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Active immunizations can be of
three types: live vaccines, killed
vaccines, and toxoids. Techni
cally; a vaccine is any material
used to produce immunity to a
disease. It frequently consists of a
suspension of microorganisms
that are alive but weakened by
chemical treatment (attenuated)
or killed (inactivated). Measles

or their active antigenic fractions,
active immunity can be induced
without the person actually de
veloping the disease. Similarly;
antibodies produced in a sepa
rate animal or human host can be
isolated from the blood serum and
given to a person to establish pas
sive immunity when immediate or
short-term protection is needed or
when effective vaccines are not
available.

3. Vaccination equipment and
sterilization
for correct ad
ministration of
immunizations.

4. Program management
schedules,

records, train
ing, resource

allocation.

will be in the near future to help
solve these problems. Four basic
aspects of immunization services
are examined:

Both types of immunity can de
velop naturally; for example,
when someone becomes infected
with a disease agent (active) or
when a baby receives its mother's
antibodies across the placenta or
in breast milk (passive). Medical
immunization mimics these
natural processes. By giving a
person modified disease agents

1. Vaccines - their safety;
effectiveness,
and stability:

This section focuses on immu
nization against six of the major
killers of children in developing
countries: BCG, DPT (diphtheria
pertussis-tetanus), measles and
polio vaccines, and tetanus
toxoid. We review the latest
information about the safety,
effectiveness, and stability
of these vaccines.

An understanding of how im
munization works can provide in
sight into the technical problems
involved in delivering effective
immunization services. Immunity
can be of two basic types, active
and passive. In active immunity;
the body develops its own an
tibodies in. response to the pres
ence of a disease agent or other
foreign antigen. Passive im
munity results when a person
receives antibodies developed in
another host.

Vaccines

2. Cold chain- the transporta
tion, storage,
and handling
of heat-sensi
tive vaccines

from manufac
turer to health
worker in the

--field.

This issue of DIRECTIONS takes
a look at some of the problems en
countered by national immuniza
tion programs and at the technol
ogy that is available now or that

The EPr covers six maj or killers
of children in the developing
world: diphtheria, whooping
cough (or pertussis), tetanus,
measles, polio, and tuberculosis.
Since many cases of these
diseases and, often, the most

literacy among their populations.
As a result of these sp~c~al chal- t

lenges, some innovative and
creative solutions are emerging.

In recognition of the seriousness
of the problem of infectious child
hood diseases and the great
benefits of giving preventive
immunization, the World Health
Organization instituted the Ex
panded Programme on Immuni
zation (EPn in 1974. EPr's goal is to
make basic immunizations avail
able to all children of the world by
1990, with special priority given to
those in developing countries.

serio-u.SC0mplicatioils-occur in the
first year of life, EPr has focussed
its efforts on reaching infants
under one year of age and
pregnant women (the latter for
immunizing the mothers and
their newborn babies against
tetanus). EPI helps national
programs by providing training,
vaccines, equipment, and
technical cooperation. It also
supports the development and
field-testing of improved equip
ment and methodologies related
to immunization.

The essential components of an
immunization program include
the availability of safe, effective
vaccines, the maintenance of the
potency of the vaccines during
distribution throughout the coun
try; their correct administration,
and the efficient management
of program resources to achieve
maximum immunization coverage.
Gr~atad-vances ha.vc: been made
in this century in developing and
improving vaccines against the
major infectious diseases. Their
widespread use in the ·industrial
ized world for the past two or three
decades has drastically reduced
the deaths and illness formerly
associated with these diseases.
However, as developing countries
build up their health care systems
and extend immunization ser
vices to a larger proportion of
their populations, they encounter
problems different from those ex
perienced by the industrialized
nations-problems such as tropi
cal temperatures, lack of electric
ity; inadequate transportation,
shortages of trained personnel
and equipment, and low levels of

It is estimated that, in the develop
ing world, six infectious diseases
kill some five million children an
nually: These diseases are pre
ventable through immunization,
which is a much more efficient
use of scarce medical resources
than attempting to treat these dis
eases after they occur. rmmuniza
tion, the stimulation of the body's
immune system to make protec
tive antibodies against inf~ctious
diseases, is a key component of
primary health care programs.
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and Sabin oral polio are exam
ples of live viral vaccines, while
the Salk polio vaccine is a killed
viral vaccine. BCG is an example
of a live bacterial vaccine, while
pertussis is a killed one. A toxoid
is a product of bacterial toxins or
poisons that has been rendered
nontoxic (so it does not cause the
serious symptoms associated with
the disease), but it does retain the
ability to stimulate immunity to
the toxin. Diphtheria and tetanus
are examples of toxoids.

Each vaccine has its own charac
teristics with respect to safety; ef
fectiveness, and stability: These
are determined in part by the na
ture of the disease organism itself,
in part by the type of vaccine
(live, killed, or toxoid), and in part
by the manufacturing practice
used. Some organisms have sev
eral different strains or types
polio for example, has types 1, 2,
and 3-which must all be iden
tified and included in the vaccine
in an appropriate balance. Live
vaccines are usually more sus
ceptible to damage by heat and
sunlight. Some vaccines are more
difficult to purify (like pertussis)
and, therefore, cause more sec
ondary reactions among recip
ients. The potency of some vac
cines can be ~nhancedby adding
mineral salts (like aluminum hy
droxide or phosphate) or by mixing
them with other vaccines.
Pertussis, for example, acts as
an adjuvant or enhancer for diph
theria and tetanus. Advances
in vaccine production in recent
years include better culturing
techniques, freeze-drying
processes, and the updating
and clarification of national and
international vaccine standards.

BeG
The bacillus of Calmette and
Guerin (known as BCG) was de
rived from bacteria (Mycobacteria
bovis), which are closely re1ated
to the bacteria (M. tuberculosis)
that cause tuberculosis (TB). BCG
is a live, attenuated vaccine that
has been in use since the 1920s.
BCG is believed to produce an ac
tive immunity which, because of
the close similarity between the
organisms, protects the individual
against the tubercle bacillis.
There have been two important
recent developments related to
BCG: the availability of a freeze
dried form and the publication of
data from India raising serious
questions about the value of BCG
in protecting against tuberculosis.

As with other live vaccines, BCG
- .is sensitive to sunlight and warm
-temperatures. The new freeze-
dried vaccine represents a great
improvement over the old liquid
form which, though it is still being
produced by some companies, is
generally not recommended for
use. When kept at or below goC,
freeze-dried BCG can be stored
safely for 1to 2 years. BCG can
also be kept frozen. If it is not kept
refrigerated, it will gradually lose
its potency: The higher the tem
perature, the more rapidly
potency decreases. The reconsti
tuted vaccine is very unstable
and should be used during one
working session.

OveralL BCG is considered a
very safe vaccine. Mild ulcers are

occasionally reported at the site of
the intradermal injection. More
rarely; inflamed lymph glands
are observed, particularlyan10ng
infants. Fatal complications may
occur at a rate of one per ten mil
lion vaccinations. Studies have
led to the recommendation that,
to reduce complications, the in
fant dose should be cut to ~ or Y2
that given to adults or older chil
dren. Where the risk of tuber
culosis infection is not high, some
programs delay giving BCG until
after the first year of life, when the
risk of complications is lower. In

most developing countries, the
risks of TB infection, and espe
cially of the acute forms of miliary
TB and tuberculous meningitis,
are much higher for infants than
the risks' of vaccine complications.

Questions about the effectiveness
of BCG in preventing tuberculosis
have been raised throughout its
sixty-year history: Different studies
have produced conflicting results,
some showing BCG to be highly
effective and others showing no
protective effect. Interpretation of
these results has been difficult for
several reasons. First, the BCG
used in the various studies was
produced by many different
laboratories and may not be
comparable. Second, there is no
proven laboratory method for
measuring the potency of the
vaccine. The number of cultur
able particles (or clun1ps of bac
teria) per milliliter is a commonly
used measure but has never been
directly related to BCG's potency
in the human. Therefore, it is dif
ficult to compare vaccines from
different manufacturers or
batches, to evaluate changes in
potency after passage through
the cold chain, or to establish a
minimum dose level. The BCG
scar at the injection site and a
vaccinated person's sensitivity to
tuberculin are used as field mea
sures of potency; but they have
also not been proven to relate di
rectly'tOthe'vaccine'sCloility to-
protect against TB. Third, the var
ious studies have examined differ
ent age groups over dissimilar
periods of time. Individuals were
given their BCG at diverse ages
and were exposed to unequal
risks of infection. Case definition
and methods for finding cases of
TB also varied widely:

The Tuberculosis Prevention TriaL
conducted in southern India with
assistance from WHO, was in
tended to resolve some of the
questions raised by earlier
studies, but its surprising findings
have raised many new questions.
The 1979 report describes the re
sults of seven and a half years of
follow-up in a community study

where 260,000 people were ran
domly assigned to receive either
BCG or a placebo; new cases of
TB were identified by surveys
using sputum samples and chest
X rays. The study found no differ
ence in the number of new cases
between the BCG and placebo
groups. The report concluded
that, in that particular population,
BCG did not have any protective
effect.

WHO, however, continues to rec
ommend development of BCG
vaccination programs, because
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the relevance of the Indian find
ings to other geographic areas or
to childhood immunization pro
grams is not clear. The presence
of other mycobacteria, very
common in this part of India, may
be interacting with BCGin some
special way that is not yet under
stood. In addition, the way that
new cases were detected meant
that only chronic pulmonary
TB was identified; the acute
forms that affect infants were
not recorded (and seem to be
less common in this area than
elsewhere). In fact, fewer than
5,0_00 infants were included in
the study; making it even more
difficult to dete~t any significant
effect among that age group.
Follow-up is continuing as those
who entered the study as young
children begin to reach the ado
lescent years when pulmonary
TB is most likely to develop. Since
studies from other areas do show
BCG to be effective in protecting
children from tuberculosis, most
countries continue to use it.
Meanwhile, further research is
under way to look at the interac
tion between other mycobacteria
and BCG and at the relationship
of BCG to the acute forms of
tuberculosis that afflict young
children especially:

DIPHTHERIA TOXOID
Diphtheria toxoid is usually given
in combination with tetanus tox
-oid (DT) or in a triple vaccine
(DPT) with pertussis and tetanus.
The toxoid is made by growing
Corynebacterium diphtheriae
germs in a liquid mixture of salts,
harvesting the toxin that is re
leased into the liquid, and
weakening it (making it into a
toxoid) by adding formaldehyde.
The concentration of the toxoid is
measured by limit flocculation (Lf)
units. These units indicate the
amount of toxoid needed to cause
flocculation (clumping into visible
particles) when mixed with a
standard amount of antitoxin.

Diphtheria toxoid is a very safe
and relatively stable vaccine.
Few reactions to the vaccine
occur among infants and young

children. For children six years
and older and for adults, a lower
dose is recommended (less than 2
Lf units rather than the 10 Lf units
or more given to infants), to re
duce the likelihood of side effects.
Death or permanent disability has
not been reported in association
with diphtheria immunization.
The toxoid can be stored safely for
several years at 4° to goC, but it
must not be allowed to freeze.

The toxoid is very effective in pro
tecting against the development
of diphtheria. Immunized people
do occasionally get the disease,
but the infections are much milder
and hence less likely to be fatal.
Purification of the toxoid during
production reduces the poss~bility

of reactions, but it also reduces
the toxoid's potency: For primary
immunization, then, an adjuvant
of pertussis vaccine (as in DPT) or
aluminum salts should be added.
Diphtheria is not much of a prob
lem in many tropical areas now.
In those regions, mild diphtheric
skin infections commonly occur
while the baby still has protection
from its maternally derived anti
toxin, thus stimulating natural
immunity to more serious forms of
the disease. As living standards
rise, though, delaying babies' ex
posure to a later age, diphtheria
could become a much more seri
ous problem. Most countries have
therefore chosen to incorporate
diphtheria prevention into their
regular childhood immunization
program, especially since a safe,
effective, inexpensive, and con
venient vaccine is available.

MEASLES
Live attenuated measles virus
vaccine is a safe, highly effective
vaccine, but it requires careful
handling and storage to prevent
damage due to excessive heat or
light exposure. Measles is one of
the leading causes of death
among children under one year
of age in developing countries.
Since 1967, when the live vaccine
replaced a much less effective,
killed vaccine in the U.S.A., the
deaths and disability associated
with measles have been greatly
reduced. One dose given be
tween 12 and 15 months of age
causes the development of anti
bodies in 95% of those vacci
nated and is known to protect
against measles for at least 15
years, perhaps even for life. In
fants in developing countries are
often vaccinated at younger
ages-as soon after 9 months as
possible-to provide earlier pro
tection (see Program Manage
ment, p. 5). Fears about measles
vaccine not being effective for
malnourished children have not
been supported in field studies,
since these children also develop
immunity after vaccination.

Aside from occasional fever and
skin rash, the only other side ef
fect reported with use of measles
vaccine is a rare condition called
subacute sclerosing panence
phalitis (a "slow virus" infection of
the central nervous system),
which occurs much more fre
quently with natural measles in
fection. The further attenuated
strain, an improved vaccine
which causes fewer reactions, was
developed in the late 1960s. Im
mune serum globulin (ISG), which



jected intramuscularly (Salk). Both
vaccines are trivalent, that
is, they contain all three major
strains of polio virus. The main
advantages and disadvantages
of each are summarized in
Table 1.

was given with earlier measles
vaccines to reduce adverse re
actions, is no longer.needed and
should not be used with present
day; safer vaccines.

Active research efforts continue to
improve the stability of the freeze
dried measles vaccine. Vaccines
introduced in 1976 are much more
stable than earlier ones. Potency
of the vaccine can be measured
in the laboratory in two ways.
The number of virus particles in
a given volume can be estimated
by determining the median tissue
culture infective dose (TCID5o or
TCDso), or the concentration of
virus needed to ensure that at
least 50 of 100 tissue culture plates
that are inoculated with the virus
will become infected. A more
exact measure using plaque
forming units (PFU), which refers
to counting the plaques or patches
of virus that grow when the vac
cine is cultured, has been pro
posed as the new basis for inter
national standards. Tests have
shown that, for measles vaccine,
one TCIDso corresponds to about
1.4 PFU. The new stability stan
dard proposed by WHO in 19S1
is for the vaccine to retain at least
1000 PFU per dose after incubation
at 37°C for seven days. Addition
ally; any drop in potency during
incubation should be by less than
a factor of ten; for exampie, 20,000
PFU dropping to 1500 PFU would
not be acceptable, while 9,000
PFU dropping to 1000 PFU would
be. It is known from testing that,
if the vaccine remains potent
when exposed to a high temper
ature of 37°C, it will be sufficiently
stable when kept at the m\lch
lower temperatures· that are rec
ommended for storage (either
frozen at - 20°C or refrigerated
at +4° to SOC).

PERTUSSIS
Pertussis (whooping cough) is a
highly contagious respiratory dis
ease. It has been estimated that,
in an unvaccinated population,· at
least SO% of children will get the
disease~ In developing countries,
1-3% of these children will die
from it, even if they receive medi
cal care, and many more will suf
fer serious illness or permanent
disability:

The vaccine used for pertussis is a
saline suspension of killed Bor
detella pertussis bacteria. Re
searchers have not been able to
isolate the active protective anti
gen yet, soOthe whole killed or
ganism, which contains many dif
ferent proteins and toxins, must
be used. These impurities are be
lieved to be the cause of the ad
verse reactions sometimes as
sociated with the vaccine. Since
pertussis serotypes can vary over
time and in different places, it is
important to include all the pre
vailing serotypes. The vaccine is
usually administered as part of the
triple DPT vaccine. Concerns
about its safety; though, have led
to greatly reduced levels of use
in some European countries in
recent years.

~o understand the issue of the
safety of the pertussis vaccine,
one must compare the size and
nature of the risks of vaccine reac
tions to the risks of getting w hoop-

ing cough and its complications.
Relatively mild, temporary reac
tions reported include local pain
and swelling at the injection site,
fever, irritability; vomiting, and
loss of appetite. Prolonged, un
controllable crying, excessive
sleepiness, and, even more
rarely; convulsions, a shocklike
state, and encephalitis are
among the more serious condi
tions reported in association with
pertussis vaccination. Estimating
the risk of these various reactions
has been difficult because
studies use different definitions,
and few examine the occurrence
of similar events among control
children who were not recently
vaccinated with pertussis. In a re
cent large study in the U.K., it was
estin1ated that severe neurologi
cal illness occurred in 1per
110,000 DPT immunizations, with
lasting damage in 1per 310,000
immunizations. Convulsions, the
most frequent immunological
reaction following DPT injection,
occurred 100 to 3000 times more
often during whooping cough
than following DPT immunization.
It appears, then, that the risks of
vaccine complications do not
outweigh the risks associated with
getting the disease. Meanwhile,
research continues on improved
vaccines, such as the new cell
free toxoid being tested in Japan
that appears to be less toxic.

The effectiveness of pertussis vac
cine has also been questioned.
Declines in rates of whooping
cough cases and deaths in
Europe even before the vaccine
was widely introduced in the
19508 have been cited as proof
that an improved standard-ofliv
ing is more important for disease
prevention than the vaccine.

However, the recent epidemics of
pertussis in the United Kingdom
since 1977 (when vaccine accep
tance dropped off sharply) show
that the vaccine did, in fact, play
a significant role in controlling the
disease. Several studies have
shown that those who are im-
munized get the disease less than
one-fourth as often as the unvac
cinated and usually get a milder
forn1 of it.

In weighing the risks of the vac
cine against its benefits, most au
thorities would agree that pertus
sis immunization is worthwhile,
particularly in developing coun
tries where the incidence of and
~ortalityfrom whooping cough is
so high. Even babies under six
months, who experience a sig
nificant rate of disease but are too
young to have completed a full
course of vaccination, do benefit
from it indirectly through "herd
immunity"; that is, less infection
will circulate if most older infants
in the community are fully vacci
nated. In the DPT form, pertussis
is convenient and reasonably
stable as long as it is refrigerated
at 4° to SoC (it must not be frozen),
and has the additional advantage
of acting as an adjuvant for
diphtheria and tetanus toxoids.

POLIO
Two types of polio vaccine are
available: a live, attenuated vac
cine given orally (Sabin) and a
killed or inactivated vaccine in-

Both types of vaccine are quite
safe. There is some risk of the live
virus mutating in a vaccinated
person and causing that person
or someone in contact with that
person to develop a case of
paralytic polio. A WHO study;
however, showed this risk to be
less than one per ten million
doses of vaccine. One way to re
d uce this risk is to vaccinate all
members of family groups or
communities at the same time.

Effectiveness of the vaccines
seems to vary in different places.
Potency is usually measured in
terms of seroconversion, that is, in
terms of those who did not have
antibodies to polio in their blood
stream before vaccination but do
afterwards. There is some evi
dence that newer versions of the
killed vaccine produce high rates
of seroconversion (90-100%) after
one or two doses and require less
frequent boosters to maintain
protection.

The live vaccine also produces
high rates of seroconversion
in most populations, but studies
in several tropical countries
have uncovered cases where
oral polio vaccine has not stirnu
lated antibodies, even after extra
doses were given. Live vaccine
also induces immunity in the cells
lining the digestive tract how-

-ever. Such immunity may not be
reflected in st':ldies of antibody
levels in the blood. The live vac
cine appears to offer good protec
tion against polio, even in those
areas of the world where it has
failed to induce satisfactory
seriological responses. Children
with diarrhea may need extra
doses of the live vaccine. Unlike
people who only have humoral
immunity; those with intestinal

immunity may also be protected
against harboring or spreading
wild, more virulent polio viruses
through the feces.

As with any live vaccine, oral
polio is sensitive to excessive heat
and light. It should be stored fro
zen at - 20°C or kept refrigerated
at 4° to SoC. The killed vaccine is
more stable and needs only care
ful refrigeration at + 4° to SoC.

Because of the high cost of killed
polio vaccine and the incomplete
ness of the data showing killed
vaccine to be more effective
than the live vaccine, WHOIEPI
currently recommends oral polio
vaccine for routine use in devel
oping countries. In those places
where oral polio does not seem to
be effective, use of killed vaccine
either alone or in combination
with live vaccine is being studied.

TETANUS
Tetanus toxoid is safe and rela
tively stable. The toxoid is made
by weakening the natural toxin
with formaldehyde. The few side
effects reported are usually due to
impurities or allergy and can be
avoided by using highly purified
toxoid and not giving boosters too
frequently: As with the diphtheria
toxoids, an adjuvant like pertussis
or aluminum salts should be
added when the purified toxoid is
used for primary immunization.
Fatal allergic reactions have
been recorded on very rare occa
sions. The three doses of DPT
given to infants provide long
lasting protection against tetanus.
The two doses of tetanus toxoid
given to pregnant women during

- --the second half of pregnancy-pro
tect both the mother during
childbirth and the baby; since the
mother's antibodies pass through
the placenta. Since newborn
tetanus has a fatality rate of SO%
and is very common in many de
veloping countries, the health
benefits to be gained from wide
spread tetanus immunization of
pregnant women are significant.
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Cold Chain Equipment

EPI/UNICEF Product Information Sheets

cal indicator is the 3M Monitor
Mark, a larger-sized, nonrevers
ible time-temperature indicator,
which is being tested in 50 coun
tries for use with boxes of vaccine
being shipped or stored through
out the cold chain. Results from
both sets of field trials are ex
pected in 1983. The freezewatch
alarm, a nonreversible chemical
indicator that changes color when
exposed to temperatures below
- 4°C for more than one hour,
is designed to warn if DPT or
tetanus vaccines have been
frozen.

5. Ice packs and cold packs
for cooling insulated con
tainers.

6. Thermometers and ther
morecorders for monitor
ing vaccine storage.

7. Accessories, including
alarm systems.

The sheets can be obtained
from national WHO/EPI or
UNICEF representatives or
by writing to WHO/EPI, 1211
Geneva 27, Switzerland.

Since vaccine potency declines at
a rate determined by both time
and temperature exposure, it is
important to know the tempera
ture history of each vial of vac
cine. The PATHmark time
temperature indicator for measles
vaccine, one of a series of cold
chain indicators now being
tested, is the only monitor avail
able for individual vaccine vials
(see box on PATHmark field trials
update). The indicator is a small
disc of chemically treated paper
with an adhesive backing (so it
can be attached to the lid or label
of each vial) and a clear, protec
tive coating. The PATHmark
changes color from light red to
dark red to black as it accumu
lates heat exposure sufficient to
reduce measles vaccine potency
below acceptable levels. It is non
reversible. It is also available as a
management indicator for vac
cine shipments. Another chemi-

Temperature monitoring systems
are an essential safeguard for
heat-sensitive vaccines. The sys
tem can be as simple as daily
manual reading and recording of
the temperature where vaccines
are stored or as elaborate as au
tomated monitoring systems with
alarms and standby alternative
cooling systems. The liquid crys
tal thermometer is an easy-to
read, inexpensive, reversible
thermometer (O°C to + 20°C) for
use in refrigerators. For accurate
readings, it should be mounted
with its adhesive backing on a
small wood or plastic block and
placed in the middle of the re
frigerator, away from the walls or
the light bulb.

formation on more than 25 types
of boxes and carriers that are
available. A program n1anager
should determine the amount of
vaccine to be carried (storage ca
pacity), how long the vaccine
must be stored (cold life) with
extra safety margins added if the
box must be opened often, how
the box will be carried (how
heavy it can be), and how dura-

ble it must be. Using these criteria
and the EPI data, the manager
can identify the best box at the
best price for his or her program.
Several developing countries (In
dia, Indonesia, Pakistan, the Phil
ippines, Senegal, and Thailand)
are now producing their own cold
boxes and carriers.

Product Information
Sheets, published by EPI
and UNICEF in English,
French, and Spanish, con
tain technical and purchas
ing data for the following:
1. Cold rooms for bulk stor

age of vaccine.
2. Refrigerated vehicles/

systems for bulk transport
of vaccine.

3. Refrigerators and freezers
for the storage of vaccines.

4. Cold boxes, carriers and
vaccine packaging.

In choosing a refrigerator or
freezer, the program manager
should determine the following
information:
1. Vaccine storage capacity

needed:
-how much at +4°C?
-how much at -20°C?

2. Icemaking performance
needed:
-how many icepacks to be

frozen per 24 hours?
3. What external temperatures

are reached:
-not more than + 32°C?
-high daytime and low night-

time temperatures?
-continuous temperatures be

tween + 32°C and + 43°C?
4. What power sources are

available?
5. What cold life is needed if

power source fails?
6. Are repair facilities and spare

parts available, and for which
types?

7. Which refrigerators meet
needs at lowest running cost?

Cold boxes for transporting vac
cine between stores and vaccine
carriers for use in the field are an
important part of the cold chain.
The EPI/UNICEF Product Informa
tion Sheets and special reports
(see EPI/CCIS/81.3) provideprac
tical technical and purchasing in-

lower running costs, better relia
bilit~ and a longer working life
than conventional refrigerators.
Five alternative methods of solar
cooling are being developed;
several are already available for
field testing. EPI has three reports
available in English or French
(EPI/CCIS/81.5, EPI/CCIS/82.3,
and EPI/CCIS/82. 8) reviewing
solar refrigeration.

One of the most exciting innova
tions is the development of solar
powered refrigerators for vaccine
storage and ice-making. Solar
powered refrigerators offer the
potential for high performance,

In recent years WHO/EPI has
played a major role in aiding the
development, adaptation, and
field testing of equipment to meet
these conditions, and in dis
seminating practical information
about the results of these ac
tivities. (See box on EPI/UNICEF
Product Information Sheets.) For
areas where some electricity is
available but the supply is not
continuous, possible solutions in
clude voltage regulators, well
insulated freezer chests (which
hold a cold temperature better
than front-opening freezers), and
refrig~ratorswith ice-tube linings
that freeze when the power is on
and keep the chest cold when the
power cycles off. Where a reliable
supply of electricity is not avail
able, other fuels, such as
kerosene and liquid gas, are
being used to power refrigerators.

The cold chain refers to the dis
tribution of heat-sensitive vac
cines from the manufacturer to
the national vaccine store and
eventually out to the health work
ers who do the vaccinations. The
chain includes the people who
handle the vaccine, according to
established procedures, and the
equipment to keep the vaccine
cold. There are many challenges
in maintaining an effective cold
chain under the special circum
stances often found in developing
countries: the lack of reliable
electrical power, high ambient
ternperatures, the variety of trans
port used to carry vaccines and
the fime needed to reach remote
areas, the shortage of trained
equipment maintenance per
sonnel, the difficulties of com-
m unication and transportation
when repairs or spare parts are
needed, and the very limited
funds available.
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Vaccination Equipment

For injectable vaccines, supplies
of needles and syringes and a
method of sterilizing them are
needed. Although disposable,
presterilized needles and
syringes seem convenient, they
often pose considerable storage
and distribution problems. Reus
able glass or nylon syringes work
well and, with correct sterilization
techniques, are quite safe.

For'measles,DPT, and tetanus tox
oid, a 1 ml, 2 ml, or 5 ml syringe
is used with a 22 gauge, 1~ inch
(30.7 mm) needle. Each injection
is given with a sterile needle and
syringe which is not reused until it
has been completely sterilized
again. Because BCGis given in
tradermally; a special'l ml tuber
culin syringe is used with a very
short 25 or 26 gauge, 10 mm (ap-

proximately % inch) needle. It has
been accepted practice to use the
same BCG syringe for several in
jections, sterilizing the needle be
tween each use by passing it
through a flame. However, many
health workers have found that
flaming the needles makes the
steel lose its hardness and be
come d ull. Using a separate
syringe and needle for each BCG
injection avoids this problem.
Work is currently under way to
develop a one-dose BCG syringe.

Sterilizing needles and syringes is
a time-consuming task and re
quires adequate fuel for heating
water. Syringe barrels and plung
ers must be separated, washed,
and individually wrapped in
gauze, and needles m tlst be
pushed into gauze rolls to protect
the tips. Recently, a metal rack
has been designed to hold nee
dles and syringes with no need
for gauze wrapping. It holds
enough equipment for an im
munization session of about 35 in
fants and fits into a small home
pressure cooker. It is currently
being field tested along with a
clockwork timer that automati
cally releases steam pressure i

after it has been maintained for 15
minutes. Steam pressure in a

domestic pressure cooker or a
pressure sterilizer at 15 psi
(pounds per square inch) for 15
minutes is preferred over open
boiling for 20 minutes. It provides
higher temperatures for more
thorough sterlization and uses
less fuel.

Alternative means of administer
ing vaccines, other than standard
needles and syringes, have also
been investigated. For example,
a bifurcated (two-tined) needle,
originally developed for use in
smallpox vaccination campaigns,
has been used to administer
BCG. It is simpler to use than a
standard intradermal needle and
syringe, but it seems to produce
less effective immunity than in
tradermal injection and requires
a more concentrated and costly
form of BeG. Delivery of vaccines
in an aerosol form, to be inhaled
individually or in a group treat
ment, is also being investigated
using measles vaccine.

Jet injectors, which force vaccines
through the skin in a pressurized
spray without the use of a needle,
have been tried with BCG, DPT,
and measles with varying de
grees of success. These injectors
can be powered by springs, hy-

draulics, gas cylinders, or elec
tricity. The advantages are their
speed, relative painlessness,
ease of administration with mini
mal training, and safety from in
fection due to unsterile needles.
Concerns about their ability to de
liver uniform doses have led some
to recommend against their use,
especially with BCG vaccine. The
other disadvantages are their
need for regular maintenance
and repair and their high initial
cost; they are cost-effective only
when used in mass campaigns
immunizing several hundred
children each day. Because most
immunization programs are
based on reaching mothers and
children through the routine
health care services,
(supplemented with occasional
campaigns), there are few sit~a-

tions where jet injectors would be
especially advantageous.

Program Management

RECORDS
A record-keeping system is essen
tial in order to know which vacci
nations have been given and
when. Some programs have used
BCG, which produces a scar, as a
marker indicating that the first
DPT and polio doses were all
given at the same time, but it is
usually bet~er to give BCG at birth

When services are organized
around mobile teams or special
campaigns, six-month intervals
are the longest that can be used
without leaving too many infants
unprotected during the first year
of life. Schedules should also take
into account seasonal conditions
that affect work patterns (such as
harvest time) or transportation
(rainy season) and cultural beliefs
and practices that may affect ac
ceptance of immunization.

child must return for immuniza
tions. Several types of vaccina
tions can be given-dftne sarhe~

time, but the minimum interval
between doses must s'till be ob
served. The number of people
needing immunization in a com
munity, the amount of travel time
for outreach or mobile teams, and
the availability of refrigeration or
vaccine carriers, will all influence
the schedule in different ways. A
minimurn of three visits is needed
if the third visit is delayed to the
age of 9 months (to administer
measles). An illustrative three
visit schedule might be:

immunization

BCG, 1st DPT,
1st polio

2nd DPT, 2nd polio
measles, 3rd DPT,

3rd polio

age of child

3-5 months

6-8 months
9-10 months

The resources available (includ
ing the existing health care sys
tem) determine the type of
schedule that is workable. Since
each visit is costly in terms of per
sonnel and transport, the goal
is to limit the nurnber of times a

involved, since the goal of com
pleting the series of doses in
time to protect the child at high
risk may conflict with the goal of
delaying vaccination until mater
nal antibodies subside so the vac
cine willI/take" well. There has
been much controversy over the
best age to give measles vaccine.
In developed countries, where
measles usually occurs after 18
months of age, the vaccination is
given around age 15 months. In
many developing countries,
though, where the incidence of
and mortality from measles are
high in the first year of life, the
age for immunization recom
mended by the EPI is as soon as
possible after 9 months of age.
Programs that have tried vac
cinating for measles at 6 months
have found that a reinforcing
dose after the age of one year
is often needed to obtain long
lasting immunity. The EPI recom
mendation is based on a balance
of factors such as maternal anti
bodies, the pattern of weaning,
the rates of measles occurrence,
and the effectiveness of the
vaccine at different ages. For
multiple-dose vaccines, the in
terval between doses presents a
similar dilemma. The longer the
interval, the better the "take",
but completion of the schedule
is delayed. For DPT, oral polio,
and tetanus toxoid, the minimum
interval between sequential
doses is one month.

The health needs of the people to
be served are considered epide
miologically: which diseases are
public health problems and have
an effective vaccine available,
which age groups are at greatest
risk of the disease, and which
groups are at low risk of exposure
or are already immune. If most
children in the community have
developed natural immunity to
measles by age two, for example,
it will not make sense to offer
measles vaccine to unvaccinated
children over two years of age.

tance of immunization. In any
case, specific numerical goals for
each area should be set to pro
vide the program with a clear di
rection and to allow for concrete
evaluation along the way.

SCHEDULES
Immunization schedules are
determined by considering the
health needs of the population,
the requirements and costs of the
particular vaccines chosen, the
resources available, and the way
services are structured. It is sel
dom possible to achieve the ideal
schedule because of conflicting
needs, so some compromises are
necessary.

The immunological requirements
. of the vaccines must also be taken
into account. Because maternal
antibodies can pass through the
placenta and the breast milk, they
may interfere with an infant's abil
ity to respond to a vaccine and to
produce his or her own anti
bodies. DPT and polio vaccines,
for example, should not be given
before the age of 2 to 3 months
and measles not until 9 months
of age. A delicate balance is

GOALS
The setting of program goals is
a policy matter and depends in
large part on what immunization
services are already being pro
vided and on what resources are
available. The goals might consist
ofexpanding existing immuniza
tion services at health centers,
extending service to new geo
graphic areas, designing special
programs to reach high-risk sub
groups, or developing educa
tional programs about the impor-

To combine the components of
vaccine and equipment into an ef
fective immunization service, a
program manager must consider
several issues. First, after a sur
vey of the existing situation, he or
she should set program goals and
develop an appropriate and fea
sible immunization schedule. Sys
tems for keeping records and for
training health and cold chain
personnel are essential elements.
In choosing between different
strategy options, a program man
ager will need to do SIn analysis
of the costs of each option. Finally,
a method of evaluation must be
developed to measure program
success in meeting the stated
goals and to identify needed
changes and improvements.
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if possible. Many programs have
developed immunization cards
which are retained by the parents
(often in a plastic envelope) and
contain a record of the child's
vaccinations and the date of
return visits n'eeded. Parent
retained cards allow the parent to
take the child to whatever facility
is most convenient and avoid the
problem of clinic files and multi
ple patient names. In addition to
information needed for individual
care, each program should col
lect data for evaluation, for inven
tory control, and for planning fu
ture services. The data needed
include the number of doses ad
ministered, the number of vials of
vaccine used per session, the
n umber of first, second, and third
doses, the age of the person vac
cinated, and records of cold chain
monitoring systems. Surveillance
data or case-reporting of the dis
eases for which vaccinations are
given would enable staff to rec
ognize epidemics quickly and to
measure program success.

TRAINING
Because there are a variety of
skills needed to provide effective
immunization services, several
types of personnel training pro
grams have been developed,
which can be integrated with
other primary health care train
ing or carried out separately in
smaller units. WHO/EPIoffers
courses on planning and man
agement, on mid-level manage
ment, on the cold chain, and on
cold chain equipment repair.
These courses are given several
times each year in various re-

We encourage readers to send
in ideas and questions related
to their experiences with health
technology. Contact:

PATH
Canal Place
130 Nickerson Street
Seattle, WA 98109 USA
CABLE: PATH Telex: 4740019

•
A reader in Nigeria has inquired
whether the cellophane from
cigarette packets could be used
as the cover slip in the Kato smear
test for intestinal schistosomiasis.
According to our experts, this cel
lophane is too thin; it would cor
rugate, thereby distorting the
fecal smear. Glass or plastic cover
slips can be used, but the wetta
ble cellophane described in the
Schisto issue of DIRECTIONS
(March 1982) offers the additional
advantage of retaining moisture
so that the slide remains readable
for up to one year. (See below
for ordering information.)

•
Through the courtesy of the
DuPont Company; PATH has
obtained a limited supply of wet
table cellophane. We will supply
it to health programs in rolls of
2" (5.08 cm) width, to be cut into
~8" (2.22 cm) strips for standard
microscope slides. There will be
a small handling and shipping

gions of the world, and focus on
self-instruction and learning
through doing. Training manuals
(which can be adapted to local
conditions), Users' Handbooks
explaining various types of re
frigerators, a Repair Technician's
Handbook for compression re
frigerators, and various posters,
folders, and slides are available
from EPI (by contacting the local
or regional WHO representative).
New EPI materials being devel
oped include a child growth
record, a training course for
peripheral health workers, a
booklet on prevention of neonatal
tetanus, and material on the logis
tics of handling vaccines, essen
tial drugs, ORS, and other pri
mary health care supplies.

RESOURCE ALLOCATION
Once the goal has been set, how
does the program manager de
termine the best strategy for al
locating available resources to
the various components identified
earlier (such as vaccines, person
nel, facilities, and cold-chain
equipment)? The cost of a course
of the basic six vaccines them
selves is relatively low, less than
US$0.50 perchild. The costs as-

charge. Send inquiries to PATH
in Seattle.

•
The Institute of Child Health in
London provides a variety of
Teaching Aids at Low Cost (TALC).
These include slide sets with ac
companying script, "Road to
Health" weight charts and flan
nelgraphs, measuring spoons for
preparing oral rehydration solu
tion, and low-cost books appro
priate to primary health care pro
viders. The slide sets are particu
larly valuable instructional tools
and cover a wide range of topics,
including tropical diseases like
guinea worm and leprosy; nutri
tion, diarrhea, child develop
ment, and obstetrical problems.
Sets of 24 slides are available for
less than US$lO. For information,
write: Teaching Aids at Low Cost,
~O. Box 49, St. Albans, Herts.
AL14AX, U.K.

•
The Appropriate Health Re-
sources and Technologies Action
Group, Ltd. (AHRTAG) is prepar
ing an illustrated guide to store
keeping in health centers and
rural hospitals in developing
countries. Practical ideas on stor
age, stock control, and dispens
ing of drugs and other medical
supplies would be welcome. They
also want to hear about the day
to-day problems related to stor
age and supplies. Please write:
AHRTAG, 85 Marylebone High
Street, London WI, U.K.

~ sociated with the other compo-
"§ nents, however, can vary widely.
6 A good way to begin is to identify
o several possible strategies that
::r:
~ could fit the goal and the local

situation-for example, extend
ing the range of existing facilities
by increasing the hours when
vaccinations are available, de
veloping specialized mobile
teams to serve remote areas, or
training nonmedical people, such
as teachers, to give oral polio.
Then, after identifying all the
costs of each strategy; the pro
gram manager can calculate
a cost per person immunized.
(EPI has a paper, "Costing
Guidelines ," on how to determine
cost-effectiveness-EPI/GEN/79/5.)
A related approach is to compare
how many of the targeted popula
tion (usually children under one
year and pregnant women) can
be reached with each strateg~

In general, where the existing
health care system already offers
some maternal and child health
(MCH) care, immunization ser
vices are delivered most effi
ciently if they are integrated into
MCH services. They share the
same target group, and the
facilities and personnel require
ments are similar. When a special
immunization program is needed,
it will be most successful and
stable if it can eventually serve
as the basis for broader health
services.

After a strategy has been chosen,
it is important to develop a meth
od for evaluating its success.
Otherwise, scarce resources may
be wasted on a program that is

PATH's New
Schisto Kit

The PATH Urinary Schisto Diag
nostic Kit, announced in the
March 1982 issue of DIRECTIONS,
has been improved and is now
available. "By special arrange
ment with Nuclepore Corpora
tion, PATH is able to supply kits
with precut filter membranes at
low cost to public sector health
programs. Based on advice from
experts in the field, the mem
brane is a 12-14 micron pore size
instead of 8 micron (to reduce
problems of clogging). In addi
tion, the kit can be ordered with
either screwtop or pop-top filter
holders. Kits (including filters,
filter holders, and forceps) can be
ordered in quantities sufficient for
100, 1000, gr .5000.test~:.Discounts
'Ore available on larger quantities
and customized orders of any
combination o"f the components
can be arranged.

PATH has also developed a set of
42 slides that show the step-by
step procedure of the urine filtra
tion diagnostic method. The slides
are available in English, French,
or Arabic.

For further information on the
PATH Schisto Kit or the instruc
tional slide sets, please write:
PATH
Canal Place
130 Nickerson Street
Seattle, WA 98109 USA

ineffective or that is good but
could be improved. Evaluation
can be continuous (temperature
monitoring of vaccines or daily/
weekly/monthly service reports,
for example) or periodic (vaccina
tion coverage surveys). Most
countries do not routinely collect
data on the number of children or
mothers needing vaccination in
each area. In order to determine
the percentage of people covered
by services, special surveys are
needed. EPI has developed a
model cluster-sampling survey
technique which provides basic
data on vaccination coverage
and uses evaluation resources
efficientl~Well-designed evalua
tions feed information back to
program managers so that they
can improve their programs;
these evaluations also serve as
evidence that resources have
been used effectively to achieve
agreed-upon goals.

From this review, it is clear that
immunization services, an essen
tial component of primary health
care, involve a complex array of
medical, logistical, and man
agement concerns. Choosing
vaccines on the basis of priority
public health needs, developing
and maintaining an effective cold
chain, and selecting program
strategies that make the best use
of limited resources will result in a
marked improvement in the
health of mothers and children.

This issue of DIRECTIONS was
prepared by Vivien Davis Tsu,
M.RH. We wish to thank all
those who provided information
and assistance, especially the
staff of WHO's Expanded Pro
gramme on Immunization in
Geneva and Washington, D. C.
Special thanks also go to those
who reviewed the manuscript:
Dr. Hjordis Foy, Professor of
Epidemiology and International
Health, School of Public Health,
University of Washington,
Seattle; Dr. Alex D. Kanarek,
Assistant Director, Technology
Transfer, Connaught Laborato
ries, Ltd., Ontario; Dr. Kenneth
Warren, Director, Health Sci
ences, Rockefeller Foundation;
and the staff of EPI in Geneva.

Other Publications
On 1111111unizations

A reference list for this issue is
available from PATH for those in
terested in reading more about
immunization." ",

An excellent monograph entitled
Immunizations is available from
the American Public Health As
sociation. The 43-page paper,
prepared by the International
Health Programs section of
APHA, discusses vaccines and
the cold chain, immunization de
livery strategies, community par
ticipation, and management and
eva1uation. It also includes a brief
annotated blbliograph~The issue
is Series L Number 2 (October
1981) of the Primary Health Care
Issues and can be obtained by
writing APHAlIH8 1015 Fifteenth
Street, N.W, Washington, D.C.
20005, USA. The cost is approxi
mate1y US$5. 00.
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Assessing Nutritional Status
,Practical Measures for Primary Health Care

Malnutrition is still directly or indi
rectly responsible for much of the
morbidity and mortality in devel
oping countries, particularly
among children. Because of their
greater nutritional requirements,
children (who experience rapid
growth between the ages of six
months and five years), as well as
pregnant and lactating women,
are especially vulnerable to mal
nutrition. Many of the classical
methods of assessing nutritional
status-dietary surveys, bio
chemical tests, and clinical
examinations- require resources
that are often not available in
rural areas or urban slums.
Technologies appropriate for
routine field use are needed to
strengthen primary health care

Specific technologies for assess
ing the following are reviewed:

programs in developing
countries.

Such technologies must he,;.
• Accurate, reliable, and able

to be standardized;
• Easy to learn, use, and

interpret;
• Low cost, both in terms of

equipment and personnel;
• Portable and durable; and
• Culturally relevant.

The main purpose of nutritional
status assessment in primary
health care programs is to enable
health workers to screen for high
risk factors and identify those in
dividuals most in need of referral
and/or intervention. Measurement
of individual status can also be

used to evaluate the impact of an
intervention and to monitor the
progress of in~ividuals over time.
These methodscap also provide

, information fotpl.arirt~ng.and

evaluating nutrition progrcirns.
The technolQgies used should." be·..
matched as closE?ly as possible to
the needs of the program and to
the outcome desired.

This issue of DIRECTIONS'looks
at nutritional status assessment
technologies for use in primary
health care programs and points
out the needs for improved assess
ment methods. It also discusses
aspects of program management,
focusing on the selection of
technologies.

1. Growth in
children under
five

2. Maternal
nutritional
status and
fetal growth

3.Anemia
and vitamin A
deficiency
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Using Growth Indicators
in Children under Five

2

Growth is the best overall indi
cator of health and nutritional
status in children under five.
Measurements of body size and
composition, known as anthro
pometric measurements, are the
most widely used indicators for
young children. There are two
approaches to the assessment of
the nutritional status of children
monitoring growth, by taking the
same measurement at regular
intervals, and screening, by tak
ing a measurement on a single
occasion. Monitoring allows
health workers to observe the pat-

TABLE 1

FORMS OF MALNUTRITION IN DEVELOPING COUNTRIES

Deficiency Disease Nutrient

Protein-Energy Malnutrition protein and
Severe forms: Marasmus and calories

Kwashiorkor

Anemia usually iron

Xerophthalmia vitamin A

Endemic Goiter iodine

Pellagra niacin

Beriberi thiamin

Rickets vitamin D

Scurvy vitamin C

tern. of growth and to detect early
signs of growth failure. Screening
does not provide information on
the progress of growth, but is use
ful for rapid detection of cases of
severe malnutrition.

Each of the commonly used indi
cators (shown in Table 2) reflects
a different aspect of growth. Some
are used primarily for monitoring,
such as weight-for-age, and
others, such as arm circumfer
ence, are particularly suitable for
screening. However, some pri
mary health care programs have
found it more practical to use the
less-complicated screening
methods for monitoring.

Growth monitoring most fre
quently measuresweight-for-age,
which is recorded on a chart that
graphically demonstrates the
growth process. Most growth
charts are similar to the Road-to
Health chart.

The reference curves represent
either percentages of the median
of the reference population (for
example, 75% of the middle
weight for a given age) or percen
tiles (for example, the third per
centile or point at which 97% of
all weights for a given age are
higher). Health workers record
the child's weight on the chart at
each visit, and determine ade
quacy of growth by comparing
the child's growth curve to the ref
erence curves. In some programs,
only one curve is used. In others,
multiple curves form channels
that represent degrees or classifi
cations of malnutrition. The chan
nels are often colored to corres
pond with the classification. A few
programs also observe absolute
weight gain to evaluate growth.

Growth tables are a recent mod
ification of growth charts. Field
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tests in the Philippines found that
this kind of growth table was
easier to interpret than the charts
using growth curves. A growth
monitoring program in Africa
plans to adopt a modification
of this system, believing that
mothers can most easily under
stand and remember the growth
progress of their children when it
is translated into a numerical
score.

A variety of scales are available.
Table- or floor-model beam scales
are the most accurate, but they
are the most expensive and dif
ficult to transport. There are also
many reasonably accurate, por
table, and relatively inexpensive
scales that can be made by local
artisans or commercial manufac
turers. With all these scales, the
child is suspended in a sling, seat,
or pants, which can make it dif
ficult to obtain accurate readings,
and may lead mothers to object to
the procedure.

Health workers must also know or
be able to estimate accurately the
child's age. Construction of a
local events calendar can help
parents associate a birth with an
event such as a festival, harvest,
planting, or disaster. Parents can
be asked which local children of
known age were born at the same
time as their child. Health workers
can also count the number of teeth
the child has and note other de
velopmental characteristics to
estimate age.

against a wall to which a non
stretching tape is attached.

Growth charts usually include
space for additional information,
such as immunization history and
clinic appointments. Other factors
that affect nutritional risk can be
recorded as well. Educational
messages can also be printed on
the card. Usually the mother
keeps the chart, which then
serves both an educational and
motivational purpose. Sometimes
the clinic or health center keeps
a duplicate copy. If height is mea
sured, it is usually recorded only
on the clinic copy. Charts that are
not crowded enable parents to see
the direction of the growth line
more easily. It is important to pro
vide a durable plastic envelope
and/or make the chart of sturdy
paper so that it will survive a lot
of handling.

Which reference population to use
is a matter of controversy. One
side of the debate holds that most
children, regardless of ethnic
origin, have approximately the
same potential for growth given
adequate nutrition, and so rec
ommends using international
standards. Existing local data can
be used as a basis for deciding
which channels or cut-off points
best represent the normal range
for that country or region, keeping
in mind that international stan
dards should not be interpreted as
targets but rather as a reference
for comparison.

3

Name .

Birth weighl kg
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The opposing view is that studies
indicate that genetic background
and environmental factors (diet,
infections, altitude, for example)
do make a difference; therefore,
a definition of nutritional status
should be made on the basis of
comparisons to a local standard.
However, it is not always possible
for developing countries to collect
the data necessary to establish
local reference population values.
One solution is the development
of standards that can be used by
several countries within a region.
When local standards are not
used, the Harvard Standard is
frequently employed. Recently,
the reference population of the
National Center for Health Statis
tics of the United States is finding
wider usage.

Height-for-age is a useful supple
ment to weight-for-age. It allows
health workers to determine to
what degree low weight-for-age is
due to stunting (retarded skeletal
growth) or wasting (extreme thin
ness). Accurate measurement
of height requires a measuring
board and two people to take the
measurement. Children younger
than two are measured lying
down. A separate board may be
needed to measure the standing
height of older children. Or, they
can be measured standing

TABLE 2

ANTHROPOMETRIC INDICATORS FOR CHILDREN

Indicator What Does It Measure?

Weight-for-age wasting and stunting *

combined

Height-for-age stunting

Weight-for-height wasting

Arm circumference wasting

*Wasting, which is extreme thinness, reflects acute, current malnutrition;
stunting, which is retarded skeletal growth, reflects chronic, long-term
malnutrition.
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The measurement of arm circum
ference is a useful screening tool.
Because arm circumference
changes only about 1em In chil
dren between the ages of one and
four, it has been used as an age
independent measure in children
of that general age range. To
measure arm circumference, a
tape or arm band made of dura
ble and non-stretching material is
placed around the mid point of
the child's relaxed, left upper arm.
Arm circumference tapes can be
made from used X-ray film or from
other durable materials, but they
must be checked periodically
against a ruler. Workers also need
practice taking this measurement
to ensure accuracy.

Simplified measurements of arm
circumference have been devel
oped and used in some programs.
For example, a bangle or bracelet
with a circumference of 13 em that
fits beyond a child's elbow indi
cates severe malnutrition. Many
problems have been reported
with this method, especially
where workers have difficulty

sliding the bracelet over the
elbow of even a very thin child.
Another method estimates the
thickness of a child's upper arm
by noting the distance between
the health worker's index finger
and the ball of the thumb. Sticks of
wood or bamboo and/or pipes or
tubes of various circumferences
are needed to train health work
ers in this method and to serve
as references for measurement.

The Echeverri Tape for measuring
arm circumference is a method
that has been recently introduced
in Latin America. In contrast to
other arm circumference bands,
this measure is age-specific and
can be used on infants under one
year. The first six years of growth
are divided into seven stages on
this tape.

Another screening alternative in
volves measuring maximum thigh
circumference. Because the thigh
is larger than the upper arm,
measurement error is less likely
than with arm circumference.
Thigh circumference can be used

as an age-independent measure
in infants as young· as six months.
One color-coded tape has cut-off
points for detecting severe mal
nutrition at 17.5 cm, moderate
at 21. 5 cm, and borderline at
24.5 cm.

The advantages of these cir..,
cumference measures are their
simplicity and low cost. Mothers
and health workers with little or
no formal education can learn
to use and interpret them, even
carrying out assessment at home.
In some projects, schoolchildren
have been trained to measure
the arm circumference of their sib
lings and neighbors. While these
methods are usually employed
as screening devices, some
programs have used them as
monitoring tools, recording reg
ular measurements on charts
designed for people who do not
read. In areas where the level
of illiteracy is very high, these
methods might be a practical
substitute for weight monitoring.

Name _

Date of Birth _
PHILIPPINE NUTRITION PROGRAM

NUTRITION HEALTH CHART FOR BABIES

PROVINCE: --1

MUNICIPALITY: 1

BARANGAY:

MONTH

WEIGHT (Kg)

Birth
month 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

NUTRITION
LEVEL

(PLOT MONTHLY WEIGHT IN CORRECT BLOCK TO DETERMINE NUTRITION LEVEL)

1
HEALTHY 3.1 3.8 4.5 5.1 5.7 6.2 6.7 7.1 7.6 8.0 8.3 8.6 8.9 9.1 9.3 9.5 9.7 9.9 10.1

rmmmmmmmr
2 0w
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(borderline) (normal)

Thinness Chart

RED

(malnourished)

TALC

ECHEVERRI TAPE

BOX 49 ST. ALBANS UK\0 - .J....=--=-S.----,-,.....

Simple, easy-to-make, color-coded tapes allow nonliterate people to use and
interpret this measure.

Zerfas insertion tape with a slot at the zero end prevents reading errors.
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This lightweight (2.5 kilo) and portable infant measuring board can be
made locally;

Taking a health history and look
ing for clinical signs of malnutri
tion provide valuable information
for deciding whether or not a child
needs nutritional or other health
interventions. For example, the
clinical signs of marasmus are
wasting of both muscle and fat,
whereas the signs of kwashiorkor
include edema; apathy; weak,
wasted muscles, with presence of
fat; light, sparse hair that is easily
plucked; flaky-paint rash; and
enlarged liver. Similarly, other
nutrient deficiency signs should be
noted (see section on anemia and
vitamin A beginning on page 8).
It is especially important to take a
history and look for clinical signs
when an anthropometric measure
is taken only once.

,...-------------------------------....,N('I')
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Other screening methods rely on
weight and height. The weight
for-height or Thinness Chart can
be used to identify wasted chil
dren, regardless of their ages.
This chart consists of columns
marked with a weight, with three
colored sections corresponding
to nutritional status categories
at the top of each column. A child
is weighed and placed standing
against the column that has his
or her weight. The health worker
notes the color of the column at
the top of the child's head. This
chart can be used as a monitoring
tool for recording periodic mea
surements on a card. A length
board for using the Thinness
Chart in children under two years
is being developed.

Another screening tool measures
arm circumference and relates
it to height. The QUAC (Quaker
arm circumference) stick is age
independent and can also be
used to detect severe malnutrition
in school-age children five to ten
years old as well as in preschool
children.

The Wasting-Stunting-Classifying
Scale is a new method for quick
assessment that combines
weight-for-height and height-for
age to enable health workers to
determine if a child is wasted,
stunted,' or both. Weight-for-age
takenona single_ occasion is
widely used as a method of
defining nutritional status; how
ever, this measure alone cannot
distinguish a wasted child from
a stunted child.

Recent research has found that
measuring the mid-upper-arm cir
cumference of newborns is a good
screeningtechnique for low birth
weigh t. A circumference less than
or equal to 9.0 cm at birth and
through the first fourteen days
of life is the cut-off point. As with
other arm circumference mea
sures, health workers need train
ing and supervision in its use.

Echeverri Tape
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Measuring Maternal Nutritional Status
and Fetal Growth

Low birth weight (less than
2,500 g) is an important cause
of perinatal and infant mortality
and,morbidity, as well as subse
quent retarded growth and devel
opment in school age children.
Primary health care workers need
simple, accurate, and inexpen
sive methods to permit detection
of women who are at risk of deliv
ering low birth weight babies.
Maternal nutritional status is only
one of the many factors thatinflu
ence fetal growth. Therefore, com
binations of several indicators
thought to be associated with low
birth weight are used.

Health workers with little training
can easily detect the risk factors
listed below. The presence of one
or more of these factors usually
indicates that the woman should
be referred to higher levels of
care.

These factors include:
1. Age: over 35, or over 30 and

primiparous; under 15 (some
countries use age 18).

2. Obstetrical history: fifth or later
child; history of abortion, still
birth, or Caesarean delivery;
interval of less than one year
between pregnancies; previ
ous low birth weight baby;
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previous death of an infant;
hemorrhage or a history of
bleeding during pregnancy.

3. Appearance: severe pallor (a
sign of anemia- see following
section); general thinness or
wasting; loose folds of skin.

4. Other: smoking; alcohol con
sumption; occupation (heavy
manual labor during preg
nancy appears to reduce
birth weight); socioeconomic
status (care must be taken to
develop objective, quantifiable
measures of the latter).

A number of anthropometric
measures have also been used to
identify women at risk. Measures
that reflect the woman's nutri
tional status during her childhood
and prior to pregnancy are
weight before pregnancy, height,
and head circumference.

Those that are considered to
reflect her nutritional status or
dietary intake during pregnancy
are weight gain during preg
nancy and arm circumference.

While there is agreement that
both past and present malnutri
tion of pregnant women influence
fetal growth, more basic research
and field testing are needed to
determine the true significance
of the anthropometric measures
of nutritional status during preg
nancy. Further, taking anthropo
metric measurements of adults
presents certain problems. For
example, an accurate, easily
transportable, and inexpensive
scale for adults is not yet avail
able. Measuring height, head,
and arm circumference may be
more feasible, since the tools are
low cost and durable, but they re
quire training and standardiza
tion. Establishing standards and

determining meaningful cut-off
points for defining nutritional
status are also difficult. Inter
national standards may be used
for detecting malnutrition in chil
dren because these standards
represent potential for growth; but
for adults, definitions of normal
ranges will vary by region and
country. For instance, a project in
India considered women less than
145 em tall to be at risk, while the
corresponding figure in a Guate
malan project was 152 em.

The normal standard for a
woman's prepregnancy weight
depends on height. A weight
for-height by week of pregnancy
reference table has been devel
oped, but its usefulness depends
on accurate weighings and rea
sonable estimates of gestational
age. This table relies on stan
dards for women from the United
States, and considers any
woman whose measurements are
less than 100% of the reference
value to be at risk. Although this
table is new and requires further
field testing, it may be possible to
adapt it for use in other countries.
Generally, programs that have
scales"for monitoring weight gain
during pregnancyconsider a
woman who gains less than 5 or 6
kilos by the 24th week to be at risk.

Simple technologies for moni
toring fetal growth also exist.
Measuring uterine height is one
method. A tape measure of non
elastic material is color coded
with the upper and lower limits
of uterine height for the beginning
of the sixth, seventh, and eighth
months of pregnancy. To take the
measurement, the zero end is
held at the upper edge of the
pubis. Pressing lightly; the health
worker extends the tape to the
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child's growth card), and health
workers or the health center can
retain a duplicate. In addition to
basic biographical information
and a checklist of "at-risk" indi
cators' some cards record preg
nancy history, menstrual history;
tetanus immunization status, fam
ily planning methods, expected
date of delivery; and breastfeed
ing status. Indicators are often
assigned scores; the total score
of "overall risk" then determines
which appropriate actions can be
taken (e.g., referral, education). A
graph for plotting weight gain dur
ing pregnancy is often included. ,
Ideally; all married women
or women of childbearing age
(depending on what is culturally
appropriate) should be provided
with these cards, so that risk can
be determined before conception
or early in pregnancy:

center point of the uterine fundus,
and notes the color of the tape.
The measbrement can be done in
a woman's home.

Some projects use measurements
of uterine height, but without a
color coded tape, to monitor fetal
growth. A less-precise method
of measuring fetal growth, which
women can be taught to do them
selves, involves measuring the
height of the uterus in relation
to a woman's umbilicus using the
index and middle fingers. At five
months of pregnancy, the uterus
is at the height of the umbilicus.
Each month, the uterus moves up
a distance equivalent to two fin
gers width. More or less than this
.is a danger signal. A project in
China teaches· fathers to record
fetal movements and heart rate
four times a day and to measure
uterine height. This paternal

involvement is thought to con
tribute to "intrauterine bonding."

Assessment of the following group
of risk indicators may require
more highly trained health work
ers and/or n10re resources. These
are:
1. A twin pregnancy
2. Ankle edema or a history

of edema during previous
pregnancy

3. Jaundice
4. High blood pressure
5. Presence of infectious disease

such as malaria or tuberculosis
6. Protein or glucose in urine.

Women's cards, similar to a child's
growth chart, can be used to re
cord the,information obtained by
assessing and scoring risk. These
cards can be retained by the
mothers (even kept in the same
plastic envelope or bag as the

Which indicators to use depends
not only on the level of training
and resources available, but also
on the health problems of the
population of the area and the
characteristics of individuals and
the environment. It is not neces
sary to use complex cards with a
great many indicators. As women
are often seen only one time d ur
ing pregnancy; there is a need to
use indicators that can quickly
identify women at risk. A project
in Guatemala used only three in
dicators-maternal height, head
circumference, and "house score"
(a composite index based on a de
scription of the materials used in
building the walls and ceiling and
on the quality of the rooms). A low
"house score" was consistently as
sociated with low birth weight.
These were found to be very
cost-effective and simple mea
sures for detecting women at risk.
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Detecting Anemia and
Vitamin A Deficiency

Anemia

Anemia, the reduction in the con
centration of hemoglobin (or red
pigment) in the blood, causes
varying degrees of debility, which
interferes with an individual's
ability to carry out daily tasks.
Severe anemia during pregnancy
is associated with increased rates
of maternal morbidity and mortal
ity, as well as higher risk to the
fetus. Anemia usually results
when the body lacks sufficient
stores of iron or folic acid, needed
to produce red blood cells. Short
ages of these key building blocks
can be caused by dietary defi
ciency and/or by parasitic
infections such as malaria or
hookworm that involve red blood
cell loss. Bacterial infections and
hemoglobin disorders (like sickle
cell disease) also contribute to the
development of anemia.

Infants, and women in their
reproductive years, are especially
vulnerable to anemia. During the
last trimester of pregnancy, iron is
transferred to the fetus across the
placenta. A child born to.an
iron-deficient mother will proba
bly have insufficient stores of iron.
The rapid rate of growth of chil
dren increases their iron require
ments. Iron stores may be quickly
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depleted, even in a child born
with adequate iron levels.

In spite of the high prevalence
and negative health impact of
anemia in developing countries, a
simple, reliable, and inexpensive
method to detect anemia is not yet
available. Although there have
been many advances in the de
velopment of sophisticated instru
ments to detect anemia, the cost of
these technologies does not permit
their widespread use in primary
health care programs. In the
absence of an affordable detec
tion instrument, health workers
must rely on older, less reliable
methods.

One way to screen for anemia is
to examine the patient for signs of
pallor. The inner surface of the
lips and the inner side of the lower
eyelids are pale, light pink, or
white in anemic individuals. If it is
difficult to judge degrees of pallor,
a person suspected of being
anemic can be compared to a
healthy person whose normal
skin color is as dark or light as
that of the person being checked.
Also, standard color photographs
showing the lips and tongues of
healthy and anemic people can
be used for direct comparison.
The "anemiometer," a strip of
paper with three bands of differ
ent shades of red, is used to mea
sure mild, moderate, and severe
anemia. The health worker holds
it up to a person's inner eyelid and
matches the color. It should be
emphasized that these tests are
not very reliable, except in cases
of severe anemia.

The other common technologies
for detecting anemia-hemo
globin concentration and hema
tocrit - require laboratory

facilities, which may not be
available, and a blood sample,
which some people may object
to giving.

To measure hemoglobin concen
tration, a measured sample of
blood is taken from a finger prick
and mixed with a known volume
of diluting fluid. The depth of color
of the diluted blood is determined
in a spectrophotometer or color
imeter. Some photometers run
either on electricity or on current
from a car battery. The colorim
eter must be calibrated, and a
graph and table prepared for the
hemoglobin values. Alternately, a
comparator can be used. This is a
visual method where the test solu
tion is compared with a series of
colored glass standards that show
the concentration of hemoglobin.
Another approach is the Sahli
method, in which blood is diluted
in an acid solution, converting
hemoglobin to acid hematin.
The test solution is then matched
against a colored glass reference.
This method is often used because
it does not require expensive in
struments, but it is not an accurate
way of estimating hemoglobin.

The traditional unit for expressing
hemaglobin concentrations is
grams per 100 ml, with the follow
ing values considered as cut-off
points for defining marginal de
ficiency states: non-pregnant
women, 12.0 g/IOO ml; pregnant
women, 11. 0; men, 13.0; children
at birth, 13.5; children at one year,
11. 5; and children 10-12 years,
11. 5. The problem with such stan
dards is that there is no clear-cut
dividing line between normal and
iron-deficient people. What is
normal value for one person may
not be for another.
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The other eye signs associated
with vitamin A deficiency can
only be recognized by clinical
examination. Color photographs
and line drawings depicting the
changes in the eye, accompanied
by brief texts describing the
photographs, are the simplest
and most commonly used tools.
These can be used to train work
ers, who can carry these photo
graphs and drawings with them,
referring to them as they examine
a child's eyes (see drawing below
left). Film strips, slide shows, and
manuals are also available for
training and reference.

dren was very difficult to obtain,
because it required the child's
cooperation. A study in Indonesia
demonstrated that a history of
night blindness, elicited from a
child's parent or guardian, can be
valid evidence of vitamin A defi
ciency. The key to obtaining this
history is the existence of local
term(s) for the condition, such as
/Ichicken blindness./I Reports from
other countries indicate that, in
areas where vitamin A deficiency
is chronic, local terms usually do
exist. However, this technique of
history taking may not be valid
for cultures without such terms.
These findings merit further re
search, as this is a technique
which requires little training
and no clinical experience. Even
school children could be taught
to screen their younger siblings.

Another finding of the study in
Indonesia that is potentially useful
for identifying individuals and
groups of people at risk of xeroph
thalmia is the neighborhood clus
tering of vitamin A deficiency.
This also needs further research
in other countries.

Example of diagnostic
eye drawing showing
foamy Eitol's spot.

Simple techniques for assessing
vitamin A status and xeroph
thalmia should be part of primary
health care programs, especially
in areas where vitamin A defi
ciency is endemic. Because bio
chemical tests, although accu
rate, are not always practical,
primary health care workers need
to be trained to recognize the clin
ical signs of vitamin A deficiency.

early and reversible clinical signs
(night blindness, Bitot's spots, and
conjunctival xerosis), to severe
depletion with advanced and ir
reversible corneal changes and
a high probability of blindness.
Children with protein-energy
malnutrition, respiratory infec
tions, measles, and/or diarrhea
are at especially high risk of de
veloping vitamin A deficiency.
Recent research has found that
even children with mild xeroph
thalmia may have a much higher
mortality rate than children with
out apparent deficiency.

Night blindness is frequently the
earliest symptom of vitamin A de
ficiency and can even occur when
biochemical tests indicate that vi
tamin A status is adequate. Until
recently; an objective measure of
scotopic vision (ability to see in
the dark) in preschool age chil-

Neither laboratory tests nor clini
cal examination can give a pre
cise determination of the cause of
anemia-whether it is due to an
iron deficiency; other nutrient de
ficiencies, infection, hemorrhage,
or a combination of these. Further
blood tests may be needed.

Xerophthalmia is an eye disease
that results from vitamin A defi
ciency and is the primary cause of
blindness among children in the
developing world. Inadequate
vitamin A status can vary from
marginal deficiencies without
clinical signs, to the presence of

Vitamin A Deficiency

The hematocrit, or the packed cell
volume, measures the volume of
red blood cells in a volume of
blood. In the microhematocrit
method, a blood sample is taken
from a finger prick, allowed to
flow into a capillary tube, and

. centrifuged to separate the cells
and the plasma. The centrifuge
must be driven from a source of
electric power. The packed cell
volume is found by measuring the
length of the column of red blood
cells and expressing this as a per
centage of the total length of the
whole sample.
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Selecting a Technology
Program planners and managers
need to select the technologies
that are most appropriate for their
regions or countries. Choice of a
technology should be based on
the following considerations:
1. Prevalence and severity of

malnutrition at the local level
2. Goals of the program
3. Available resources
4. Cultural factors that may

influence the usefulness and
acceptability of the technology.

With these in mind the actual
measurement tools, the reference
population and cut-off points, and
the recording system can be deter
mined. In addition, a program
manager must decide which indi
viduals or groups to assess, the
frequency of assessment, and
how the results of assessment
will be used. It is often valuable to
combine two or more assessment
techniques. For example, various
anthropometric indices measure
different aspects of growth and
development-low weight-for
height (wasted) versus low height
for-age (stunted).

Once the appropriate techniques
have been selected, it is essential
that their use be properly man
aged in order to ensure cost
effective programs. This requires
thorough planning and organiza
tion, training of personnel, and
practical recordkeeping systems,
as well as rigorous supervision
throughout.

Local Nutrition Profile

In order to determine the preva
lence, severity, and causal factors
of malnutrition, it is useful to es
tablish a community nutrition pro
file and to quantify nutritional
risk. The profile should include
the severity and types of malnu
trition, the numbers, ages, and
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other characteristics of the people
affected, and any apparent sea
sonal patterns. Cultural factors
(such as weaning practices or
food taboos) and socioeconomic
factors affect food availability and
should be noted. Similarly, the
presence of diseases known to
cause or interact with malnutri
tion should be included. Com
munity nutrition profiles are
established in order to provide
baseline data, to highlight special
problems, to identify high-risk
or vulnerable groups, and to
evaluate the impact of a par
ticular intervention.

It may be necessary to use two or
more anthropometric parameters,
dietary surveys, and medical/bio
chemical tests. A well-designed
and implemented dietary
survey; using 24-hour recall or
dietary intake records, may yield
useful information, particularly
with regard to individual con
sumption, but it is relatively dif
ficult to carry out. If such survey
data are not available, a prelimi
nary assessment of a community's
nutritional status can be carried
out by primary health care work
ers using anthropometric mea
sures, observation of gross clini
cal signs of malnutrition, and
interviews about eating practices.
Even a limited survey; if focussed
on vulnerable groups like chil
dren under five and pregnant
women, can reveal general prob
lems or identify special local prob
lems, such as beriberi, rickets, or
goiter. For example, higher rates
of endemic goiter and cretinism
are associated with use of cas
sava as a staple food in some
areas.

The decision on whether or not
to undertake a comprehensive
dietary survey should depend on
the specific objectives of the pro-

gram, adequate personnel and
other resources, as well as proper
supervision of the study.

Program Goals

The purpose or objective of nutri
tional status assessment is gener
ally to identify those individuals
or groups who are at risk of nutri
tional or health problems. Once
these people have been identi
fied, different intervention strate
gies can be initiated, depending
on the goal of the program and
the resources available to it.

Techniques that identify people
in need of assistance can also be
used to evaluate the effectiveness
of an intervention. These methods
must be sensitive enough so that
changes may be detected over a
short period of time. Another pur
pose of nutritional status assess
ment technologies is to motivate
and educate families. Methods
used for education must be de
signed for easy understanding
and interpretation. Collection of
aggregate data on a whole com
munity; not just individuals, can
also be done. This requires care
in the design of records, so that
health workers, parents, and
statisticians can easily use them.

Available Resources

Resources include existing health
infrastructure, personnel, train
ing, and the costs and logistics of
utilizing a technology. A technol
ogy for nutritional assessment
should not identify more people in
need of intervention than can be
cared for, whether by medical
treatment, a supplement pro
gram, or nutritional education.
It is important to keep this in
mind when selecting a cut-off
point. If resources are scarce, a
conservative cut-off point should



be selected to ensure that those
people identified really are the
most severely malnourished or
can benefit significantly from the
intervention.

Program planners need also to
consider the degree of training
necessary to carry out assess
ment. The more risk factors to be
looked at and the more compli
cated the technology, the more

Technologies for nutritional status
assessment are important compo
nents of primary health care and
can be easily incorporated into
ongoing programs. By identifying
those individuals and groups at
highest risk of malnutrition, pro
gram planners as well as health
workers can make decisions
about the best allocation of scarce
resources. There are many inter
ventions that can be carried out at

A reference list and more infor
mation on any of the technologies
discussed in this issue are avail
able from PATH for those interested
in reading more about nutritional
status assessment.

D

Arm circumference tapes, growth
charts, and other nutritional
status assessment technologies
can be obtained from TALC.
Contact: Teaching Aids at Low
Cost, Institute of Child Health,
P.O. Box 49, St. Albans,
Herts. ALl 4AX, U.K.

D

The World Health Organization
has published a manual for train
ers of community health care
workers in nutrition. Guidelines

training health workers will need.
It is essential to develop plans for
in-service training and super
vision of health workers. Several
manuals and training courses in'
nutrition for primary health care
workers exist.

Cultural Factors

The availability of age data, the
degree of literacy of the popula-

the primary health care level to
reduce the health threats of mal
nutrition. These range from food
and vitamin supplements, such
as vitamin A capsules, to health
education. In fact, the best as
sessment tecpniques also offer an
educational component. At the
same time that high risk individ
uals are identified, patients, par
ents, and/or the community can
learn about the causes and con-

Materials Available

for Training Community Health
Workers in Nutrition (WHO Offset
Publication No. 59) outlines the
basic nutrition tasks of community
health workers, including the
assessment of nutritional status.
Learning objectives, training con
tent, and exercises for each group
of tasks are specified. To order this
publication, contact the WHO
Regional Office or write to WHO,
Distribution & Sales Service, 1211
Geneva 27, Switzerland.

D

The International Vitamin A Con
sultative Group (IVACG) and the
International Nutritional Anemic
Consultative Group (INACG) were
formed to guide international ac
tivities aimed at reducing vitamin
A deficiency blindness and nutri
tional anemia. Several reports of-

11

tion, and the significance at
tached to various colors used to
code degrees of malnutrition are
examples of some of the cultural
factors that could influence the
decision on which technology to
select. The local attitude towards
taking blood samples and the
prestige associated with a certain
technique can also affect the ac
ceptability of given technologies
within a community:

sequences of malnutrition and the
steps that they can take to prevent
it. Although additional appropri
ate assessment methods are
needed, and many of the existing
technologies require further field
testing, the available assessment
techniques are a first step to im
proving nutrition in developing
countries.

fering guidelines and recommen
dations and reviewing'current
knowledge on these deficiency
diseases can be obtained from the
Nutrition Foundation, 888 Seven
teenth Street, N. W, Washington,
D. C. 20006. Single copies are free.

D

A series of training materials on
the recognition, treatment, and
prevention of vitamin A deficiency
has been prepared by Helen
Keller International in coopera
tion with the Nutrition Foundation.
Filmstrips, flipcharts, manuals,
and color slides are designed for
health workers at all levels. They
are available in English,. French,
Spanish, Bengali, and Creole.
For more information, contact:
Helen Keller International, Inc.,
22 W. 17th St., New York, NY 10011.
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. We encourage readers 'to send
'in ideas and quest.!.OI1R reloted
to their experiences with health
technology. ...,. .', ~',
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World Neighbors has develOped
teaching materials on thesubject
of medIcinal plants. Six filmstrips,'
four posters, and a newsletter:
provide information on identifica- -.
tion and use of selected medicinal'
plants, based mainly on experi
ences of practitioners oftradi-'
tional medi~~R!l.~.q;tr.i~,~h1lippines.

..!,h~~w.i:r't3fset of filmstrips, Under
standing Medicinal Plants, and
the user's guide, are available for
US $50.00. For information write:
World Neighbors, Development
Communications, 5116 North Port
land Avenue, Oklahoma City, OK
73112 U.S.A.

OXFAM and LEPRA (The British
Leprosy Relief Association) have
produced a packet of 25 docu
ments for teaching and training
on leprosy: The English language
material includes textbooks, color
slide self-teaching sets, and other
publications and reprints. In
quiries on the current cost of the
packet should be sent to:
Medical Care Unit, OXFAM,
274 Banbury Road, Oxford, OX2
7bz, U.K.

•
The next issue of DIRECTIONS
will look at technologies for
perinatal health care, including
home delivery and midwifery kits,
simplified birth and prenatal care
records, and support materials.
If you have any comments or
suggestions on these topics,
we would like to hear them~

Update on Gonorrhea Treatment.
New guidelines on gonorrhea
treatment have been announced
in a recent Report of a WHO Con
sultative Group. The tetracycline
regimen reported in the last issue
of DIRECTIONS has now been
modified to extend for 7 days in
stead of 4Yz (500 mg by mouth 4
times daily). The report, "Current
Treatments in the Control of
Sexually Transmitted Diseases"
(WHO/VDT/83.433), includes
treatment recommendations for
Chlamydia trachomatis, syphilis,
chancroid, and a variety of
other STDs. It also discusses
antimicrobial resistance in
N. gonorrhea and the manage
ment of PPNG. To obtain a copy of
the report, write: WHO, Bacterial
and Venereal Infections Unit, Divi
sion of Communicable Diseases,
CH 1211 Geneva 27, Switzerland.

Time to Evaluate

DIRECTIONS has been published
for more than a year now, and it
is time for us to evaluate whether
or not we are achieving our goals
and how we might improve. Our
new, more compact size (starting
with this issue) is one effort on our
part'to develop a more convenient
format for our readers. Enclosed in
this issue (for a randomly selected
sample of our readers) will be
a brief questionnaire designed
to help us assess ourpublication.
If you have not received a ques
tionnaire, we would still welcome
your comments and suggestions.
However, we particularly urge
those of you who receive question
naires to fill them in and return
them to us as soon as possible.

directions / Third Quarter'; SSG
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Technologies for Pregnancy Care
Although the majority of births
in the world occur in developing
countries, the rates of maternal
and perinatal mortality and mor
bidity are disproportionately high
in many of those countries. Ma
ternal mortality (death from
pregnancy-related complications)
is the main cause of death among
women of reproductive age, and
in some areas represents as much
as 10 percent of overall mortality:
Further, it is estimated that, if cur
rent rates do not decrease, 40 mil
lion perinatal deaths will occur in
the developing world before the
year 2000. Even when perinatal
problems do not lead to imme
diate death of the fetus or infant,
they often compromise the infant's
subsequent chance for survival
and healthy development. Much
of this mortality and morbidity
could be prevented through
antenatal care.

Recognizing and managing the
high-risk pregnancy is an impor
tant concept in primary health
care. The application of this con
cept to the organization of ante
natal health services requires that
basic care be provided to all preg
nant women and that special at
tention be given to those women
who need it more. By identifying
women who are at higher risk of a

Volume 4, Number 1

poor pregnancy outcome I health
workers can focus effectively on
the interventions needed to im
prove the chances of favorable
outcomes.

Technologies that can help
prevent or minimize the compli
cations of pregnancy are a key
aspect of antenatal care. Some of
these technologies are hard; that
is, they involve equipment and
drugs needed to provide care.
Hard technologies include both
diagnostic tools and medications
used for treatment. Soft technol
ogies-to promote and facilitate
the use of hard technologies
are also needed. Examples of soft
technologies include checklists
or scoring systems for risk assess
ment, records on individual care
and the health problems of the
population, and support materi
als to promote healthy practices
during pregnancy and to train
health workers.

This issue of DIRECTIONS looks
at available technologies for
antenatal care and points out
where new and improved ones
are needed. The following cate
gories of risk and actions and
their associated technologies
are reviewed:

ISSN: 0730-8620

1. Basic Care
for All Women

2.. Risk
Assessment:
Potential
Danger

3. Immediate
Danger:
Immediate
Action

The last section discusses aspects
of program management, includ
ing goals, intervention strategies,
record keeping, and training and
supervision.

First Quarter 1884
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Basic Care for All Women

All pregnant women should have
access to basic antenatal health
care. The availability of such care
allows high-risk groups and indi
viduals to be detected.

One of the most important aspects
of basic antenatal health care is
advice on how the pregnant
woman can keep healthy: The
importance of a good diet (with
foods rich in iron, folate, and cal
cium), of personal and domestic
hygiene, and of rest and sleep
should be emphasized. Pregnant
women should also be taught
ways to prevent or relieve the
minor discomforts of pregnancy:
Women should be told which
conditions are normal during
pregnancy and which ones are
signs of danger. For example,
vomiting during the first three
months of pregnancy is common
and is not a cause for concern;
persistent vomiting after this time,
however, requires immediate
attention. Similarly; although
edema (swelling due to fluid re
tention) is common in pregnancy;
women should be informed that
severe swelling is a sign of
danger to both the mother and
the fetus and requires medical
care. Health workers should also
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discuss the importance of avoid
ing contact with others known to
have infections such as tubercu
10sis; During antenatal visits,
preventive health education on
related topics (like birth spacing)
to improve future pregnancy out
comes can be initiated as well.
Even a woman with a normally
progressing pregnancy should
be encouraged to visit a health
center for at least one routine
check by another, more highly
trained health worker.

Because neonatal tetanus is a
leading cause of neonatal mortal
ity in many developing countries,
an essential component of ante
natal care in those countries is
tetanus immunization. With
tetanus immunization, maternal
antibodies pass across the
placenta, providing passive pro
tection to the newborn. Studies in
developing countries have dem
onstrated that maternal immuni
zation is a very effective way to
reduce or eliminate deaths from
neonatal tetanus. (Clean delivery
techniques, to be discussed in the
next issue of DIRECTIONS, can
also prevent tetanus.)

In most areas where the incidence
of neonatal tetanus is high, few
women have received immuniza
tion prior to pregnancy: Unless
adequate documentation of pre
vious immunization is available,
all women should be given two
injections of adsorbed tetanus
toxoid during their first preg
nancy: The ideal schedule for
un-immunized women is to pro
vide the first dose in the fifth
month of pregnancy and the sec
ond at least six weeks later but not
later than four weeks before the
expected date of delivery: How
ever, because women often do

not seek prenatal care until late
in pregnancy; it may be difficult to
follow this schedule. Shorter inter
vals between doses and between
the last dose and the date of de
livery will lead to lower levels of
protection but should be used if
necessary: Satisfactory protection
can be achieved with two doses
four weeks apart, with the second
at least two weeks before delivery:
Additional (booster) doses can be
given with each pregnancy or up
to five years after the primary
series. A fourth dose within ten
years may be enough for lifelong
protection.

Another approach to the preven
tion of neonatal tetanus through
immunization programs is to im
munize all women of childbearing
age. As above, two doses at least
one month apart should be given.
When mass immunization pro
grams are carried out, women
should be given a record that in
dicates the number and dates of
doses given.

The existence of a vaccine that
would provide immunity after a
single dose would greatly facili
tate the provision of antenatal
care in -developing countries.
Although experiments with
singIe-dose tetanus toxoid prep
arations have been carried out,
further research is needed to con
firm the safety and effectiveness
of. these preparations.



3

Risk Assessment: Pofential Danger

TABLE I
SAMPLE RISK FACTORS *

Age Usually over35, or over 30 and primiparous
Under 19

Obstetrical history Usually five or more children
First child
Less than 24 months since last delivery
Previousobstetrical complications,

especially Caesarean section, perinatal
deaths, low-birth weight baby, etc.

Medical history Diabetes, heart disease, renal disease,
psychoses, etc.

Maternal Possibility of twins
characteristics Deformities of the legs and pelvis

Short stature
Smoking
Alcohol consumption
Illiteracy
Performs heavy manual labor

*The cut-off points or norms for each factor must reflect local condi-
tions and available resources.

At the same time that pregnant
women are receiving basic ante
natal health care, they should
also be assessed for factors that
can indicate potential danger or
complications at the time of deliv
ery. Actions (including referral)
can be taken at the primary care
level to minimize the complica
tions to which these factors may
often lead. Long-range programs
or social interventions beyond the
usual boundaries of health care,
such as multisectoral programs to
increase food production and im
prove food storage and distribu
tion, may be what is needed to
reduce or eliminate these factors.

Most risk factors are related to a
woman's reproductive history or
her personal characteristics.
Table 1lists examples of such risk
factors, some of which can be de
tected through history-taking at
any point during pregnancy and
even prior to pregnancy.

Other risk factors require physical
assessment, including abnor-
mal presentation of the fetus
(breech or transverse lie) late in
pregnancy and the possibility of
twins. All health workers should
be trained to conduct an external

examination of the abdominal
area using touch (palpation) and
be taught that it is the size and
position of the fetus that is impor
tant, not the size of the uterus. If
twins, a large baby in relation to
the pelvis, malpresentation, or
any abnormality are suspected,
the woman should, wherever
possible, be referred to a midwife
or physician for delivery.

Abnormal presentation is more
common in premature deliveries
and multiple gestations. Because
fetuses in the breech position
often turn to the normal vertex
position by the thirty-fourth week
of pregnancy, referral to a health
center for delivery should be

made only if the malpresentation
is still present after that time.
Rates of twin delivery are much
higher in African countries
(32/1,000 live births in Ghana as
opposed to 10 to 13/1,000 in India,
for example). This is of practical
importance, since health workers
in those parts of the world where
twins are more common will need
more skills to identify; manage,
and deliver twin pregnancies.

Risk factors are often arranged as
checklists or indices for determin
ing overall risk. Some indices
have scoring systems, where dif
ferent weights or scores, represent
ing the different degrees of risk
involved, are assigned to each fac-
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tor. An epidemiologic assessment
of a given population should be
conducted to identify the degree
to which factors are actually as
sociated with an increased risk of
pregnancy-related problems (see
page 10 for a discussion of the
Population Attributable Risk ap
proach to setting program
priorities). Health workers add the
weighted factors to get an overall
score. Cut-off points for the total
score are set to determine those
women needing immediate
referral to a midwife or physician
or those to be booked at a hospital
or health center for eventual
delivery. Because most indices
were developed for use in a spe
cific population, they invariably
require modification to reflect
local conditions and available
resources.

An alternative to a scoring system
is a checklist of risk factors, which
is more feasible in a primary care
setting. Village health workers
and traditional birth attendants
can use checklists to carry out a
preliminary selection of women
at risk. A simple checklist should
include questions about age and
reproductive history as well as
indicators of potential cephalo
pelvic disproportion at term
(height, and deformities of the
legs and pelvis). As with scoring
systems, the significance of par
ticular factors will depend on
local conditions.

Another approach to deciding
how to allocate resources on the
basis of risk is to identify high-risk
groups or communities rather
than individual women at risk.
Particularly in urban and periur
ban areas, where inadequate
water and sanitary facilities and
crowded housing are frequently
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found, there may be certain
neighborhoods that are priority
areas for intervention.

When modifying an existing scor
ing system or checklist or when
developing a new one, there are
several points to consider. First,
the end-point or undesirable out
comes for each factor or group of
factors must be specified (Le., low
birth weight, perinatal mortality,
and/or maternal complications).
The specified outcome should be
one that is possible to treat and
prevent, as well as important to
society. Further, the checklist or
scoring system should not be so
complex that it is difficultor time
consuming for a health worker to
administer or understand. When
indicating the kind of action to
take in cases of high risk, it is im
portant to specify the ideal timing.
It is not helpful to identify a
woman at high risk when it is too
late to provide care for her. In ad
dition, the kinds of resources
available for management
of women at risk should be
evaluated. If existing referral
resources and personnel are
sufficient to serve only 20 percent
of all pregnant women, for exam
pIe, the list or total score indi
cating risk should be adjusted to
identify the 20 percent most in
need of referral services. If treat
ment is not possible or appropri
ate referral facilities are not
available, there may be little
benefit in classifying a woman
as high-risk.

In order to make decisions about
which factors to include in a
checklist or scoring system and
the weight to assign to each, local
epidemiological data on the fre
quency of health problems and
their associated factors is needed.

It may be feasible to design a
checklist or scoring system based
on discussions with health work
ers and local leaders. However,
such measures of risk are often
arbitrary, and when tested pro
spectively do poorly at distin
guishing those women with a
negative pregnancy outcome
from the rest of the population.

Once an index or a checklist has
been developed, it is important to
evaluate its usefulness, or its va
lidity. That is, how well does the
index measure high risk among
those who are truly at risk (sen
sitivity) and how well does the
index define risk only where it
exists (specificity)? Most indices
are conservative (that is, the cut
off point is set low) and tend to
misclassify women who are not
at risk as high risk (false positive).
This may mean an unnecessary
use of scarce resources. On the
other hand, if the cut-off points
were raised to reduce the number
of false positives, women needing
special care might not be iden
tified (false negatives), which
could result in increased morbid
ity and mortality: There is always
a compromise between the sen
sitivity and the specificity of any
diagnostic tool, which must be
taken into account when deter
mining cut-off points.

This step, of evaluating the use
fulness of an index, is often over
looked. When it has been done
with existing sophisticated scoring
systems, it has been found that as
much as 50 percent of all women
were identified as high-risk
patients, and that among this 50
percent, as many as 90 percent
are false positives (not truly at
risk). Such inaccurate scoring
systems can greatly increase the
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A health worker in Colombia measures fundal height.

costs of providing antenatal care
without any significant reduction
in morbidity or mortality:

Finally; it should also be kept in
mind that many poor pregnancy
outcomes are unpredictable.
Some researchers have sug
gested that it is very difficult to
predict which infants are really
endangered until labor has
begun. Including intrapartum
indicators (factors which can
be determined after labor has

begun) greatly improves the pre
dictive values of a scoring system.
Unfortunately; unless a woman is
already at or near a health center
or hospital for delivery; or emer
gency transportation is available I

there may not be sufficient time
to initiate the proper actions.
Several countries I including Zim
babwe I have established low-risk
maternity facilities close to hos
pitals to facilitate emergency
transfer.

In spite of the shortcomings of
these indices I checklists and
scoring systems of at-risk factors
can improve antenatal care by
serving as a screening mecha
nism and by standardizing refer
ral patterns I thereby enabling a·
higher proportion of the pregnant
women lIat-riskll to receive special
care during their pregnancies.
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Immediate Danger: Immediate Action

Pregnant women, especially
those in the last three months of
pregnancy, should always be
checked for signs of immediate
danger so that early or emer
gency treatment can be provided.

Eclampsia and
Preeclampsia
Toxemia, also known as pre
eclampsia, is one of the most
dangerous conditions of preg
nancy. During the last trimester
of pregnancy, preeclampsia can
progress rapidly to eclampsia
(convulsions and coma), threaten
ing the life of both the mother and
child. While the causes of this
condition are not known, primi
parous women, women carrying
twins, young adolescent women,
and overweight women all have
a greater risk of developing it.

The warning signs of toxemia are
not difficult to detect and should
not be ignored. Edema (fluid re
tention) in the ankles and espe
cially in the hands or face is often
the earliest and most obvious
sign. Health workers should
check to see if the ankle edema
persists after a woman has been
lying down on her left side for
some time. Another way to check
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edema severity is to press a finger
into the area and observe for an
indentation or "pit" that remains.

Additional symptoms of toxemia
that can be detected at the pri
mary care level are severe
headaches, upper abdominal
pain, vomiting (late in preg
nancy), dizziness, blurred vision,
or any indication of fits (convul
sions). A pregnant woman with
any of these symptoms should be
referred immediately to the mid
wife or health center.

Two other signs of toxemia, which
require special equipment and
additional training, are the pres
ence of protein in the urine (pro
teinuria) and a rise in blood pres
sure. Specially prepared and
easy-to-use dipsticks are avail
able to check for proteinuria;
alternately; a laboratory test can
be carried out (see box). A protein
level greater than 0.5 glliter is a
sign of severe preeclampsia. Lim
ited resources may require that
these tests be conducted only on
those pregnant women who have
been referred to a health center or
hospital because one or more of
the physical signs of preeclamp
sia was found. A sphygmoma
nometer and a stethoscope are
needed to measure blood pres
sure; electronic devices for mea
suring blood pressure that do not
require a stethoscope have been
developed, but their accuracy
is questionable. Diastolic blood
pressure that remains above
90 mm of mercury even after the
woman has had a rest period
indicates the need for referral
and treatment.

In the case of preeclampsia, rest,
reduced salt intake, decreased
work load, and careful observa-

tion by a health care worker are
recommended. In more severe
cases, treatment may include
sedation, intravenous solutions,
medication to reduce blood pres
sure, and referral for Caesarean
section if necessary.

Anemia
In some developing countries, as
many as 80 percent of pregnant
women have been reported to
have anemia (a reduced concen-



tration of hemoglobin or red pig
ment in the blood). An essential
component of antenatal care,
therefore, is the prevention, de
tection, and treatment of anemia.
Severe anemia during preg
nancy is associated with growth
retardation (low birth weight),
increased rates of late fetal death
or stillbirth, and maternal compli
cations, such as congestive heart
failure, stroke, and infection.
Even mild to moderate hemor
rhage in an anemic woman can
have severe consequences.

Anemia during pregnancy is
often due to a combination of fac
tors, but nutritional deficiencies
(usually iron) and malarial infec
tion are the most important. Other
causes are parasitic infections
such as hookworm, bacterial in
fections such as tuberculosis, and
inherited red blood cell disorders
such as sickle cell disease or the
various thalassemic syndromes.

health workers should suspect
anemia and refer the patient to a
health center for further diagnosis
and/or treatment when the follow
ing signs are present: extreme
pallor, especially of the lips,
tongue, fingernails and inner
eyelids; weakness; fatigue; or dif
ficulty breathing after exertion.
None of these diagnostic tests
can establish the actual cause
of anemia. In primary care set
tings where individual diagnosis
may not be feasible, it is prob
ably better to establish the major
causes of anemia through small,
well-designed population surveys
and then treat individuals on
the basis of the local group
information.

The first step in the prevention
and treatment of nutritional
anemia is to e~courage all preg
nant women to eat a diet rich in
iron-containing foods. However,
when iron reserves are depleted
by closely-spaced pregnancies
and poor general diet, it is difficult
to replenish iron stores with diet
alone. Additional supplementa
tion can be provided by adminis
tration of oral iron preparations,
such as ferrous sulfate or ferrous
glutamate. Many months of oral
treatment are required to re
plenish iron reserves-generally
120 mg ferrous sulfate tablets
taken once a day for 10 to 15 weeks
is sufficient, although the dose
needed may vary.

7

A simple, inexpensive and reli
able technique for detecting
anemia under field conditions is
not yet available. A simplified
hemoglobinometer has been de
veloped at the Caribbean Food
and Nutrition Institute but must
still undergo field testing. Anemia
is usually detected through
laboratory tests of hemoglobin
concentration or by measuring
the hematocrit or packed cell vol
urpe. (See DIRECTIONS, Third
Quarter 1983, for more details on
techniques for detecting anemia.)
The WHO suggested lower limit
of normal hemoglobin concen
trations for pregnant women is
11 g/dl (dl = 100ml); the lower limit
for the hematocrit is 33 percent.
Recent studies have suggested
that an old method using copper
sulphate to determine hemoglo
bin concentration merits renewed
attention. The test is quick and
easy to perform (see box).

Where the technologies to con
duct these tests are not available,

Hemoglobin
concentration g/dl Action to be taken

Specific Gravity 1.0477*

Drop sinks more than 10 g/dl One 200 mg tablet
ferrous sulfate per day

Drop is suspended equal to 10 g/dl One 200 mg tablet
ferrous sulfate per day

Drop floats on surface less than 10 g/dl Repeat screening in
Solution II

Solution II Specific Gravity 1. 0435*

Drop sinks more than 8 g/dl and Three 200 mg tablets
less than 10 g/dl ferrous sulfate per day

Drop is suspended or less than or equal to Three 324 mg tablets
drop floats on surface 8 g/dl ferrous fumarate and

5 mg folate per day

The solutions are reusable; drops of blood remaining at the bottom of the
containers will not affect subsequent testing.
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For women who are not seen by
health workers until late in their
pregnancy, iron stores'can be
replaced with less delay by ad
ministering the iron parenterally.
The intravenous route is recom
mended over the intramuscular
when possible. Both methods are,
however, occasionally associated
with serious side effects, including
anaphylac~icreactions. Injected
preparations are also more ex
pensive, but they do eliminate the
need for multiple visits to a health
center. Because of the risk of side
effects, though, their use in pri
mary care programs is only rarely
justifiable.

Research is being conducted on
the use of slow-release types of
oral iron preparations that have
fewer side effects and require less
frequent administration. At pres
ent, however, the cost is much
higher than that of conventional
iron compounds.

In areas where the prevalence of
nutritional anemia is high, it is
often the policy to proyide all preg
nant women with iron and folate
supplements. If an iron supple
ment is to be used routinely in a
prenatal program, a pilot study
carried out in a representative
sample of women can be helpful
in determining the optimum
dosage.

Women should always be told of
possible side effects of iron sup
plementation, particularly
nausea, vomiting, diarrhea, and
constipation. These complaints
are dose-related; taking the
iron together with a meal can
decrease their frequency. This
will, however, reduce the ability
of the body to absorb the iron.
High consumption of tea also
reduces the body's absorption
of iron. The patient's stools will
become black, and this discolora
tion may be disturbing to some
women. Finally, it may be diffi
cult to ensure that women take
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the medication daily, especially
if side effects occur.

When causes other than nutri
tional deficiency contribute to
anemia, treatment must be
directed to the condition itself to
alleviate the anemia. Appropri
ate medication for malaria (see
below), hookworm, and bacterial
infections are usually available
at health centers. There is no spe
cific treatment for anemia caused
by the inherited blood disorders, ,
except transfusion of packed red
blood cells. In the case of thalas
semia major, providing women
with iron supplements may lead
to toxic iron overload.

Malaria
Malaria is common in many parts
of the world. Not only does it con
tribute to anemia, but mothers
with malaria are more likely to de
liver low-birth-weight babies. The
effects of malaria on partially im
mune women and nonimmune
women and their babies differ,
however. Among partially
immune women (from endemic
malarial areas), the most serious
consequence of malarial infection
is anemia. Among nonimmune
women (who previously resided
in nonmalarious areas or who
live in areas of nonstable
malaria), untreated malaria can
lead to death. In areas where

malaria is endemic, routine
malaria prophylaxis for nonim
m une women should be initiated.

In most cases, a single dose of
600 mg of chloroquine will elimi
nate fever and reduce the para
site load. In areas where the
malaria is chloroquine-resistant
(see DIRECTIONS, Second Quar
ter 1983, on Drug Resistance), the
options for prophylaxis and treat
ment are less clear-cut. The effects
of the malaria must be weighed
against the effects of the drugs
(Fansidar, quinine), whose s'afety
in pregnancy have not been
established.

Other Dangers
Aside from the fact that blood loss
can contribute to anemia, vaginal
bleeding during the last part of
pregnancy may be a critical
warning sign of placenta previa,
where the placenta occupies the
lower part of the uterus, or abrup
tio placentae, where the placenta
partially separates from the
uterine wall before delivery. Vagi
nal bleeding early in pregnancy
may be a warning of impending
abortion. Any pregnant woman
reporting such bleeding should be
referred immediately to a health
center or hospital.

Some dangerous pregnancy
related conditions, such as
female circumcision, are limited

~ to certain regions of the world.
c
~ Female circumcision can cause
~ obstructed labor and lead to
~ uterine rupture, endangering
co
C both the mother and the fetus. It is
~co very important that antenatal care
6' include steps to detect, refer
"* and/or treat, as indicated, such
"0
a3 culture-specific conditions.
co
~

Sexually transmitted diseases
(STDs), especially syphilis,
gonorrhea, and Hepatitis B, are
other examples of dangerous
conditions that may not be prob
lems in all parts of the world.



TAKE IRON AND FOLIC ACID TABLETS

Gonorrhea and syphilis can have
seriousconsequences for the de
veloping fetus or newborn child.
When facilities are available,
screening tests can be carried out
and antibiotic therapy initiated.
At the primary care level, as
with anemia, the population or
epidemiologic approach is prob
ably the most effective. A small
study to determine the prevalence
of STDs among a population and
to define any characteristics that
identify a high-risk group can
be used as the basis for general
treatment recommendations.
Hepatitis B has been suggested as
the most common cause of mater
nal deaths in developing coun
tries. While expensive and sophis
ticated technologies are needed
for a definitive diagnosis, all
pregnant women with jaundice
(yellowness of the skin and con
junctiva) require referral. A new
vaccine for Hepatitis B is currently
undergoing field trials.

Dangers to the Growing
Fetus
Other danger signs during preg
nancy include decreases in fetal
movements and fetal heart
sounds. Fetal movements can
usually be felt by the fourth month
of pregnancy. Most healthy
fetuses will move at least 10 times
in 12 hours. Mothers can be en
couraged to monitor fetal move
ments by counting the first 10 kicks
of the fetus during a day and not
ing the time of the last kick. If the
tenth comes later and later each
day, the fetus may be in danger.
Fetal heart sounds can usually
be heard beginning with the fifth
month of pregnancy. Fetoscopes,
or hollow tubes that are narrower
at one end where the ear is
placed, can be used to detect the
heartbeat. These tools can be
made locally from wood, fired
clay, plastic cones and other
materials. Fetal heart beats can
also be heard by placing one's
ear directly against the woman's
abdomen over the fetal shoulder.

Husbands or other family mem
bers can be taught to monitor fetal
heart rates as well. The normal
fetal heart rate is 120-160 beats per
minute; anything less, and the
health of the fetus may be in
danger. During the last month of
pregnancy, a fetal heart sound
heard above the woman's um
bilicus may mean a breech pre
sentation. Also, if no heartbeat is
heard after repeated attempts, the
woman should be referred.

Monitoring fetal growth to detect
growth retardation is another im
portant element of antenatal care.
Measuring fundal height is one
simple method. This can be done
using a nonelastic tape, marked
in centimeters, or with appropri
ately colored segments indicating
the upper and lower limits of
uterine height for the last three
months of pregnancy. Health
workers will need to estimate the
duration of pregnancy to assess
fetal growth. If a woman does not
know the date of her last men
strual period, other methods of
estimating gestational age can be
used. About the twenty-fifth week
of pregnancy, fetal parts can be
felt through the abdominal wall.
From the twentieth to the thirty
fourth weeks of pregnancy, the
gestational age in weeks is
approximately the same as the
fundal height in centimeters, if
growth is progressing normally.
Any time that fetal growth retar
dation is suspected, especially

~

~ when it occurs in combination
~ with other signs of fetal danger,
~ the woman should be referred
U for assessment and treatment.
.2
t5
.~ Maternal malnutrition presents
0: another danger to the developingor:
-5 fetus as well as to the mother. It is
CZ difficult to assess the nutritional
~ status of a woman with a single

measurement (see DIRECTIONS,
Third Quarter 1983, on Assessing
Nutritional Status). Some pro
grams have used arm circumfer
ence to detect maternal malnutri-
tion, but its predictive value with
regard to pregnancy outcome is a
subject of controversy. Monitoring
weight gain during pregnancy
is another method, but prepreg
nancy weight and an accurate
scale are needed to do this.

Women who have had many chil
dren at closely spaced intervals,
women with diseases such as
tuberculosis, malaria, diarrhea,
and parasitic infections, and
women from.cultures that have
beliefs that prevent them from
eating nutritious foods during
pregnancy are at a high risk of
malnutrition. Heavy work loads
and other energy-using activities
also increase the nutritional
needs of pregnant women and
may reduce fetal weight gain.
Women who are extremely thin,
with loose folds of skin, are
probably very malnourished.
Providing such women with food
supplements during pregnancy
and lactation may improve the
birth weight and chances of sur
vival of the child. The kind of
supplement (whether mainly pro
tein or energy) and the amount
should be determined after taking
into account the nature of the
most common nutritional prob
lems of the local population as
well as the resources required for
carrying out a supplementation
program. The value of supple
mentation during pregnancy is
still not well-documented; more
research is greatly needed.

9
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Program Management

Although the major emphases
of antenatal care are similar
throughout the developing world,
each country needs to develop its
own strategy for implementation
and to determine what the content
of care will be. It may also be
necessary to develop individual
approaches for different regions
within a country. Planning and
establishing an antenatal care
program (or the antenatal com
ponent of an overall maternal
and child health program) that
makes the best use of available
technologies and resources while
meeting local needs requires a
clear statement of program goals.
Goals can be determined by an
assessment of local health prob
lems and the selection of priori
ties. Once the goals of a program
have been set, decisions about
the best intervention strategy can
be made, after considering the
costs and benefits of different
actions. Information on health
problems, service utilization, and
the availability of resources is a
basic need for the development,
as well as the ongoing monitoring
and evaluation, .of local strategies.

Selecting Priorities for
Intervention

Most of the undesirable outcomes
of pregnancy (perinatal and ma
ternal mortality and morbidity)
and their associated causes and
risk factors (low birth weight,
anemia, or birth trauma, for
example) are widespread occur
rences. The selection of priority
health problems is based on sev
eral criteria, including preva
lence, seriousness, manage
ability; and level of community
concern. For each health prob
lem, each criterion needs to be
assigned a weight, which is then
added or multiplied to give a rank
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order. Most frequently; weights
are assigned on an intuitive basis.
Where adequate statistical data
exist, though, it may be possible
to do this using the concept of
Population Attributable Risk.
Population Attributable Risk per
cent (PAR%) refers to the propor
tion of all cases of a disease (or
of a particular outcome such as
neonatal death) in a given popu
lation that are attributable to a
particular factor. It reflects both
the relative risk associated with
the factor and the frequency with
which the factor occurs in the
given population. Using this con
cept, a particular factor that is
both dangerous (for example,
neonatal tetanus), and accounts
for much death would rank as
a high priority for intervention
efforts. PAR% is calculated as

Incidence of disease (or
outcome) among those
exposed to factor
---------- x 100
Overall incidence of disease
(or outcome) from all
causes

Finally, the selected priorities
need to be examined in relation
to overall national health policies
and priorities.

In addition to ranking the biologi
cally definable outcomes (peri
natal mortality; for example),
program planners and managers
may want to look at "service out
comes" for defining priorities for
intervention. Service outcomes
are measures of the utilization
and coverage of health services,
such as the number of antenatal
visits made or the number of
women receiving two doses of
tetanus toxoid. Although such
numbers are not strictly related

to health status, it is usually as
sumed that an increase in the use
of health services will result in
improvements in the health of the
population.

This process of selecting priority
health problems for intervention
provides the information neces
sary to set program goals. Each
goal should identify the outcomes
or risk factors that are to be im
proved by the intervention.
Specific objectives that reflect
program goals should be ex
pressed numerically to allow for
program evaluation, to assess
whether changes in practices
or reallocation of resources are
needed.

Developing Local
Strategies

After goals have been set, the
best strategy for intervention can
be determined. This will depend
on the available resources, in
cluding personnel, facilities, and
equipment, and on the organiza
tion of services, particularly the
ability to supervise, maintain
supplies, and facilitate referral. In
areas where primary care is pro
vided by health workers with little
training, such as traditional birth
attendants (TBAs) and village
health workers, a basic compo
nent of antenatal care is the early
recognition of danger signs and
risk factors on the basis of history
and clinical observation. The
provision of information on the
importance of tetanus immuniza
tion and healthy practices during
pregnancy should be the other
major emphasis. Where more
highly trained personnel are
available, such as nurse
auxiliaries or nurse-midwives, the
content of antenatal care can be
expanded and referral patterns



modified. Outlining the overall
strategy requires a definition of
the tasks to be performed at each
level of care, as well as a specifi
cation of how and when they will
be performed and by whom. Such
detailed outlines of p~ogram op
erations can serve as a basis for
training and supervision. These
explicit statements, along with the
numerically defined objectives,
also provide the criteria for
monitoring and evaluating the
program.

BABY'S POSITION

I~I \~~~
o NORMAL o TRANSVEIlSE

I~I
I

r§\
o BREECH o TWINS

Example of part of pictorial
antenatal care record.

Maintaining Records and
Providing Support
Materials
A record-keeping system is an es
sential component of an antenatal
intervention strategy. Carefully
designed records enable program
managers to identify the health
problems·of the population,
monitor the use of health services,
and evaluate the outcome of an
intervention. They also serve as
action guides for health workers,
indicating the important questions
to ask, the risk factors to detect,
and the actions to take for the care
of individual women. Records can
also be used as educational tools
for mothers by printing on them

messages and symbols that rein
force advice about proper care
during pregnancy. A separate
record of antenatal care is not
necessary. It is most practical to
include the events of the antenatal
period in an overall "mother's
card" that covers care through
pregnancy, delivery, and the first
month postpartum. A new WHO
"home-based" mother's card has
space for several pregnancies
and intervening contraceptive
use. These simple mother
retained cards are now being
tested in Fiji, India, Mexico,
Panama, and the Philippines.
Such cards facilitate continuity
of care as well as the evaluation
of the results of an intervention.

Information for women on care
during pregnancy is an important
component of antenatal interven
tion strategies. To increase the
effectiveness of such educational
programs, printed materials (flip
charts, booklets, posters) are often
used to communicate ideas about
healthy practices during preg
nancy. These materials need
to be carefully prepared, field
tested, and revised to ensure that
they are understood. The mes
sages to be communicated should
be clearly identified and the
number of messages limited.
Above all, local customs and re
sources should be kept in mind
during the design phase. The next
issue of DIRECTIONS will include
a discussion of the development
and use of records and support
materials for nonreaders.

Training and Supervising
Health Workers
An antenatal intervention
strategy may require the training
of more health workers. Currently,
the emphasis is on using and
training locally available people
for the provision of primary health
care. In the area of antenatal
health care, this is usually the
traditional birth attendant. Train
ing programs for TBAs do not

11

focus exclusively on the antenatal
period, but it is important to in
clude elements of such care in
training. The exact content of
training will depend on the over
all local strategy and the kind of
services the TBAs are currently
providing. In addition to an initial
training course or program, there
is always a need for in-service
training and rigorous supervision
of personnel.

Even in areas where resources
are extremely limited, a few sim
ple antenatal care measures can
have a significant impact on ma
ternal and perinatal mortality.
Although there is a need for new
and improved technologies (a
simple and accurate method for
detecting iron-deficiency anemia,
for example) and for further field
testing and refinement of existing
ones (analysis of the validity of
high risk indices, for another),
antenatal services can be im
proved without waiting for these
developments. Often the problem
is bringing these technologies to
the women who can benefit from
them. In many areas of the world,
less than one~fourthof all preg
nant women receive antenatal
care.

Well-designed support materials
that take into consideration the
local cultural conditions as well
as the health needs of pregnant
women can greatly facilitate the
introduction of new technologies
and expand the coverage of ante
natal health services. Village
health workers, TBAs, and com
m unity leaders also have a key
role in informing communities of
the importance of antenatal care
and encouraging all women to
seek it.
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Materials Available
For those interested in reading
more about antenatal care, a
reference list aI].cl more informa
tion on any 'Of the t~chnologies
discussed in this issue are avail
able from PATH.

-. /4~~~"':;::·:':;:.,,;. 0 ,A

Severafprevious: issues ~f1,;;:·"

DtRECTIbN~fh~vehad:d~tailed\
discussions oftopics r~latedto
antenatal care. These irii::lude:
"Assessing Nutritionol Status:
Pretct'ical MeasureS-for Primary
He.alth Care:' Qi6!PITle 3, Num
ber 3) on maternalriutrition;
"Drug Resistance: An Urgent
Problem" (Volume 3, Number 2)
on treatment of malaria and
gonorrhea; and "Immunization:
A Key to Primary Health Care"
(Volume 3, Number 1) on tetanus
immunization. Single copies of
these back issues are available
free from PATH.

o
The BLAT (British Life Assurance
Trust) Centre for Health and
Medical Education has recently
published the package, A Tradi
tional Birth Attendants' Trainer's
Kit, on behalf of the World Health
Organization. The kit has three
parts: Part one deals with TBA

The next issue of DIRECTIONS
will look at technologies for labor
and delivery, newborn care, and
postpartum care. If you have any
comments or suggestions on these
topics, we would like to hear
them~ •
Evaluations
Enclosed in our last issue (for
a randomly selected sample
of readers) were brief question
naires designed to help us to
assess DIRECTIONS. If you have
not completed and returned your
questionnaire yet, we would like
to remind you to do so. This kind
of feedback is very helpful. We
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training; Part two has suggestions
for lesson planning; and Part
three is a collection of learning
resources. BLAT Centre is
actively seeking the comments of
as many TBA trainers as possible
regarding the usefulness of the
kit. For more information, please
contact: BLAT, Centre for Health
and Medical Education, BMA
House, Tavistock Square, London
WCIH 9J8 U.K.

o
A revised edition of the World
Health Organization's document,
Risk Approach for Maternal and
Child Health Care (WHO Offset
Publication No. 39, Geneva:
WHO, 1978) will be published
soon. A new workbook of detailed
methods for risk assessment (Pub-
lic Health Paper No. 76) 'is now . -:;;
available in Spanish and Por- .'. .~. '_
tuguese. A French language~ver- '
sion should be available in late
January; 1984, and an English
language version ~t the end of
February, 1984. To~order these
publications, contact the WHO
Regional Office or write to WHO,
Distribution and Sales Service,
1211 Geneva 27, Switzerland.

also welcome comments from
those who did not receive
questionnaires.

•
The last issue of DIRECTIONS
contained an illustration of a
lightweight and portable baby
length measurer that can be
made locally. This measurer was
designed by the Appropriate
Health Resources and Technology
Action Group (AHRTAG) on behalf
of the World Health Organization.
Copies of the working drawings
to make the measurer are avail
able free from AHRTAG, 85
Marylebone High Street, London
WIM 3DE, England.
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Primary Eye Care .
Blindness affects more than 40
million people in the world today;
At least 75 percent of the blind live
in developing countries, where
blindness prevalence rates run
from 10 to 40 times higher than
those of the industrialized
countries.

Some of the causes of blindness
are universal, particularly those
associated with the aging process
(cataracts), metabolic disorders
(glaucoma), and trauma (acci
dents). The other major causes of
blindness-nutritional blindness
(xerophthalmia), river blindness
(onchocerciasis), and trachoma
are found almost exclusively in
the developing countries. These
causes have been almost eradi
cated from developed nations as
a result of improved standards of
living and access to health care.

1. Leading Causes of
Blindness

Volume 5. Number 1

Blindness has a tremendous
impact, not only on the quality
of individual lives but also on the
economies of developing nations.
The cost of blindness in Third
World countries has been esti
mated to be a minimum of $1.1 bil
lion a year. In addition to the costs
of providing care and rehabilita
tion, when available, blindness
often means the end to a person's
economically productive life.

Yet four out of five cases of blind
ness could be prevented or cured.
Technologies are a key aspect of
any strategy to reduce the rates of
blindness. Diagnostic tools, medi
cations, and surgical equipment
are, however, only part of a
blindness-control technology
package. Equally important are
the delivery systems, which can
ensure that available techno1-

2. Xerophthalmia

ISSN: 0730-8620

ogies reach those people most in
need in a culturally appropriate
and cost-effective manner.

This issue of DIRECTIONS deals
with the leading causes of blind
ness in the developing world,
giving special emphasis to
technologies for the control of
xerophthalmia and cataract. The
last section discusses program
management, focusing on the
integration of eye care into pri
mary health care and personnel
training. A future edition of
DIRECTIONS will provide a
detailed review of onchocerciasis
and trachoma and their related
technologies.

3. Cataract
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Blindness is defined as a visual
handicap that does not allow
the individual to function effec
tively in the community without
special assistance. Visual
acuity (the ability to see objects
clearly at a distance) is the
most readily tested indicator
of visual function.

Levels of visual acuity can be
expressed according to three
different notations: the deci
mal, the 6-meter scale, and the
20-foot scale. In the 6-meter and
the 20-foot scale notations, the
numerator is the distance at
which the test is performed (the
6 in 6/60 or the 20 in 20/200); the
denominator is the number
assigned to the smallest line
of figures the patient can read
correctly (the 60 in 6/60 or the
200 in 20/200). Normal vision
is considered to be 1, 6/6, or
20/20. To say a person has a
visual acuity of 1110 (expressed
as 0.1), 6/60, or 20/200 means
that this person must be at
1meter, 6 meters, or 20 feet, to
see what a person with normal
vision can see at 10 meters, 60
meters, or 200 feet, respectively:
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HOW TO MEASURE VISION LOSS

To test visual acuit~ test letters
or figures (optotypes) of differ
ent sizes are needed. In indus
trialized countries, alphabet
letters are often used. In areas
where the level of illiteracy
is high, a single letter or sym
bol which can be understood by
the person being examined is
more appropriate. In Kenya, the
Landolt "C" is described to the
patient as a corral with a door,
and the patient is asked to point
the way out. For the tumbling
"E,", the patient indicates by
imitation with his or her fingers
the direction the "E" is pointing.
Another African country has
used optotypes of village huts.

Single optotypes of different
sizes can be used or multiple
optotypes can be arranged
in lines on a chart, with the
largest figure on the top line.
Each line corresponds to a level
of visual acuity:

The relative size or scale of the
optotypes on each line used
depends on the testing distance
(the distance between the chart
and the patient). If it is not con-

e venient or practical to place a
o
.~ chart at six meters, testing·can
-g be done at three meters, or half
:::J

~ the standard distance. The
~ optotypes of standard charts
~ will then be twice their nor
~ mal size. To compensate for
E this change, they should be
$
.f; assigned a denominator twice

that designated. For example,
the standard 6/60 optotype
would have a value of 6/120
(or 3/60) at three meters.

The number of lines on a chart
can also be modified according
to the purpose of the testing
and health care level at which
it is carried out. For surveys to
measure the prevalence of
blindness, at least four lines

which define categories I
through 4 of visual impairment
are useful (6/18, 6/60, 3/60, and
1160 or their equivalents). In a
primary health care setting,
where the objective is to iden
tify individuals in need of refer
ral to more specialized eye
care, the lines 6/6, 6/9, 6/18,
and 6/60 may be sufficient. Any
patient with a visual acuity
worse than 6/18 can be referred
to a secondary level.

Charts can be made locally: In
the Philippines, optotypes are
silk-screened onto a piece of
cloth which is lightweight and
easily transportable. Other
countries use sturdy cardboard
or light boards with varnish to
protect them. A red line is often
drawn under the line of opto
types equivalent to normal or
near normal visual acuity: It is
important to make the optotype
the appropriate size for the test
ing distance, to define each line
on the chart and, if possible, to
print instructions for testing and
recording visual acuity:

Additional equipment needed
to conduct a test of visual acuity
includes an occluder !o cover
one eye and a string to measure
the testing distance. A flash-
light can be used to test for light
perception, although this is a
very qualitative measure and
may be difficult to interpret.
The chart ~hould be hung at the
patient's eye level on a wall in
a well-lit area with no glare.

For those who cannot be tested
satisfactorily because they do
not understand the test or are
unwilling to cooperate, the abil
ity to count clearly separated,
extended fingers at a distance
of three meters can be con
sidered the equivalent to a
visual acuity of 3/60, and at one



meter, to 1160. This measure
can be used as a screening
indicator to determine whether
or not more definitive surveys of
ocular status are needed. The
ability of the eye to fix on and
follow a target may also be

tested. This may confirm the
presence of vision, but it can
not determine a level of visual
acuity.

Untestability should be
recorded, as it can influence

the data analyses in surveys or
lead to unnecessary referrals.
If the patient is wearing eye
glasses during the test, this
also should be noted.

3

Leading Causes of Blindness

In the developing world, the
impact of four eye diseases on
blindness prevalence rates is so
great that control of these alone
could reduce the level of biind
ness almost to the rate now found
in the United States (0.2 percent).
The pathology and epidemi
ology of these four diseases are
described below.

Xerophthalmia

Xerophthalmia, or nutritional
blindness, was first recognized
thousands of years ago. Today;
it is the leading cause of child
blindness in the developing
world. It is estimated that up to
ten million children develop this
disease every year and that
more than a half million lose
their sight. In the larger coun
tries of Asia (Indonesia, India,
Bangladesh, and the Philip
pines), five million children are
affected. It is also known to exist
in Africa,· Latin America, the
Caribbean, and the Eastern
Mediterranean.

Xerophthalmia results from an
insufficient supply of vitamin A
to the tissues of the eye. In the
absence of vitamin A, the epithe
lial tissues of the eye and other
organs become thickened
(keratinized) and necrotic.

The effects of vitamin A deficiency
on the eye range from reversible
alterations in the retina and con
junctiva to severe and irreversible
changes in the cornea, with a
high probability of partial or total
blindness. Keratinized epithelium
in the lungs and intestines may
also contribute to the respiratory
and gastrointestinal infections
that occur more frequently in
xE3rophthalmic children. In addi
tion, research has found that even
children with mild vitamin A defi
ciency may have a mortality rate
four to eight times higher than
children without an apparent
deficiency: New data suggest
that mild deficiencies may also
increase the risk of morbidity
due to upper respiratory disease
and diarrhea.

Other factors contribute to or
precipitate xerophthalmia. The
cause and importance of each
factor varies from one commu
nity to another. In addition to
diets deficient in vitamin A,
known risk factors include
absence or early termination of
breastfeeding, generalized mal
nutrition, diarrhea, respiratory
tract infection, worm infestation,
measles, and tuberculosis. Any

one or a combination of these fac
tors can affect the availability and
utilization of vitamin A reserves.
For example, diarrhea will
decrease the absorption of vita
min A at the same time that
dietary intake may be reduced
because appetite is depressed
and/or foods containing vita-
min A are withheld. Although
vitamin A deficiency can occur
at any age, these risk factors are
most often found in populations
of children under five.

Cataract

Cataract, a cloudiness or opacity
of the lens in the eye, is the lead
ing cause of blindness in the
world. Approximately 17 million
people (16 million of them in
developing countries) throughout
the world are blind from cataracts.
Every year over 1million new
cases develop. It is estimated that
in India alone, 25 million people
are affected, 5 million of whom
are blind. Prevalence surveys
have found that the age of onset is
earlier and that rates of cataract
and cataract blindness are higher
in developing countries than in
developed countries.

In the normal eye, the lens is
transparent, and serves to focus
light onto the retina. Cataracts are
opacities that obstruct the pas
sage of light and may impair vis
ion. One or both eyes may be
affected. Opacities vary in size,
number, and location. The effect
on vision depends onthe size;
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density; and location of the cata
ract. Small cataracts on the
periphery of the lens may have
no effect; more extensive ones, or
ones in the center of the lens, may
result in severe visual impairment
and blindness. There is no known
means of preventing cataract for
mation, but sight can be restored
by surgical removal of the lens.

Senile, or aging-related cataract,
is by far the most common kind,
although there are several other
types. Despite its high preva
lence, little is known about its
natural history or its risk factors.
Epidemiologic research has con
firmed the association of cataracts
with several factors that may play
a role in their development. These
factors are diabetes mellitus;
exposure to ultraviolet light and to
ionizing, infrared, and microwave
radiation; poor nutritional status;
exposure to toxic drugs and chem
icals; and biochemical variables.
Although an association exists,
none of these can be said to be the
cause of senile cataracts. Impor
tant causes are probably multifac
torial and synergistic. Further
research on possible risk factors
is needed so that measures to
prevent or delay the development
of cataracts can be identified.

In addition to the higher rates of
cataract found in developing coun
tries, premature cataract devel
opment has been reported in
India, Nepal, and Africa. In these
areas, cataract begins to appear
as a cause of blindness in the
fourth and fifth decades of life,
whereas it more commonly occurs
in the sixth or seventh decades
in the United States. This find-
ing, together with a rise in life
expectancy in the developing
world and the corresponding
increase in the number of elderly
people in these countries, means
that unless control measures are
implemented, the magnitude of
cataract blindness will increase
five times by 2025.
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A major problem in understand
ing the etiology and epidemiology
of cataracts, and consequently in
determining appropriate interven
tion strategies, is the lack of a uni
formly accepted method of mea
surement and classification. A
standardized photographic sys
tem used for classifying human
cataracts for laboratory study is
not suitable for use under field
conditions because it requires
complex equipment. The devel
opment of a classification system
for field use would also facilitate
research efforts.

Onchocerciasis

Onchocerciasis, or river blind
ness, is a parasitic disease that
infects as many as 50 million
people. One million people are
blind as a result of the eye lesions
caused by this disease. In villages
where the disease is widespread,
as much as 50 percent of the
adult population may be blind.
Onchocerciasis occurs through
out the area of Africa south of the
Sahara, in Yemen, and in parts
of Central and South America.
It is caused by the filarial worm,
Onchocerca volvulus, which has
a complex life cycle involving
humans and blackflies of the
Simulium species, the vector of
this disease. The blackfly requires
fast-moving water for breeding.
Some of the most fertile, arable
valleys of Africa are infested by
the vector; as a consequence,
these areas have been aban
doned by the people previously

Retina

Cornea
Optic nerve

living there. The current strategy
for prevention is to control and
eventually eradicate the blackfly
population by the application of
insecticides over a period of 20
years. Several drugs are avail
able for treatment, but theyare
so toxic they cannot be used on
a large scale.

Trachoma

Trachoma, the world's leading
cause of preventable blindness,
affects an estimated 400 to 500
million people. Approximately 6
million people have been blinded
by it. Trachoma is widespread in
rural communities 6f the develop
ing world. The highest prevalence
rates occur in parts of Africa, the
Middle East, and the drier regions
of southeast Asia, but the disease
is also found in Latin America and
the Pacific. Trachoma is a chronic,
contagious, inflammatory disease
that can lead to scarring of the
conjunctiva, deformities of the
eyelids, corneal opacity; and
blindness. The infectious agent is
Chlamydia trachomatis, which is
transmitted person to person by
close contact and by flies common
to the areas where it occurs. The
severity of the disease is often
related to environmental factors,
such as lack of water and poor
sanitation. Current preventive
and control measures include
treatment with antibiotics, surgi
cal intervention to correct eyelid
deformities, health education,
and improved sanitation.

Conjunctiva



Xerophthalmia

5

VitarnjnA

Diagnosis

Xerophthalmia is diagnosed by
the presence of one or more of its
clinical signs (see box).

A clinical examination is not
required to detect night blindness,
which is often the earliest symp
tom of vitamin A deficiency: A
history of night blindness, elic
ited from a child's parent, is a
valid indicator of vitamin A defi
ciency. Reports indicate that in
areas where vitamin A deficiency
is known to exist, there are usually
local terms, such as "chicken
blindness" (because chickens can
not see in the dark), to describe
this condition. Even where no
local term exists, the symptoms,
such as stumbling, are generally
familiar to mothers. Relatively
untrained field workers and even
school children may be taught to
identify this sign, especially if a
local term for the condition exists.

A clinical examination is required
to recognize other signs of xeroph
thalmia. Color photographs and
line drawings depicting the clin
ical signs of vitamin A deficiency
(xerophthalmia recognition cards)
can be used as diagnostic tools
and training aids.

Conjunctival xerosis and Bitot's
spots are easily recognized by the
trained health worker and repre
sentthe earlier, milder manifesta
tions of xerophthalmia. They are
more prevalent than corneal dis
ease, and their presence identifies
children at increased risk of
developing destructive corneal
lesions.

Corneal xerosis and ulceration
and keratomalacia are the most
severe manifestations of vitamin
A deficiency. Although they are
easily diagnosed, they are rela
tively rare. Sometimes corneal
lesions caused by vitamin A defi
ciency are secondarily infected by
bacteria, making it difficult to rec
ognize xerophthalmia. In such
cases, evidence of conjunctival
xerosis and other factors asso
ciated with xerophthalmia can
aid in diagnosis. Measles and
other illnesses can bring on a
rapid and sudden deterioration
in vitamin A status, and corneal
lesions may appear before the
typical conjunctival changes.
Corneal scars require a detailed
history and interpretation by a
highly trained health worker to
determine the cause.

Biochemical tests can be used to
detect vitamin A deficiency; but
they are not sufficient to estimate
the level of clinical disease. Deter
mination of serum retinol (vita
min A) levels requires the avail
ability of laboratory facilities and
a trained technician.

Recent research has found that
the relative dose response (a
comparison of the fasting serum
retinol level with the level after
administration of a small dose
of vitamin A) is a useful test for
detecting children with critically

depleted liver stores. Although
such children show no clinical
signs, they are at very high risk
of developing xerophthalmia,
especially the blinding corneal
lesions that measles and other
infections can precipitate.

Dietary histories can provide an
understanding of the causes of
vitamin A deficiency: Family
based qualitative histories to
determine family food patterns,
individual child histories with
questions on breastfeeding and
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weaning, and 24-hour quantita
tive histories to try to determine
the exact quantities of food a child
has eaten are methods that can
be used. A well-trained health
worker is needed to take and
evaluate a quantitative history,
but most health workers can qual
itatively determine if the child's
diet is likely to be inadequate in
vitamin A.

Treatment

All children with any of the signs
of active xerophthalmia and all
severely ill or malnourished chil
dren in areas where xerophthal
mia occurs, whether or not they
show evidence of clinical disease,
should receive vitamin A therapy:
The schedule is shown in Figure 1.
With this therapy schedule, night
blindness will disappear within 24
hours; conjunctival and corneal
xerosis, corneal ulceration and
localized corneal destruction will
begin to respond within two to
three days. But if necrosis is
already complete, the eye can
not be saved.

Vitamin A ester is available for
periodic dosing in individual
100,000 IU and 200,000 IU dose
gelatin capsules. (The use of
International Units for pharmaceu
ticals was officially discontinued
20 years ago, but their use for
Vitamin A still persists. The equiv
alents in milligrams [mg] are
55 mg and 110 mg, respectively:)
In India, multiple-dose bottles of
vitamin A are used. The concen
trated dosage noted above can be
given by standardized spoons or
droppers at a cost of less than US
$.05 per single dose. For new
borns, 50,000 IU capsules are
needed for periodic dosing, but
are less readily available. Where
unavailable, appropriate portions
of high-potency capsules can be
used. The high-dosage capsules
are to be used for prophylaxis on
a 4- to 6-month periodic dosing
schedule, not daily: For pregnant
women, single doses above 10,000
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. Vitamin A distribution in
Bangladesh

IU should not be given; but this
level is safely taken daily:

Only water-based vitamin A
should be used for injections.
Oil-based preparations are liber
ated too slowly from the injection
site. If water-based vitamin A is
unavailable, oil-based vitamin A
should be administered orally;
even if it is in inj ectable form.
Studies have demonstrated that
oral megadoses of vitamin A are
as effective as intramuscular
injection for the treatment of
xerophthalmia.

Extremely large doses of vitamin
A or overfrequent administration
(for example, daily doses of
200,000 IU capsules) may be toxic.
High doses are particularly inap
propriate for women in early
pregnancy; since animal studies
have shown that certain fetal
abnormalities can occur.

When eyes with active kerato
malacia and/or corneal ulcers
are identified, they should be
covered with a shield to protect
the eyeball from pressure. Eye
shields can be made locally from
used X-ray film, heavy paper,
or cardboard.

o Prevention
oS

~ Three different forms of interven
.~ tion are employed in the preven
~ tion of xerophthalmia: periodic
~ distribution of high-dose vitamin
~ A, fortification of food products,
Q)

~ and nutritional education
c
"* programs.
I

While hospital-based studies
have demonstrated that providing
children with 200,000 IU of vitamin
A every six months can prevent
the development of mild
xerophthalmia and kerato
malacia, the effectiveness of
large.;.scale distribution programs
in reducing the prevalence of
xerophthalmia and preventing
blindness in the community is not
well proven. This is not because
the vitamin is ineffective but
because such programs often
miss as much as 40 percent of the
target population, especially the
children, who are usually at the
highest risk of developing
xerophthalmia. Because research
has shown that vitamin A defi
ciency and xerophthalmia cluster
within families and neighbor
hoods, targeted distribution
schemes that focus on high-risk
communities have been
employed as an alternative to
population-based distribution. A
disadvantage of targeted distribu
tion is the failure to reach indi
vidual cases dispersed through
out the larger population. The
delivery costs of massive-dose dis
tribution programs can be quite
high, unless such efforts are .
incorporated·into existing health
programs. Massive-dose distribu
tion programs are best considered
as short-term emergency mea
sures in areas where xerophthal
mia is an identified public health
problem. Further research and
eva1uation are needed to deter
mine the most cost-effective and
efficient distribution strategy:

The long-range solution to pre
venting xerophthalmia is to
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*For children less than 1year of age reduce all doses by one-half

3. Mothers at birth of child or within one month after delivery
- 200,000 IV vitamin A orally

2. All children *

Every 4-6 mos. - 200,000 IV vitamin A orally

Prevention and treatment of
diarrhea with oral rehydration
therapy should be included in
educational programs. Children
with diarrhea are at 13 times
greater risk of corneal
xerophthalmia than children
without diarrhea.

Designing appropriate educa
tional strategies requires a clear
understanding of existing dietary
patterns and other health-related
practices. Data from surveys can
provide information on the kinds
and quantities of food children
consume, but in-depth, qualita
tive research may be needed to
determine why children do not
consume adequate amounts of
foods with vitamin A.

Measles immunization is another
important component of a xeroph
thalmia- and measles-associated
blindness reduction strategy:
Although the relationship
between measles, nutritional
status (including vitamin A sta
tus), and blindness is not yet thor
oughly determined, preventing
measles through immunization
can eliminate one of the most sig
nificant risk factors for the devel
opment of childhood blindness.

1. Children * with xerophthalmia or general illness or malnutrition
Immediately - 200,000 IV vitamin A orally or

100,000 IV vitamin A intramuscularly ~

Following day - 200,000 IV vitamin A orally ~

1-2 weeks later - 200,000 IV vitamin A orally §3
Q)

Note: Water miscible vitamin A must be used for the intramuscular I

injection

available or are culturally unac
ceptable. A study in Indonesia
found that, although such foods
are already in the family cooking
pot, children with xerophthalmia
were found not to be eating them.
In this case, teaching mothers the
importance of vitamin A in the
diet and demonstrating how to
specially prepare these already
existing foods for young children
is an appropriate solution. If
carotene-rich foods are absent
from the community; families may
be encouraged to grow them in
home or community gardens.

Promotion of general good eating
and health practices can con
tribute to the prevention of
xerophthalmia. Children who are
breastfed are eight times less
likely to develop xerophthalmia
than children who are not. In
addition, pregnant and lactating
women should be particularly
encouraged to eat foods rich in
vitamin A and carotenes. Prepa
ration of weaning foods rich in
vitamin A or carotene, such as
mashed papaya, should be
taught, since children of this age
frequently experience concurrent
diarrhea and other infections that
increase the need for vitamin A.

Health and nutrition education
programs that promote increased
consumption of vitamin A- and
carotene-rich foods, along with
measures taken to reduce other
risk factors associated with
xerophthalmia, are other long
range approaches. It has often
been assumed that in areas
where xerophthalmia is preva
lent, carotene-rich foods are not

increase the consumption of
dietary vitamin A and carotene.
Vitamin A, or retinol, is a fat
soluble substance found in liver
and other meat, poultry, and
dairy products. Carotenes, found
in dark green leafy vegetables,
yellow fruits, and red palm oil, for
example, are usually converted
into retinol in the intestines. The
carotenes are biologically less
active than retinol, and their
dietary sources are less effi
ciently processed and absorbed
than retinol sources. It is now
known that even among mal
nourished children, however,
carotene is readily absorbed.

Fortification (the addition of vita
min A to a staple food) is one
approach to increasing dietary
intake. An appropriate, low-cost
vehicle for such fortification must
be identified. This food should be
widely consumed by children; its
intake should be relatively uni
form so that the selected concen
tration delivers sufficient vitamin
A without overdosing the highest
consumers; and it should be cen
trally processed for convenient
addition of vitamin A to the
staple. In Guatemala, fortification
of sugar with vitamin A has
resulted in a generalized improve
ment of the vitamin A status of the
population. A pilot program to
assess the feasibility and appro
priateness of fortification of MSG
is about to begin in Indonesia. Salt
has been identified as cr potential
vehicle in Malawi, and further
investigations as to its value are
being pursued.

directions I First Quarter 1 SBB
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Cataract

Diagnosis

Blinding cataract can be diag
nosed by screening for visual
acuity and identifying those indi
viduals whose acuities are equal
to or less than 3/60 or 6/60. A sub
sequent clinical examination will
detect lens opacities. Health care
workers with minimal training
can carry out these activities.
Careful selection of patients for
surgery is important; because of
the need to make efficient use of
personnel and equipment, most
programs limit surgery to those
individuals who are bilaterally
blind (cannot count fingers at
three meters with either eye).

Treatment

Treatment consists of surgical
removal of the opaque lens and
provision of corrective eyeglasses.
Operating on only one eye and
providing eyeglasses restores
sight sufficiently to allow the per
son to return to a productive life.

In cataract surgery; the clouded
lens is removed from the eye
through an incision in the sclera
just above the cornea. Intracapsu
lar extraction removes the entire
lens and its capsule. Extracapsu
lar extraction leaves the posterior
capsule in the eye while removing
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the anterior capsule, the cortex,
and the lens nucleus. Sutures
close the external surgical
incision.

Because cataract surgery is a deli
cate operation requiring special
training and experience, it is not
an appropriate technique for
the primary health care level.
Cataract extraction should be per
formed as close as possible to the
patient's community; a trained
surgeon, an adequate secondary
care facility (local or district hospi
taD, or the use of mobile eye ser
vices are needed.

Phacoemulsification, a newer
technique that uses high fre
quency sound vibrations (ultra
sound) to soften and liquify the
lens, which is then aspirated
through a hollow needle, is used
by some surgeons in some indus
trialized countries. The high costs
of purchasing and maintaining
this equipment and the fact that
it is not easily transportable make
it an inappropriate technique for
most developing countries.

Many programs rely on mobile
eye services to provide cataract
removal surgery. A four-wheel
drive vehicle that serves as a
self-contained unit is useful. A
mobile eye unit should carry the
necessary diagnostic and surgical
supplies and instruments, steril
ization equipment, water, a porta
ble operating room light that can
be powered by the vehicle bat
tery, and educational materials
for training other health care
workers.

Cataract extraction methods that
are older and simpler, but no less
effective than those used in indus
trialized nations, are recom-

mended for the secondary level
of health services. Cryoextraction
using a small, portable, hand
held cryoextractor is one tech
nique that has been successfully
used in many developing coun
tries. This method uses a very
cold probe, with a refrigerant
reservoir, to freeze the lens. The
frozen lens adheres to the probe
and it is lifted out of the eye.
Cryoextractors with replaceable
canisters containing sufficient
refrigerant to perform 30 to 40
operations are commercially
available. These instruments may
also be manufactured locally.
Some cryoextractors require
electricity or gas as a source
of power.

Alternatives to cryoextraction are
the traditional and inexpensive
surgical techniques employing
either capsule forceps, lens
spoons, or suction/aspiration
methods (erysiphakes). More time
may be needed to perform cata
ract extraction with these instru
ments, but some surgeons select
these methods because of per
sonal preference, experi~nce,
cost, availability, and training.

Studies have demonstrated that
an 80 to 90 percent success rate
(similar to that of cataract opera
tions in the U. S.) can be achieved
using these older and simpler
methods, as long as standards of
asepsis are maintained. Steriliza
tion of some instruments may be
done by boiling. Delicate instru
ments can be disinfected in
methyl alcohol, acetone, and cer
tain other commercially available
solutions. Cryoprobes can be
placed in a sealed box with
paraformaldehyde tablets.

For postoperative care, an eye



EXAMINATION OF THE EYE

shield is necessary to protect the
eye. Patients should be encour
aged to use the eye shield while
sleeping to prevent them from
rubbing their eyes before the
wound has healed.

After the lens has been removed,
the eye will need a substitute lens
to compensate for the loss of the
natural lens. In the developing
world, eyeglasses are the most
practical and least expensive
alternative. Contact lenses and
intraocular lens implants are
often used in industrialized coun
tries, but the need for careful
follow-up and the higher costs of
these devices are disadvantages.
Ideally, refraction (determining
the power needed in the correc
tive lenses) is performed on post
operative patients. Because
many programs do not have the
resources to carry out this test,
plain spherical eyeglasses with
a power of + 10, + 12, or + 14 diop
ters (a unit of measurement of the
power needed to see objects in
focus) are issued to patients.

Bifocal lenses with an insert with
an additional power of 2.5 to
3.5 diopters are useful, particu
larly for individuals whose work
requires an ability to see close
by objects. Where the capacity
for follow-up exists, patients can
be provided a pair of temporary
eyeglasses which they can wear
until the cornea is no longer
changing. At a return visit,
approximately six months later,
a permanent pair of eyeglasses
is issued. An ample supply of low
cost eyeglasses is essential for
an effective cataract treatment
program.

Diagnosis and treatment are the
essential components of a cata-

ract care program; there is as yet
no known means of prevention.

Public education about the bene
fits and availability of cataract
surgery is necessary. In many
areas of the world, fear of eye

Both primary eye care and sur
veys to assess ocular status
should include an examination
of the front visible part (anterior
segment) of the eye in addition
to tests of visual acuity. An exam
ination can reveal eye lesions
that cause visual impairment,
and the patient can be treated
or referred, if needed.

A primary examination of the
eye does not require complex
equipment or supplies. Clean
hands, a source of light, and, in
areas where trachoma is prev
alent or suspected, a pencil or
cotton-tipped stick to roll back
the upper lid are sufficient for
examination by the primary or
auxiliary health care worker.
The best means of illuminating
the eye is natural lighting, but
in open shade rather than
direct sun. A hand-held,
battery-operated flashlight
'may help to detect cataract and
lesions of the cornea and con
junctiva, but it is not necessary;
Likewise, a hand-held magnify
ing lens and binocular head
band magnifying lens (or loupe)
can reveal small irregularities
not seen by the naked eye, but
they are not essential. The
thumb and forefinger can be
used to keep the lids apart to
allow a better view of the eye.
Desmarres r@tractors, lid
speculums, and bent paper-

operations and eye health care is
widespread. Often, an individual
whose sight has been restored
through cataract surgery is the
best community educator on the
advantages of this operation.

clips as lid retractors should be
used only by a person specially
trained in ophthalmology;

Ahistory is another important
part of a primary eye exam~

Information on duration of the
condition, possible injury, ill
ness at or near the time the eye
problem first occurred, medica
tions currently used, dietary
history, water supply, or eye
disorders in other family mem
bers can be obtained. The
specific questions asked
depend on the purpose of the
exam (primary health care or
survey) and the prevalent eye
diseases in the region.

More complex examinations of
the eye can be carried out at
the secondary or referral level
of care, particularly on those
individuals identified during
a survey as having significant
visual impairment. For this
purpose, the use of a slit-lamp
biomicroscope permits a more
detailed examination of the
cornea and lens. Electricity
is required. A hand-held,
battery-operated ophthalmo
scope is used to examine the
ocular fundus (preferably after
the pupil is dilated). A Schiotz
tonometer can be used to mea
sure intraocular pressure (to
rule out or evaluate for the
presence of glaucoma).

9
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Program
Management

The lack of eye health services in
many developing countries con
tributes to much blindness. Pri
mary health care (PHC) workers
can be trained to recognize and
treat infectious and nutritional eye
diseases, thus preventing vision
loss. Keys to effective integration
of eye care into health services at
all levels are flexibility; recogni
tion of available resources, selec
tion of technologies which are
appropriate and culturally accept
able for the country; and regular
training and supervision of health
care workers.

Planning

Blindness prevention measures
can be added to existing pro
gram activities or be included
when new primary health care
services are beg-un. An important
first step is to establish a national
committee or similar body which
guides policymakers and plan
ners and coordinates the diverse
sectors involved in blindness pre
vention activities. To date, 54
countries have formed such
national committees.

An effective program requires
an assessment of the distribution,
magnitude, and causes of blind
ness within a country: Commu
nities with a high prevalence of
avoidable blindness should be
identified and given priority for
intervention activities. Data from
hospital and clinic records can
indicate the existence of signifi
cant eye diseases but usually do
not cover the population with the
highest risk of blindness.

Prevalence surveys provide more
accurate estimates of the problem.
Field survey teams should collect
and analyze data on blindness
prior to initiating activities and
also while programs are ongoing.
These teams can use existing local
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health personnel. An additional
assessment of resources, includ-

.ing facilities, personnel, transpor
tation, communication, water and
environmental sanitation, and
other factors affecting the design
and implementation of blindness
prevention programs, is required.
This information serves as a basis
for the formulation of a plan of
action and the development of
specific intervention strategies.

Primary Eye Care

To reduce avoidable blindness,
priority should be given to the
delivery of essential eye care.
Primary eye care includes promo
tional and preventive measures
as well as clinical activities.

The PHC worker should make the
local community aware of the fact
that the majority of blinding dis
eases are either preventable or
curable. This awareness is neces
sary for active community partici
pation in blindness prevention.
Promotional efforts should focus
on village authorities and other
local leaders, such as school
teachers, as well as on individu
also Much of the content of preven
tive eye care messages is informa
tion a PHC worker already knows.
Education about healthy diets,
personal hygiene (such as daily
face washing) , environmental

Ophthalmic clinical officer
performing cataract extraction

sanitation measures (such as the
construction of latrines), and acci
dent prevention is a basic com
ponent of both primary health
care and primary eye care.

Clinical primary eye care activ
ities begin with the recognition
of eye problems. Following rec
ognition of a problem, a distinc
tion should be made between
those conditions that can be
treated by the PHC worker, those
that require referral after treat
ment has been initiated, and those
requiring immediate or emer
gency referral for treatment. Eye
problems that can be recognized
and treated by PHC workers are
conjunctivitis and lid infections,
including ophthalmia neo
natorum (conjunctivitis in the new-:
born usually caused by untreated
gonorrhea in the mother and
transmitted during birth); tra
choma; trauma in the absence
of visual problems; and mild
xerophthalmia. Conditions requir
ing treatment and immediate
referral are corneal ulcers, inju
ries to the eyeball, large eyelid
lacerations, burns, and defor
mities of the eyelids due to tra
choma. Referral is required for
cataracts, vision loss, and painful
red eye (conjunctivitis).

An adequate referra.! system is
c essential to primary eye care.
~ Secondary and tertiary health
-g facilities may need to be
::J
~ strengthened. Secondary eye
~ care activities which are usually
w
C\j carried out in district hospitals
c
o include management of cataract,
~
c ocular trauma, corneal and intra
CD
~ ocular infections, and surgery

for correction of lid deformities
due to trachoma. More highly
trained health workers, such as
ophthalmic assistants,general
practitioners trained in eye care,
or ophthalmologists (depending
on the country's personnel
policies) perform these activities.
Less common blinding conditions
which may require complex
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EYEGLASSES FOR
DEVELOPING COUNTRIES

equipment and specialized staff
are treated at a tertiary eye care
facility; often a university hospital.

In areas where primary and sec
ondary eye care services are lack
ing, mobile eye units can fulfill
similar functions. They can also
provide valuable support to
existing eye care activities. It is
extremely important to establish
mechanisms that ensure the con
tinuity and follow-up of mobile
eye team services and collabora
tion with local health personnel.
Eventually, mobile eye services
should be replaced by a perma
nent eye care infrastructure.

Staff at the secondary level,
whether a fixed facility or a
mobile unit, should be actively
involved in the training, continu
ing education, supervision, and
evaluation of primary eye care
personnel. In addition, this level
should provide the logistical sup
port needed for the regular stock
ing of drugs, equipment, and
supplies.

Training

Basic elements of PHC worker
training are: methods of examina
tion, including patient history and
assessment of visual acuity; dis
tinction between conditions to be
treated and those needing refer
ral; methods of prevention and
treatment; and educational
techniques. Training should
be practical and task-oriented.

A successful blindness prevention
program in Kenya teaches health
workers four basic rules about the
normal eye: 1) the cornea should
be clear; 2) the pupil should
be black; 3) the white part/con
junctiva should be white; 4) the
eyelids should open and close
properly: By going through these
rules, students learn to recognize
which part of the eye has a prob
lem, which problems can be
treated, and which ones need
referral.

There is an urgent need for
ample supplies of low-cost
eyeglasses in the developing
world. In addition to cataract
patients, school children and
the working population with
refractive errors (defects in
which light beams are not
focused exactly on the retina,
such as nearsightedness) can
greatly benefit from improve
ments in vision offered by cor
rective lenses.

Low-cost eyeglasses can be
produced locally: Production
involves four processes: frame
manufacture, surfacing of opti-

The lack of more highly trained
eye care workers (including
nurses and ophthalmic assistants)
at the secondary and tertiary
levels of care is a major constraint
to full implementation of blindness
prevention programs in develop
ing countries. This is particularly
evident when looking at the sit
uatioh with respect to cataract.
In Tanzania, where there are 15
practicing eye specialists, and
approximately 100,000 people
waiting for operations, it would
take 20 years to treat these cases.
In India, where there are many
more ophthalmologists, it has
been estimated that the number
of cataract operations performed
annually must be increased by a
factor of four to reduce the backlog
of untreated cases and handle the
new ones.

Two solutions have been pro
posed to resolve this problem:
increasing the number of cases
performed by eye surgeons
(through increased supplies of
equipment and hospital eye beds,
reduced hospital stay; and mobile
"cataract camps") and increasing
the number of eye surgeons (by
training more ophthalmologists or
by training general practitioners

cal blanks to produce a lens
which has a power, edging of
the lens to fit the frame, and
assembly of the lens into the
frame. Edging and assembly
processes can be easily estab
lished on a small scale, using
imported lenses and frames.
(Frames are often second-hand
donations.) Frame manufacture
and lens surfacing can also be
done locally, but they require
more expensive equipment.
The publication Reading
Glasses for Africa describes
how to establish a workshop
to assemble eyeglasses (see
Materials Available).

or ophthalmic paramedical offi
cers to do cataract surgery). The
costs of training and supporting
an ophthalmic paramedical offi
cer are less than one-half those
of training an ophthalmologist,
and experience has shown that
when surgery is performed by an
ophthalmic paramedical officer
under the supervision of an oph
thalmologist, the results are com
parable to the results achieved by
ophthalmologists. Despite these
facts, paramedical ophthalmic
officers are not widely used to
.perform cataract surgery; except
in a few African countries.

The leading causes of blindness
in the developing world are
largely preventable through the
use of appropriate technologies
such as simple screening and
diagnostic tools, communityedu
cation, and medical and surgical
therapies. Although certain
specific functions, such as
cataract surger~ require specially
trained personnel, most eye care
activities can and should be an
integral part of the primary health
care system. Xerophthalmia is a
good example of the need for an
integrated approach, since its con-
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trol depends on nutrition educa
tion, medical screening, and vita
min supplements, all of which
can best be provided through the
PHC system. Similarly, cataract
treatment depends not only on
surgical skills but also on com
munity screening, patient educa
tion, and appropriate postopera
tive care. Although further
research is still needed to clarify

Mor~ information on the tech
nologies discussed in this issue
and on additional materials and
organizations dealing with blind
ness is available from PATH.

D
The Primary Eye Care Manual
describes the practical skills
needed for primary eye care activ
ities. Write the International Eye
Foundation at: 7801 Norfolk Ave
nue, Bethesda, MD 20014, U.S.A.

D
Strategies for the Prevention
of Blindness in National Pro
grammes: A Primary Health Care
Approach (Geneva: WHO, 1984)
is particularly valuable. To
order this and other related
documents, contact the WHO
Regional Office'6r write to WHO,
Distribution and Sales Service,
1211 Geneva 27, Switzerland.

,~ D

The Red Eye/~,~art, a poster illus
trating eye c<1r~pt the primary
level, is ava,ikrole in seven lan
guages an'~"cbnbe printed in any
language if an appropriate trans
lation is provided. Contact the
Program for the Prevention of
Blindness, WHO, or the Interna
tional Eye Foundation.

D
Sets containing the instruments
needed for cataract extraction
and other eye operations are
available from Dixey Instruments
Limited, 19 Wigmore Street, Lon-

the causes of the earlier onset of
. cataracts in developing countries,
there are useful tools available for
treating or preventing the blind
ness associated with cataracts
and xerophthalmia. Programs
which use these tools effectively
can greatly reduce the staggering
burden blindness now places on
individuals and society as a
whole in the developing world.

don, WIA 4DU, U.K., and from
ECHO, 4 West Street, Ewen Surrey
KT17lUL, U.K.

D
The International Agency for the
Prevention of Blindness (lAPB)
publishes IAPB News. Write
to: IAPB, National Institutes of
Health, National Eye Institute,
Building 31, Room 6A03, Bethesda,
MD20205, U.S.A.

D
The Local Production of Eyedrops
provides details on how hospital
pharmacies can produce eye
drops from basic powders. Other
available publications include
Reading.Glasses for Africa and
Focus.on Blindness, the proceed
ings of a seminar. To order, con
tact: Africci~RegionMedical Office,
Christian Blind Mission Interna
tional, P.O. Box 1363, Moshi,
Tanzania. \

D
Research Priorities for the Pre
vention of Blindness in Devel
oping Countries and a series of
training materials can be ordered
from: Helen Keller International,
Inc., 15 West 16th Street, New York,
NY 10011, U.S.A.

D
The Xerophthalmia Club Bul
letin is available free. Write
Xerophthalmia Club Secretary,
Mrs. A. Pirie, 31 Observatory
Street, Oxford, U.K.
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Essential Drugs-
It is estimated that there are
between 100,000 and 200,000 drug
products available today on the
world market. The World Health
Organization (WHO) has deter
mined that fewer than 250 of these
drugs are essential to treat most of
the illnesses experienced by a
majority of the worlds population.
The provision of these essential
drugs is the focus of this issue of
DIRECTIONS.

Drugs can be loosely defined as
medicinal substances used in the
treatment and prevention of dis
ease. They include locally pre
pared herbal remedies as well as
the highly purified pharmaceu
ticals synthesized in modern facto
ries. Whatever their form, drugs
play an important role in primary
health care (PHC).

1. National Strategies

Volume 5. Number 2

With the encouragement of inter
national organizations such as
WHO and UNICEF, many countries
have turned their attention to the
development and use of essential
drug lists. This important work
needs to be matched by commu
nity and individual strategies to
improve the availability and use of
these drugs.

The problems involved in provid
ing essential drugs present an
almost overwhelming challenge to
all countries. Drug selection is diffi
cult mainly because of the variety
of drugs from which to choose.
Drug procurement problems
include the number of possible
drug sources, the complexity of
estimating needs, and the difficul
ties of arranging payment for the
drugs that are needed. Drug dis
tribution requires the carefully

2. Community Strategies

ISBN: 0730-8620

planneclinteid'ction of transporta
tioiI, ~torCIge,· and man~gement
systems. Appropriate drug use
relies on training and public edu
cation. These problems are magni
fied in developing countries where
infrastructure and resources are
often scarce.

The policy decisions related to
essential drugs are made at sev
erallevels. This issue of DIREC
TIONS focuses on national, com
munity, and individual strategies.
The section on national strategies
discusses drug selection, supplies,
costs, distribution systems, and
regulation. The section on commu
nity strategies covers needs assess
ment, storage, stock control, and
training. And finally, consumer
education and patient informatio~
are discussed under individual
strategies.

3. Individual Strategies

1885
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National Strategies

Many of the policy decisions about
the provision of essential drugs are
made at the national level. These
decisions are often influenced by
international agencies and pro
grams as well. The effects of these
policies, however, are felt at the
community level and eventually
by the consumer. For this reason,
national policy makers need to
consider the concerns of the local
systems and individual consumers
when choosing strategies.

Drug Selection

The drug selection process is
made difficult by the vast number
of available prescription and
nonprescription items. All of
these medicines are created
from approximately 250 active sub
stances, which are the chemicals
in drugs responsible for the
therapeutic effect. Many medi
cines are either duplicates of other
drugs, combination drugs, prepa
rations such as vitamins, or tonics
and potency drugs that have little
or no proven therapeutic value.
Duplicate drugs are those that
have the same active substance as
other drugs but are marketed in a
slightly different form or dosage,
often with a different brand name.
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It has been estimated that there
are, on the average, 70 different
brand names for each drug mar
keted today.

Combination drugs contain two or
more active ingredients in a fixed
ratio. Combination drugs may be
more convenient for consumers,
and combining ingredients allows
the use of lower dosages of each
active substance. The disadvan
tages of combination drugs are
that the fixed ratio of active ingre
dients does not allow the pre
scriber to vary the dosage of one
ingredient without affecting the
other and that people taking sev
eral medications may face an
increased risk of adverse drug
interaction. WHO supports the use
of combination drugs only where
the combination has a proven
advantage over single compounds
given separately.

Preparations with no known thera
peutic value include many vitamin
tonics and cough preparations
which are available without pre
scription. In many cases, there are
food sources available that provide
the same nutrients as vitamin prep
arations at a fraction of the cost.

In 1977, WHO asked a panel of
experts to compile a list of drugs
necessary to treat almost all health
problems. The panel provided a
list of about 200 drugs and vac
cines, most of which are no longer
protected by patents and can be
produced at low cost. The most
recent revision of this list (982)
includes about 230 drugs and a
model list of 22 drugs for use in
primary health care (see box).

More than 80 countries have devel
oped national formularies or drug

lists based on the WHO Model List
of Essential Drugs. These limited
lists are usually compiled by a
national committee made up of
practitioners, planners, phar
macists, procurement officers,
pharmacologists, and represen
tatives of the national pharmaceu
tical association. They take into
consideration country- or region
specific health problems and proj
ects, as well as dosage forms,
efficacy, side effects, and costs.

International nonproprietary
(generic) names for drugs are
used, and combination drugs
are avoided unless they meet
an important specific therapeutic
need. Committees meet regularly
to revise their lists in light of new
treatments and changing needs.
In addition, formulary committees
often draw up standardized treat
ment schedules that outline
courses of treatment to be used
with the listed drugs.

Some practitioners have com
plained that these limited lists of
drugs restrict their"clinical free
dom" to choose prescriptions from
all available drugs. The counter
argurrient is that it is almost impos
sible for practitioners to be fully
informed about even the few hun
dred drugs they regularly pre
scribe, let alone the thousands that
are available. In reality, most prac
titioners prescribe a very limited
number of drugs with which they
are familiar. Seen in this light,
an essential drug list facilitates
choices from the huge number of
available products.

One way to reduce practitioner
resistance to a national formulary
would be to make sure that practi
tioners are well represented in the



drug selection process. In Haiti, for
example, after surveying physi
cians, the panel subsequently
modified its list based on their sug
gestions. Another approach is to
set up a system permitting excep
tions to the limited list, as was done
in Norway and Barbados. In Bar
bados, requests for permission to
prescribe nonlisted drugs have
decreased as practitioners have
become more familiar and com
fortable with the recommended
formulary drugs.

3

WORLD HEALTH ORGANIZATION
MODEL LIST OF DRUGS

FOR PRIMARY HEALTH CARE

The following list of 22 drugs was selected by WHO from the full
model list of essential drugs as those which might be appropriate
for administration by a traditional healer or community health
worker. In practice this list needs to be modified for each country to
reflect the disease patterns, existing medical coverage, and level
of training.

Drug Supplies

The drug supply problem in devel
oping countries is not just one of
shortage or poor distribution, it is
also a problem of misuse. In devel
oping as well as developed coun
tries, there is an increasing
tendency to use drugs as the treat
ment of choice for all kinds of dis
ease. As a result, treatments other
than drugs are too often over
looked. Dietary changes, rest,
exercise, and other traditional
cures are often better treatments
and frequently less expensive than
the tonics and elixirs sold in village
shops. Steam inhalation is a good
substitute for decongestants, and
home remedies for coughs are
often as effective as manufactured
cough suppressants. Some drugs,
such as antidiarrheals, can actu
ally prolong illness. One often
overlooked, partial solution to drug
scarcity is more appropriate use of
available medicines. Although
some illnesses require the prompt
use of proper medication (as in
pneumonia or dehydration from
diarrhea), drugs should not be rou
tinely provided as the first treat
ment for all conditions.

Drug
acetylsalicylic acid

activated charcoal

antacid

antihemorrhoidal drug

atropine

benzoic acid + salicylic acid

benzyl benzoate

calamine lotion

chlorhexidine solution

chloroquine

chlorphenamine

ephedrine

ergometrine

iodine

ipecacuanha

iron/folic acid

lindane

mebendazole

oral rehydration salts (ORS)

paracetamol

piperazine

tetracycline eye ointment

To Treat
pain, fever, inflammation

swallowed poisons

indigestion, heartburn, and
stomach ulcers

hemorrhoids or piles

muscle spasms

fungal infections

scabies and lice

skin irritation

skin infections

malaria

allergic reactions

asthma

postpartum hemorrhage

iodine deficiency, infections

swallowed poisons (causes
vomiting)

anemia

scabies and lice

parasitic diseases

diarrheal dehydration

pain and fever

ascaris and pinworm

conjunctivitis
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Ointment production in the People's Republic of China.

Most developing countries rely
on imports for a large part of their
annual drug needs. To reduce
the need for foreign exchange,
increase self-sufficiency; and
encourage local employment,
some developing countries have
adopted policies that facilitate
local production of drugs. These
policies include restrictions on
imports of foreign products, prefer
ential buying from local concerns,
and legislation to insure that sub
sidiaries of transnational drug
manufacturers have a high pro
portion of local ownership. There
are still questions, however, as to
the cost-effectiveness of these
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actions. In some countries, local
repackaging of imported bulk
shipments has been instituted.
Regional cooperative efforts, such
as the Latin American Pharma
ceutical Industry Association
(AUFAR), have been organized
as well.

National drug production is also
being encouraged through the
increased use of herbs, both in
traditional forms and as raw
materials for drug manufacturing
processes. A nurnber of the syn
thetic chemicals used in drug
manufacturing were originally
isolated and purified from plant

sources. The National Corporation'
of Herbal, Medicine in the Peoples
Republic of China produces 5,700
types of medicinal plants and
700,000 tons of herbs annually; In
the Philippines, where herbalists
have long provided rural medical
care, the Ministry of Health is
encouraging research on medici
nal plants. Factories are being set
up to process herbs, and the
national formulary lists more than
30 medicinal plants.

Whether drugs are produced
locally or imported, quality
assurance is critical to all drug pro
grams. Developing countries with
limited resources need to know
that the drugs they purchase are
both safe and effective. Unfortu
nately; developing countries often
have neither the facilities nor the
resources to do quality assurance
testing. To help meet the need for
quality assurance for imported
drugs, WHO has instituted a cer
tification scheme that provides
importing countries with informa
tion on whether or not a product
has been approved for use in its
country of manufacture. It also pro
vides assurance that the manufac
turing standards employed are in
line with those recommended by
WHO. Several countries have also
legislated good manufacturing
practices (GMP) for locally man
ufactured pharmaceuticals.

Quality assurance laboratories
have been set up in some devel
oping countries, and regional
laboratories are being used or
planned in others to share costs
among members. WHO has been
coordinating the development of a
network of drug quality control
laboratories in their Eastern Medi
terranean Region.' UNICEF and
WHO also provide quality assur
ance testing for drugs purchased
through their organizations.



Reducing Costs
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COST RECOVERY

In 1982, the Haitian government started operating rural phar
macies in unserved areas. These were initially operated outside of
the Ministry of Health (MOH) because they charged for medica
tion. MOH facilities now participate and in some cases use drug
sale revenues to pay other health costs. In Dominica, a similar
system has been postponed because of political unacceptability.

The recovery of essential drug costs in government health services
by charging consumers for their medications is a controversial
issue. There are a number of arguments for and against such cost
recovery practices:

In any country, cost is a central
issue in drug selection, procure
ment, and availability. While the
annual per capita consumption of
pharmaceuticals in developing
countries is small in comparison to
that of developed countries (U.S. $6
vs U.S. $50), drug purchases can
sometimes account for nearly half
of a developing countrys health
budget. If private sector expendi
tures (including nonprescription
drugs) are added, medication can
account for upwards of 75% of a
countrys total expenditure on
health care.

There are several steps that can be
taken to cut these costs:

. Limited Formulary. Reducing the
number of different drugs, drug
combinations, and formulations
can bring about significant sav
ings in the costs of procurement,
handling, stocking, and training.

. Bulk Purchases. Consolidating
the drug requirements of hospi
tals, clinics, research centers,
and other public sector institu
tions makes it possible to place
large orders at reduced rates.
Neighboring countries can also
combine their orders to negoti
ate for lower prices. Such joint
procurement schemes have
been attempted in several
regions with mixed success.
Algeria and Tunisia purchase
drugs together, as do groups
in the South Pacific and South
America.

. Competitive Bidding. Inviting
several companies to bid on
drug orders has reduced costs
in many countries. UNICEF has
taken advantage of both bulk
purchase and competitive bid
ding to save money by pur
chasing drugs for over 100
countries.

For

Charging consumers
discourages overuse.

It may improve compliance.

The poor already spend
money on nonessential
medications.

Governments can use profits
to finance other health
programs.

. Use of Generics .. Ordering
drugs by their generic names
can reduce overall costs sub
stantially. A patent gives the
developer of a new drug
exclusive rights to produce it
under a brand name for a cer
tain period of time. During that
time, the patent-holder enjoys a
monopoly that enables it to sell
the new drug at a higher price
and recoup research and devel
opment costs. After the patent
expires, any company can pro
duce the drug under its generic
or classification name. Because
of the competition to produce
generics and the absence of
development costs or brand

Against

The poorest may not be able to
afford medicines.

Patients may not choose to
purchase necessary
preventive medications.

Charging for previously free
services may be politically
unacceptable.

name promotion associated with
them (often 20 of the total con
sumer cost), generic drugs are
usually much cheaper.

. Dosage Forms. Limiting the vari
ety and type of dosage forms
can keep costs down. Often, the
same active ingredient is avail
able in more than one dosage
form. Antiemetics, for example,
are available both as tablets and
liquid; ampicillin is available as
a tablet, an oral suspension, and
an injectable. In general, tablets
or capsules are the least expen
sive dosage forms, followed by
oral liquids, and then injecta
bles. For example, the same
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dose of a useful antibacterial on
a UNICEF list is four times more
expensive in liquid than in tablet
form. Although liquids are often
recommended for small chil
dren, most tablets can be dis
solved in water or crushed and
put in food. There is also less
wastage in dispensing and
repackaging tablets than
liquids.

Distribution Systems
Several systems have been used
successfully to deliver drugs to
consumers. Most countries have
a private market system that
includes over-the-counter (OTC)
sales of nonprescription drugs as
well as prescription drug sales
through pharmacies. These sys
tems have the advantage of being
in place and usually operating effi
ciently. Often practitioners dis
pense some of the medications that
they prescribe as well.

Many countries also dispense free
or subsidized drugs through the
national health systems hospitals
and clinics. In some countries,
such as the Philippines, Mozambi
que, and Haiti, the government
has also attempted to extend drug
access to isolated communities by
establishing rural pharmacies that
sell essential drugs at a small profit.

Cooperatives, another organiza
tional approach, are currently
operating in Thailand and in
experimental trials in the Philip
pines. These are usually financed
as revolving funds started with
money raised by the community.
Usually members of the cooper
ative purchase drugs at prices set
just high enough to cover the costs
of restocking, although some in
Thailand are generating enough
profits to fund other investment
projects.

Many countries have more than
one of these systems operating
simultaneously. Parallel private
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and government systems are
the most common combination.
Thailand, with its community
revolving drug funds, has all
three. Some combinations of
systems have also begun to take
place. For example, in Kenya, one
pilot project has started to train
small shopkeepers to distribute
free, government-provided con
traceptive supplies. Some govern
ments are also looking at ways to
reduce their subsidies and make
their systems self-supporting by
having patients pay the full cost of
their medication (see box, page 5).

Transporting drugs is a serious
problem for each of these systems,
and when transportation is avail
able, exposure to extreme heat
and long delays may cause drugs
to lose their strength or expire. Loss
and theft are also serious concerns.

There have been some creative
attempts to solve these problems.
Under Kenyas New Management
Systems of Drug Supplies to Rural
Health Facilities, which started in
1981, sealed, prepackaged "ration
kits" of essential drugs are sent out
to health posts. The kits, which
contain 39 items for health centers
and 31 items for dispensaries, are
transported by private companies
to district and provincial hospitals
from which they are then for
warded to the rural clinics. Con
tracted transportation, which uses
companies already carrying mer
chandise to small shops in rural
areas, is cheaper than maintain
ing a Ministry of Health transpor
tation system for this purpose. In
addition, the sealed, prepackaged
kits reduce opportunities for pil
ferage. Tanzania has started using
a similar system of "ration kits, " but
is using its railway system instead
and transporting prepacked con
tainers of kits for whole regions.

Some of the small drug cooper
atives operating in the Philippines
have solved their shipping prob-

lems by adopting another strategy:
whenever a member has to go to
town on an errand, the manager
checks stocks and, if supplies are
low, asks the member to purchase
the necessary items.

Regulation
In many countries, the distinction
between those drugs available
only on a health workers orders
and nonprescription (OTC) drugs
is not always clear. In general,
OTC drugs decrease medical staff
requirements, decrease the cost
of handling and managing drugs
through public health systems,
and increase the availability of
medicines in isolated areas. One
disadvantage of OTC drugs is the
possible misuse by consumers who
may take the wrong medicine or
dose; another is that the use of
OTCs' may prevent or delay some
people from seeking urgently
needed medical attention. In addi
tion, unless regulated, some OTC
medicines may be offered that are
useless or even dangerous.

The decision as to which drugs
need to be regulated will depend
on balancing the potential benefits
of widespread availability against
the possible harm from misuse.
Many countries have placed some
type of control on OTC drugs,
mostly to exclude those that are
known to be harmful. Fewer coun
tries have moved to create OTC for
mulariesthat eliminate useless
drugs as well as dangerous ones.
Cuba and Bangladesh have
severely limited OTC preparations.
Mozambique has developed a lim
ited OTC retail formulary for rural
non-pharmacy establishments.

Up until now, few countries have
looked at the need for restrictions
on traditional medicines.
Bangladesh, with a long tradition
of homeopathic medicine, is cur
rently considering creating a for
mulary of traditional medicines.
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While many of the decisions
regarding essential drugs are
made at the community level, they
are shaped by national policies
and consumer needs and reflect
issues directly faced by the pri
mary health worker.

Needs Assessment

The estimation of requirements
necessary for bulk drug pur
chasing at the national level is
usually a compilation of similar
estimates made at the local level.
These estimates can be based on
patterns of previous use or on epi
demiological data on disease inci
dence and prevalence.

Previous use estimates are easiest
with systems that are fairly stable
over time and where supply
records have been well kept.

Estimates based on use are less
helpful if the previous use records
reflect shortages of supplies or
unnecessary use or if the popula-

. tion being served is changing
quickly in either size or composi
tion. For example, an influx of refu
gees or outflow of a largely male
population looking for work would
change drug needs in an area.

Estimates based on morbidity data
from either records or surveys may
better reflect the true needs of the
community; but the necessary data
are often difficult and expensive
to collect. These estimates also
require dose and course-of-treat
ment information for each of the
drugs in the formulary. With this
information, and by making some
projections for disease incidence
and demographic profile (the
number of people to be served in
each age group), an initial esti
mate can be made of total drug
requirements for a population of a
given size over a given time. This
method will overestimate expected
drug use if not all patients who
need drugs have access to them.

Often a combination of both
estimation processes are used. A
microcomputer model for planning
drug requirements has been
developed (see Materials Avail
able) that can calculate needs
based either on previous use or
morbidity or both. The model has
been field tested in Indonesia and
Morocco.

Drug Storage

Drug storage requires a room
or building that can be secured
against theft, or contamination
or loss of drugs from insects or
rodents. Additional security, such
as a locked cupboard, is necessary
for controlled substances like
narcotics.

Heat and moisture, especially in
tropical countries, can cause drugs
to deteriorate. Heat damage can
be reduced by choosing a shady,
breezy location and by providing
adequate ventilation. Refrigera
tion is necessary to maintain a cold

chain for vaccines. Good ventila
tion also helps reduce moisture
levels. Tins of tablets should be
kept sealed when not being used.
Tablets or capsules that are pre
packaged in plastic bags should
be used quickly or stored carefully
because polyethylene does not
completely block moisture or air.

All drugs should be labeled with at
least their classification name, dos
age form and strength, and date of
expiration. Flammable and other
dangerous substances should be
marked and stored separately.

Stock Control

Following simple stock control
principles helps to make the best
use of drug resources. Good man
agement procedures can decrease
the chances of overstocking and
having drugs expire or of running
out of an essential drug (stockout).
Good stock control procedures
include:

. Check-in System. Immediately
upon their arrival, check drugs
against order records and pack
ing slips to make sure that none
of the order is missing and that
no mistakes have been made in
the items sent. They should also
be checked for damage and
expiration dates at this time.

. Stock Arrangement. Arrange
drugs alphabetically, by
therapeutic category, clinical
indication, frequency of use, or
a combination of these methods.
Which method·is selected is
less important than that some
systematic arrangement is
maintained.
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ESTIMATING DRUG NEEDS

Morbidity-based needs estimates are calculated by first listing the

expected symptoms, number of cases, and proposed treatment.

The usual divisions are children (under 15 years of age) and adults

05 years and older). For example:

The expected number of cases can be arrived at by using survey

data or from estimates using the population size. Course-of-treat

ment information from the national formulary is then added to the

above estimates of number of cases to give estimated total drug

requirements. For example:

The estimated total drug requirement should be increased to allow

for wastage and to provide a reserve if need increases or replace

ment supplies are delayed. An initial order increase of 25% should

cover these contingencies. Subsequent orders can be modified up

or down to reflect actual use.

. Stock Rotation. Rotating stocks
means using supplies on a "first
in, first out" basis. Note expira
tion dates and mark supplies
nearing expiration so that they
can either be used immediately
or be redistributed for use
elsewhere.

directions/5:2 1 985

. Record Keeping. Keep stock
cards with each drug showing
the drug name I form and dos
age, and minimum reserve
level. This card should have
spaces where each delivery
of new stock, issue, and the
remaining balance is shown.
The stock card should also show

the expiration dates of stocks
received. If drugs are dispensed
upon receipt of a written pre
scription, then these prescrip
tions can be collected and used
at the end of the day to update
the stock cards. Keep a duplicate
of the information on the stock
cards in a record book.



Community health worker training in Nepal.

· Timely Reordering. The reorder
levels marked on each stock
card are based on how quickly a
certain drug is used and on the
maximum time it takes to get a
new shipment. Reordering must
account for both the amount
already used at the time of
reorder and the additional
amount expected to be used
before the next order arrives.
With the prepackaged "ration
kits" used in Kenya, Tanzania,
and Ghana, stock control is
somewhat simplified, but it is
less flexible. ~n Kenya, surplus
drugs are returned to district
or provincial hospitals where
they are used immediately or
redistributed. Shortages are
prevented by increasing the
n umber of kits ordered or
increasing the frequency of
delivery:

Training and Continuing
Education

Training and continuing educa
tion for both prescribers and
dispensers are important in any
essential drug system. Whether or
not a national formulary has been
created, the primary health care
(PHC) workers who prescribe med
ications need to be trained in the
indications for and safe prescrip
tion of the selected drugs.

WHO has drafted drug informa
tion sheets for a core list. of essen
tial drugs that can be adapted by
each country: Each sheet lists the
drug name, indications, summary;
dosage form and strength, recom
mended dosages, precautions,
adverse effects, interactions, and
directions for storage.

Many countries, including Indo
nesia, Nigeria, and Peru, have
produced local drug information
sheets or booklets tailored to their

national formularies. Durable,
pocket-sized references are most
useful. In Sri Lanka, the govern
ment publishes a quarterly called
The Prescriber. It gives up-to-date
information on formulary drugs
and is distributed to physicians
and medical auxiliaries.

In Mozambique, PHC workers are
taught not only about pharmacol
ogy but also about the economics
of drug selection. Bar graphs
showing the relative costs of treat
ing an illness with anyone of sev
eral different drugs are used to
increase prescriber awareness.

The dispensers of drugs also need
initial training as well as continu
ing education. Although there has
been some resistance by health
workers to the idea of allowing
drug dispensers to diagnose i11-

nesses or prescribe treatment, in
isolated areas of many countries
pharmacists or aTC drug sales
people serve as the only available
link between consumers and mod
ern health care. In Nepal, where
many isolated people have no
access to government health facili
ties, extensive training programs
have been held for pharmacists
and shopkeepers who sell OTC
preparations. UNICEF has helped
prepare a practical training man
ual for these courses, which
acknowledges the dispensers
role in drug selection.

A reference manual and manage
ment training courses for policy
makers, prescribers, and dispen
sers have been developed to cover
the selection, procurement, dis
tribution, and use of PHC phar
maceuticals (see Materials
Available).
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Individual Strategies

Individuals may have little control
over the national and community
level policies that determine the
availability of essential drugs.
However, they have complete
control over how those drugs are
finally used. Consumer education
and patient information are two
important ways to influence appro
priate drug use.

Consumer Education

Large scale efforts are necessary
in order to educate the public on
the appropriate use of drugs.
Underuse of drugs is a problem
when people wait too long before
seeking medical help or fail to
complete a course of treatment
because they begin to feel relief
from their symptoms. Overuse of
drugs becomes a problem when
health workers treat patients with
too many or the wrong type of
drugs or when consumers buy
useless and expensive OTC
medications.

In many countries, there is a pre
vailing attitude that any medica
tion, however inappropriate, is
better than none, or that one dos
age form (often injection) is better
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than others. Another common
belief is that purchased medicine
is better than what can be pre
pared at home. This has been cited
as a problem in some programs
designed to get n10thers to prepare
homemade oral rehydration solu
tions. Because these attitudes can
result in the waste of precious
health resources and can
contribute to problems like drug
resistance in microbial strains,
they need to be considered as
serious factors in health education.

Social marketing is one useful
approach that examines such com
munity attitudes with the intent of
bringing about a change in behav
ior. It is based on the consumers
point of view. By finding out which
aspects of a program, product, or
idea appeal to consumers and
which ones do not, the positive
aspects can be stressed and the
unappealing aspects can be mini
mized. Ideas, programs, or prod
ucts are then promoted using
many of the same techniques used
by manufacturers to market prod
ucts such as soaps and toothpaste.
Social marketing has been used
successfully in several countries to
promote oral rehydration therapy
and contraceptive use. A similar
approach might be useful for com
munity education on the appropri
ate use of essential drugs.

Patient Information

The final link in any system
designed to provide essential
drugs is their proper use through
patient compliance. Con1pliance is
a serious problem in both devel
oped and developing countries.
Failure to follow the intended
course of a drug treatment can

occur because the patient does
not understand or remember the
instructions, dislikes the drugs
expected or unexpected side
effects, or stops taking the medica
tion earlier than directed because
symptoms begin to disappear.
Compliance can be increased if
patients understand what kind of
medicine they are taking and why;
possible side effects, directions for
the medicines use, and the impor
tance of finishing the full course
of treatment. Limiting the number
of different medications that are
given at the same time eliminates
nonessential treatments and
reduces the chance of confusion.

All drugs, both prescription and
OTC preparations, should be
labeled with information that
includes the drugs name, form,
strength, proper dosage, and any
warnings, contraindications, or
special instructions for its use. This
information needs to be provided,
whether or not patients can read,
so that someone who can read can
later remind them of the instruc
tions and so other health workers
can be aware of what a patient is
already taking and prevent possi
ble adverse drug interactions.

Pictorial package instructions
for oral rehydration salts.
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Instructions to health workers for using a dosage reminder form.

Drug information materials have
been developed for patients who
cannot read. These use pictures to
represent the amount of medicine
to be taken at different times of the
day; in some cases, these mate
rials also represent the illness for
which the medication is being
taken.

If package inserts accompany
aTe drugs, they need to be written
clearly so that they can be under
stood by patients and health
workers. Brazil recently passed
legislation requiring detailed
patient information for package
inserts. Pakistan has recently
decided that package inserts are
to be printed in the national lan
guage, Urdu, as well as in English,
so that they are easier for patients
to understand. Pictorial directions
for the correct preparation of oral
rehydration solution from oral
rehydration salt tablets have been
developed for aTe packaging
(see photo).

Since acceptability of a medicine
depends on how it is presented,

.packaging can also be used to
increase patient compliance. A
recent study in the Philippines sug
gests that patients had more faith
in commercially packaged prod
ucts than in bulk government
supplies. Some countries have
increased the acceptance of gov
ernment condoms and other con
traceptive products by packaging
them to look more like expensive
commercial products.

Packaging can also provide cre
ative ways to encourage safe and
correct drug use. In the revolving
drug fund in Haiti, drugs are pack
aged only as a complete course

of treatment. This encourages
patients to use their medication
effectively. Another approach to
encourage compliance through
packaging is the blister packaging
used for many oral contraceptives.
By including iron pills for the one
week when contraceptive pills are
not being taken, the habit of taking
one pill each day is not broken.

Essential drugs are vital to primary
health care. The provision of these
drugs is a complex challenge that
needs to be met at the national,

community; and individual levels.
While the establishment of a drug
formulary and standardized treat
ment schedule is best done as a
national policy; there are impor
tant drug issues that need to be
addressed at other levels by health
workers and program managers
as well. Needs assessment, stor
age, stock control, training, and
public education are all necessary
to make the best possible use of the
drugs that are available. National
drug policies can only succeed
where these community and indi
vidual strategies are in place.
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Materials Available

\

INTERCHANGE \
./

The World Health Organization
(WHO) has produced several
useful publications on essential
drugs, including: The Selection of
Essential Drugs, Technical Report
Series 641; The Use of Essential
Drugs, Technical Report Series
685; and the entire July 1984 issue of
World Health. These are available
from WHO regional offices or by
writing to WHO Distribution and
Sales Service, 1211 Geneva 27,
Switzerland.

o
Information on draft Drug Informa
tion Sheets is available from the
Essential Drug Programme (DAP),
1211 Geneva 27, Switzerland.

o
The WHO Expanded Programme
on Immunization (EPn has pro-
d uced a series of 24 booklets on
estimating drug needs and on the
storage and distribution of drugs
and supplies. A list of titles and the
booklets are available from EPI at
the WHO Geneva address.

The Second International Con
ference on Oral Rehydration Ther
apy (TCORT II) will be held
December 10-13, 1985, in Wash
ington, D.C. For further informa
tion, please write to Ms. Linda
Ladislaus, ICORT II Conference
Staff, Creative Associates, Inc.,
Suite 270, 3201 New Mexico Ave
nue, N.W, Washington, D.C.
20016, U.S.A.

•
Three slide sets, Immunization:
Clinical Signs in Six Target
Diseases, The Cold Chain, and
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A comprehensive text on the selec
tion, procurement, distribution,
and use of drugs in primary health
care, Managing Drug Supply, is
available from Management Sci
ences for Health (MSH), 165 Allan
dale Road, Boston, MA 02130,
U.S.A. A French version is avail
able from LU.E.D., Service des
Publications, 24 rue Rothschild,
CH-1211 Geneve 21, Switzerland.

o
Information on MSHs,rriicrocom
puter model for estimating drug
requirements is also available at
their Boston address.

o
A List of Indicative Prices for
Essential Drugs is available from
UNICEF country offices or by writ
ing to The Director, Supply Divi
sion, UNICEF, 866 U.N. Plaza,
New York, N.Y 10017, U.S.A.

D
A bibliography on essential drugs
is available from PATH.

Periodontal Disease, are now
available from Teaching Aids at
Low Cost (TALC), P. O. Box 49, St.
Albans, Herts. AL14AX, U.K.
TALC has also produced a series of
flannelgraphs on tapeworm, hook
worm, and roundworm.

•A "mini-pack" of teaching mate-
rials on leprosy is available from
OXFAM at Oxfam Health Unit,
.OXFAM, 274 Banbury Road,
Oxford OX2 702, U.K. The pack
contains eight documents and
costs£ 10.00 sterling or U.S. $15.



health technology

d irecti[~~"~--U:-3-
_ A __

PATH -20~ogram for Appropriate Technology in Health

Infectious Eye Diseases
Trachoma is the world's leading
cause of preventable blindness. It
affects close to 500 million people,
nearly 7 million of whom are blind.
Onchocerciasis, or river blindness,
infects over 50 million people;
over 1million are blind because
of it. Onchocerciasis is the leading
cause of blindness in some African
and Latin American countries.
These two infectious eye diseases
are the focus of this issue of
DIRECTIONS.

Earlier this year, a DIRECTIONS
issue on primary eye care
(Volume 5, Number 1) examined
the leading causes of blindness
and took an in-depth look at
xerophthalmia (nutritional blind-

. ness) and cataract and their
related technologi,es.

These two diseases, along with
onchocerciasis and trachoma,
account for nearly all of the differ-

·1. Trachoma

ence between the prevalence of
blindness in developing countries
and the substantially lower level
found in many industrialized
countries.

Like xerophthalmia and cataract,
trachoma is found worldwide.
Many of the factors that contribute
to its prevalence and spread are
closely related to the conditions
of poverty under which so much
of the developing world lives.

Onchocerciasis, in contrast, has
a much more limited distribution,
with major pockets of the disease
occurring in West and North
Africa, Central America and
Mexico, and a small part of the
Arabian peninsula. In some of
the most severely infected areas,
virtually whole generations have
been blinded, while others face
a future of repeated exposure that
could lead to the same result.

2. Onchocerciasis

In addition to their importance as
public health problems, trachoma
and onchocerciasis are serious
obstacles to social and economic
development. Not only is the pro
ductivity of those who are blinded
sacrificed, but there are the addi
tional resource costs of their care.

. With onchocerciasis, there are
also the costs involved when fer
tile lands are abandoned by those
hoping to escape the disease.

The diagnosis, treatment, and
prevention of trachoma and
onchocerciasis present serious
program challenges. Because of
the many ways that trachoma can
be transmitted, and because of
the area-specific symptoms and
consequences of onchocerciasis,
programs for both diseases need
to consider the local disease ecol
ogy; that is, the circumstances in.
which these diseases are found.

3. Local Disease Ecology
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Trachoma is a chronic inflamma
tion of the eye caused by a bac
teria-like organism, Chlamydia
trachomatis. Chlamydial infection
of the lining of the upper eyelid
(upper tarsal conjunctiva) causes
swelling and eventually scarring
of this membrane. A single infec
tion or even a few infections with
chlamydia will usually heal with
no long-term ill effects. Repeated
infection, however, leads to thick
ening and deformity of the eyelid
margin, causing it to turn inward
(a condition called entropion).
Entropion causes the eyelashes to
turn into the eye (a condition called
trichiasis). This inward deviation
of the eyelashes abrades the .
cornea, the transparent window
covering the iris and lens. Corneal
abrasion can cause ulcers and
the formation of scar tissue that
clouds the vision and can lead
to blindness.

Recent research has distinguished
two sets of C. trachomatis strains
or serotypes that usually result in
two different disease conditions.
One set, C. trachomatis serotypes
A,B,Ba,C, and sometimes D,
causes potentially blinding tracho
ma characterized by conjunctivitis
(inflammation of the conjunctiva).
These serotypes are usually
spread by eye-to-eye transmission
and cause the chronic disease
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condition found in endemic or
hyperendemic communities (ones
with many cases of trachoma
caused blindness).

The other set, C. trachomatis
serotypes D,E,F:G,H,I,J, and K,
usually produces a more severe
eye inflammation of shorter dura
tion and is less commonly found
in hyperendemic communities.
These serotypes are associated
with conjunctivitis and respiratory
infections in newborns and with
genital tract infections in adults.
This type of trachoma can be
transmitted by sexual contact.

Some trachoma experts now
believe that the serotypes of
chlamydia are a less important
determinant of the resulting dis
ease condition than is the clinical
setting. This school of thought
holds that the severity of eye
inflammation results more from
factors like the frequency of in
fection and concurrent bacterial
infection than from serotype.
There is now some experimental
evidence to support this concept.

Endemic trachoma is transmitted
from person to person by several
means. Direct transmission occurs
most often in crowded households
or other places where people live
in close contact. Chlamydia can
be spread in this kind of environ
ment by children touching the
watery discharges from their eyes
and spreading the infection to the
hands or faces of others. Similarly,
chlamydia can be spread indi
rectly by fomite transmission
through intermediate objects,
such as face cloths, towels,
mothers' shawls, and in some
Middle Eastern countries, eye
make-up applicators.

Carriage of the organism from
other reservoirs such as the nose,

ears, genital tract, and rectum
may be another means of infec
tion and reinfection. Chlamydia
has been cultured from discharges
from all of these sources, which
means that if only the eyes are
treated, people can be reinfected
from their own extraocular reser
voirs. In most cases, however, it
is believed that reinfection comes
from contact with another infected
person.

In some communities there are
large numbers of eye-seeking
flies, which may also be a mode
of chlamydia transmission. In
many areas, communities suffer
from yearly or twice-yearlyepi
demics of bacterial conjunctivitis
that coincide with increases in the
population of eye-seeking flies.
Studies have shown that bacteria
and possibly chlamydia can be
transmitted by these flies and that
the combined effect of both types
of infection increases the risk
of blindness.

When trachoma is hyperendemic,
most children are infected before
two years of age. Young children
represent the main pool of active
trachoma infection in communi
ties. The frequency and severity
of infection decreases with age,
although some adults, especially
women, continue to have active
signs of the disease even when
they get older. That is believed
to be because of their close con
tact with children. Because of the
concentration of the active disease
in children and their mothers,
trachoma has been called "the
disease of the creche." It is uncer
tain why adults generally have
less frequent and less acute
trachoma symptoms. It is possible
that they develop some degree of
immunity over time, although this
has not been shown conclusively.
The lesions of the cornea, which



cause vision impairment and
blindness and are usually seen
in adults, are believed to be the
consequence of scar tissue for
mation from repeated attacks
of inflammatory disease earlier
in life.

A community suffering from
endemic trachoma can be rec
ognized by the number of adults
with trachoma-related vision
impairment or blindness from
corneal scarring. If a community
is endemic for trachoma, then
there will also be a large number
of cases of entropion/trichiasis.

Diagnosis
Field diagnosis of trachoma is
made by a simple examination
using a hand lens. Diagnosis is
easier using a slit lamp, but this
is a large and expensive piece of
equipment usually not available
in the field. In a nonendemic
area, an individual case must
have two of the following signs
to be considered positive:

1. Greyish granules on the
lining of the upper eyelid
(follicles on the upper tarsal
conjunctiva).

2. Fine linear and star-shaped
scars (typical conjunctival
scarring).

3. Greyish granules or pitting
of the corneal-scleral border
(limbal follicles or their

Retina

Cornea
Optic nerve

sequelae, Herbert's pits).
4. Shallow infiltration of blood

vessels at the upper corneal
scleral border (vascular
pannus most marked at the
superior limbus).

In an area where trachoma is
endemic, the presence of anyone
of the above signs is considered
sufficient for a positive diagnosis.
WHO is currently revising its sys
tem for diagnosing and grading
the severity of trachoma.

There are several other condi
tions that can cause conjunctivitis
similar to that seen in trachoma
infections. However, differential
diagnosis of these conditions is not
absolutely necessary in primary
health care situations since the
topical antibiotics usually used
for treatment of trachoma are not
only generally safe but are also
useful in the treatment of bacterial
infections.

Treatment programs seldom do
laboratory analyses to confirm
the presence of chlamydia or to
determine the infecting serotype
because this information is not
necessary for treatment. However,
such tests are useful for epidemi
ological studies, for assessing
interventions and for monitoring
treatment and control programs.
The organism itself can be identi
fied after culturing it. Newer
diagnostic procedures identify
either chlamydia antigens from

Conjunctiva

3

eye smears or antibodies that are
found in tears. These techniques
are expensive and not cost effec
tive for use in treatment programs.
Research is continuing to develop
simpler and less expensive diag
nostic tests.

Treatment
The treatment of trachoma falls
into two main categories: chemo
therapy to treat the chlamydia
infections themselves and cor
rective surgery for entropion/
trichiasis.

Chemotherapy

Chlamydia infections respond
to treatment with most of the anti
biotics that are used for bacterial
infections. These antibiotics are
administered topically, either as
an eye ointment or suspension, or
systemically, by mouth or (rarely)
by injection.

Topical antibiotics are most fre
quently used in mass trachoma
treatment programs. These are
administered using either "inten
sive" or "intermittent" schedules.

The intensive schedule consists of
twice-daily treatment for a period
of six weeks or longer and is used
to treat moderate or severe cases.
The intermittent schedule, which
has long been recommended by
WHO for treatment of populations
in endemic areas, calls for twice
daily treatment for three to five
days each month over a period
of at least six consecutive months
per year. This regimen has been
shown to suppress the intensity of
inflammation and thus to reduce
the occurrence of blinding com
plications for the period of treat
ment. Unfortunately, it has little
effect in preventing reinfection
after therapy ends.

The most commonly used topical
antibiotic is 1% tetracycline eye
ointment. Erythromycin ointment

directions/5: 3 1 985



4

(1 %) and rifampicin ointment (1 %),
although as effective as tetracy
cline, are rarely used because
they are much more expensive.

Systemic treatment with oral
antibiotics is usually used only
in individual cases of moderate
or severe trachoma, although
oral doxycycline has been used
experimentally in mass treatment
programs. One advantage of oral
treatment is that oral dosages are
easier to administer than eye
ointment; in addition, systemic~

treatment is also effective against
nasopharyngeal, genital, and
rectal carriage of chlamydia. Trichiasis/entropion

The main disadvantages of sys
temic treatment of ~hlamydia
infections are its high costs, the
potential for allergic or other ad
verse reactions, and concern over
the possible development of drug
resistance. Tetracycline, erythro
mycin, and sulfa drugs are all
effective systemic antibiotics for
use against chlamydia infections.
Systemic sulfonamides have
generally been avoided because
of the severe allergic reactions
they cause in a very small per
centage of patients. Sulfa drugs,
however, have been used with
great success in a large program
in Australia. Systemic tetracy
clines are contraindicated for
pregnant women because they
may cause birth defects. Systemic
tetracycline is also not recom
mended for children under ten
years old because it can cause
staining of the teeth or slowed
bone growth. These side effects
are less evident with oxytetracy
cline and doxycycline. Erythro
mycin is suggested for pregnant
women and nursing mothers;
however, it is more expensive
than the other systemic antibiotics
and it also may be slightly less .
effective than tetracycline. Strep
tomycin and neomycin are not
effective against Chlamydia
trachomatis.
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The use of systemic tetracyclines,
erythromycin, and sulfona
mides has not yet been shown
to have caused resistant strains
of chlamydia. There is concern,
however, that their widespread
use may lead to resistance in
other bacterial pathogens.

Surgery

Trained medical auxiliaries can
perform simple corrective surgery
for entropion/trichiasis either in
community health centers or from
a mobile unit. In the most common
surgical procedure, an incision
is made along the upper eyelid
edge; then the incised outer piece
is folded back on itself and stitched
in place. This repositions the eye
lashes so that they face outward
again. Antibiotic eye ointment
is applied daily until the sixth
day after the operation, when the
stitches can be removed. Dissolv
ing sutures are sometimes used.
The surgery is usually done as
an outpatient procedure.

Prevention
Because many factors can contrib~

ute to trachoma-related blindness
in communities, it is useful to think
of trachoma prevention strategies
in terms of community ecology:

While eye-to-eye transmission
and infection from extraocular
sources are the most important
modes of trachoma transmission,
their relative importance may
vary in different settings. It is also
important to examine exactly how
eye-to-eye transmission takes
place. In some areas, dust and
smoke may aid transmission by
increasing discharges from the
eyes. In some communities, a high
frequency of other bacterial infec
tions may be an important factor
in trachoma-related blindness.
Although flies are now generally
believed to be a less important
mode of chlamydia transmission,
they may still playa role in some
communities. Understanding the
community ecology of the disease
is essential to the design of a good
prevention progFam.

Trachoma was a major cause of
blindness in North America and
Europe in the 1800s. The disap
pearance of the disease in these
countries is often attributed to
"progress" or "development"
without a clear understanding of
which specific changes caused
the decline. The availability and
use of water for personal hygiene
is believed to be one of the
changes that may be of particular
importance. Some research indi-



Trachoma victim with head strap and tweezers to
remove inturned lashes

cates that while the availability of
water is one contributing factor in
controlling trachoma, water use
practices are even more critical.

Recent work in Mexico found
frequent face washing to be the
single most important factor in
determining the incidence of
trachoma in the communities
that were studied. The quality or
cleanliness of the water and the
use of soap were not significant.
Drying the face or wiping the nose
on clothing, behaviors believed to
help spread chlamydia infection,
were only a secondary factor in
these settings. Similar results
were found in Malawi. These find
ings suggest that frequent face
washing may be an important
way to prevent trachoma in other
communities aswell.

In con1munities where specific
practices, such as sharing eye
cosmetic applicators, seem to
favor trachoma transmission, or
where lack of sanitation makes
eye-seeking flies a serious prob
lem, these can be addressed in
a trachoma prevention program
as well.

In endemic trachoma areas, mass
treatment with topical antibiotics

using the intermittent schedule
described above may help control
trachoma transmission. However,
the ease of reinfection and the ex
pense and complexity of mount
ing this kind of program make
periodic mass drug treatment
campaigns unattractive as long
term solutions. Also, systemic
antibiotics are not generally
recommended for prevention
programs for the same reasons
that they ~re avoided in treatment
programs.

Much work has been done to
develop a vaccine for trachoma,
but the first research results were
disappointing. The early vaccines
were only protective for one to
two years. More recently; with the
development of monoclonal anti
bodies and other technologies,
researchers are attempting to
identify and isolate antigens
that could lead to a vaccine with
longer-lasting immunity: At pres
ent, however, immunization is not
used as a prevention strategy:

Program. Concerns
Because health staff resources are
often over-extended· in developing
countries, and because reinfec-
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tion is common in areas with en
demic trachoma, programs may
need to rely on self-diagnosis and
treatment. Also, many of the best
trachoma prevention strategies
require behavioral change. For
these reasons, it is essential to in
volve the community in trachoma
programs.

Community trachoma programs'
should:

• Analyze the local trachoma
ecology; looking at the con-
texts in which the disease
occurs in the community:
Assess the severity of the prob
lem, who is being affected,
and the most important modes
of transmission.

• Design prevention strategies
adapted to the specific local
conditions. These might in
clude:healtheducationto
improve personal hygiene
or to change trachoma-pro
moting behaviors; structural
changes to improve water
access and sanitation; and
in the short term, intermittent
provision of topical (and
possibly systemic) antibiotic
therapy in endemic areas.

• Provide topical antibiotic
therapy for individuals with
active or acute trachoma,
corrective surgery for individ
uals with entropion/trichiasis,
and rehabilitation and other
services for those already
blinded by trachoma.

•. Evaluate the progress of the
ongoing program and track
changes in the community
trachoma situation.

National health programs can find
ways to promote these goals by
providing necessary personnel,
training, equipment, medication,
and other resources to support
community level programs.
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Onchocerciasis

Onchocerciasis is a blinding
disease caused by the parasitic
filarial worm Onchocerca volvu
lus. Onchocerciasis is transmitted
by the Simulium species of black
flies, which live near fast-flowing
rivers in some areas of West Afri
ca, Central.and South America,
and Yemen. Because the disease
is spread by flies that breed in
rivers, it is sometimes called river
blindness.

Onchocerca volvulus exists in two
forms in human ~eings: as adult
worms (macrofilaria) and as their
non-reproducing offspring (micro
filaria). When a simulium blackfly
bites an infected individual, it
picks up some of the microfilariae
in its blood meal. The microfilariae
undergo changes in the blackfly
and become infective larvae that
are transmitted back to humans in
a subsequent bite. The infective
larvae develop into male and
female adult worms in their
human hosts, often forming nod
ules, or tightly packed balls of
adult worms that are palpable
just under the skin. After the adult
worms mate, the female release~

non-infective microfilarial em
bryos. Each female can release
hundreds of thousands of these
embryos over the course of her
ten-year life span. These embryos
develop into microfilariae that are
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picked up by biting blackflies to
start the cycle again. The number
of adult worms is only increased
by each new infection from a
simulium blackfly:

Onchocerciasis is a cumulative
disease in the sense that the clini
cal symptoms increase with the
number of infections over time.
These symptoms are: nodules, ,
itching, skin changes, lymph
blockages, sometimes general
debilitation and fatigue, and eye
involvement. Most of these symp
toms result from inflammatory
responses to the death of micro
filariae in body tissues. Living
microfilariae seem,to avoid these
host immune responses, possibly
either by disguising themselves
with molecules borrowed from the
host or by inactivating parts of the
host's immune response system.
When microfilariae die, either
of natural causes or because of
drug treatment, they are again
recognized by the immune system
and consequently cause severe
localized inflammatory reactions.

Onchocercal eye disease is
caused by the inflammation and

O. volvulus microfilaria

subsequent scarring of eye tissue
that has been infiltrated by micro
filariae. The eye symptoms of
onchocerciasis are: photophobia,
pain, restricted visual field and
acuHy; and less often, night
blindness. Severe cases result in
total blindness. Blindness most
frequently develops in young
adult males between the ages of
15 and 45. It is believed that males
are more susceptible because
fishing and farming may bring
them into more frequent contact
¥lith infected blackflies. There is
no evidence to date that differ
ences in male and female body
chemistry play a role.

The first ocular sign of onchocer
ciasis is microfilariae in the eye
itself. Corneal involvement first
appears as "fluffy" cloudiness
(punctate keratitis) that may be
visible using a hand lens or slit
lamp in direct eye examinations.
Punctate keratitis is reversible,
and sometimes disappears as the
dead microfilariae are dissolved
and absorbed by the body: Heavy
or frequent infections cause irre
versible corneal scarring in the
form of sclerosing or hardened
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Corneoscleral punch being used to take a skin snip

keratitis, which results in blind
ness. Microfilariae invade other
eye tissues as well as the cornea;
infiltration of the anterior cham
ber, sclera, iris, lens, and retina
can all cause vision problems
that can contribute to or cause
blindness.

The symptoms and course of
onchocerciasis vary with geo
graphic location and possibly
with differences in the parasite
and the simuliumblackfly as well.
In the savanna zones of Sudan,
for example, onchocerciasis is
characterized by a higher prev
alence of corneal scarring than
is found in the rain forest zone.
In Yemen, patchy darkening of
the skin with papular eruptions
(called sowda) together with

'lymph node swelling in one
extremity is much more common
than is found with onchocerciasis
in other parts of the world. Re
search to determine the cause of
these differences is continuing.

Diagnosis
The standard diagnostic test for
onchocerciasis.involves taking a
small piece of skin, usually from
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over each iliac crest (at the hip),
using either a razor blade or a
special corneoscleral punch. The
sample can be standardized for
quantitative tests by weighing
it. In the past, snips were taken
from the juncture of the lower
and upper eyelid (outer canthus).
However, because outer canthus
snips are painful and can leave
scars, these are now rarely done,
although sometimes snips are
taken from the shoulder.

Skin snips are submerged in either
Ringer's solution, saline, or distilled
water for varying periods of time,
usually from one-half hour to two
hours, so that the microfilariae will
leave the skin. A more sophisti
cated technique uses collagenase
to dissolve the skin, making it
easier to locate microfilariae in
very light infections. Collagenase
is usually used only if a suspected
positive snip tests negative. In
snips with moderate microfilarial
loads, collagenase increases
yields by only about five percent.
After preparation, samples are
examined microscopically and the
microfilariae are simply counted.
Fewer than 20 microfilariae per
milligram (mf/mg) of skin indicates
a light load; 20 to 100 is considered
moderate to heavy:
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The Mazzotti provocative test, a
noninvasive qualitative test for
onchocerciasis that was once
widely used, is no longer recom
mended. This test made use of an
allergic reaction, experienced by
people infected with O. volvulus,
to a single oral test dose of 25-50 mg
of diethylcarbamazine (DEC).
Even in lightly infected people,
Mazzotti reactions are unpleasant,
with symptoms including itching,
swollen lymph nodes, fever, and
head and body aches. In heavily
infected people, the allergic reac
tion can be very severe and can
result in shock, loss of conscious
ness, and rarely; death. These
dosage levels of DEC have also
been shown to cause, eye irritation
when microfilariae are present
and can increase the risk of per
manent damage to the eye. For
these reasons, this test is no longer
being used.

Researchers have recently devel
oped a patch test for onchocer
ciasis using the Mazzotti reaction,
but based on topical rather than
systemic doses of DEC. A small
amount of 10% DEC in Nivea
cream is applied to the skin and
covered with a dressing. The
treated skin is examined between
8 and 24 hours later for signs of
irritation (a papular rash). The
number of false negatives in
lightly infected individuals can
be decreased by testing multiple
sites on the body: Early indica
tions are that the DEC patch test
is both safe and fairly reliable.

As with trachoma, onchocerciasis
can also be diagnosed by direct
examination of the eye. This
requires a slit lamp, a piece of
equipment not well suited to
community-level diagnosis. Also,
because individuals may have
a moderate infection of O. volvu-

, Ius before any eye involvement
occurs,· direct examination is
often an unsatisfactory means
of diagnosis.
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Serological tests for onchocer
ciasis have been developed to test
for either O. volvulus antigens or
the antibodies that the immune
system has produced against
them. The main drawback of
antibody tests is that they do not
discriminate between present and
past infections. Tre serological
tests that are currently available

Slit lamp examination

also have difficulty differentiating
O. volvulus from other filarial
and some nonfilarial infections.
These tests are being refined and
research is under way to simplify
them for use in community
settings.

Treatment
The two main types of onchocer
ciasis treatment are chemother
apy and surgical removal of the
nodes (nodulectomy).

Chemotherapy

The two standard drug treatments
for onchocerciasis are DEC and
suramin. Each has severe limita
tions. DEC can cause the Mazzotti
reaction described in the section
on diagnosis. For that reason, and
because it can cause irreversible
retinal and optic nerve changes,
decisions to use DEC must be
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carefully considered. DEC is not
effective against adult worms;
although it immediately reduces
the microfilarial load, the number
of microfilariae usually increases
to pre-treatment levels within a
year, as the adult worms continue
to reproduce. Lower DEC doses
have been tried in order to limit
the Mazzotti reaction, but the side

effects persist for most patients
even at DEC levels too low to be
of any therapeutic value. Several
studies of combined therapies
have been done using DEC and
anti-inflammatory drugs to
combat the Mazzotti reaction.
Antihistamines, aspirin, and
steroids have all been successfully
used to alleviate some Mazzotti
reaction symptoms, but no treat
ment has yet been found that
prevents the reaction itself.

Suramin, which kills adult worms
and is somewhat effective in kill
ing microfilariae, is a dangerous
drug. At therapeutic dosages,
suramin can cause optic nerve
disorders, kidney disease, and
death. Safer doses are often too
low to kill all of the adult worms.

Benzamidazoles have recently
been identified as a group of com
pounds effective against filarial

infections. They work by prevent
ing the maturation of microfilarial
embryos in the adult female worm.
The total number of viable micro
filariae decreases as they die off
and are not replaced. Because
they do not work by killing either
adultworms or microfilariae,
benzamidazoles do not usually
stimulate a Mazzotti reaction.
Mebendazole and flubendazole
are the two benzamidazoles that
have been most widely tested as
treatments for onchocerciasis.
Mebendazole, which is effective
at high dosages, can cause birth
defects in animals and is therefore
probably unacceptable for use in
humans. Mebendazole also kills
some microfilariae, which some
times leads to a slight Mazzotti
reaction, and can cause white
blood cell imbalances. Fluben
dazole has neither of these dis
advantages, but it is expensive,
and the duration of its effect is
still under study; Both drugs are
difficult to absorb and research
is continuing to try to develop
better oral formulations.

Ivermectin, a relatively recent
drug, has been found to be effec
tive against a related cattle filarial
parasite, O. gibsoni, and is now
being tested in humans. Available
as an oral dose, it appears to kill
microfilariae without causing a
Mazzotti reaction. Initial studies
indicate that ivermectin is both
safe and effective. If further tests
confirm this, ivermectin will be
a useful replacement for DEC.

Several other compounds are
currently being screened for use
against onchocerciasis. Much of
this work is being coordinated by
the Onchocerciasis Chemother
apy Project within the WHO On
chocerciasis Control Programme
(OCP) (see box, page 10).

Surgery

Nodulectomy is a procedure
commonly done in Central and
South America where macrofi-
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larial nodules occur on the head
and upper body more frequently
than in other regions. One prob
lem with nodulectomy is that deep
nodules are often not palpable;
also, female adult worms may
release microfilariae before they
form nodules. Further, there is
some debate as to whether the
removal of palpable lumps of
adult worms from the head de
creases the likelihood of micro
filariae infiltrating the eye.
However, nodulectomy is still
recommended, especially for
head nodules in children. Sim ulium black fly
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Prevention
Four main strategies have been
pursued to prevent onchocerciasis:
vector control, relocation, chemo
therapy; and immunization.

Vector control programs use in
secticides to reduce the simulium
blackfly population and thereby
decrease the spread of the dis
ease. The most extensive control
program of this type is the OC~
In the 1950s, onchocerciasis was
eradicated in large tracts of
Uganda and Kenya where DDT
was used to kill off the blackfly
population. More recently; !ocal

. vector control programs have
been attempted in the Sudan and
Guatemala with some good re
sults. These programs have used
applications of a solid larvicide
called temephos (anorganophos
phate marketed unde]' the~brand
name Abate) in streams where
simulium blackflies breed. The
success of these programs de
pends on having access to breed
ing areas and on the volume of
water to be treated. Where the
volume is too great, treatment
costs are prohibitive. The replace
ment of earthen causeways by
raised bridges and the elimination
of dense vegetation from breeding
areas have also been effective in
experimental trials in the Sudan.

Relocation of villages from the
banks of infested rivers is a useful
prevention strategy when vector
control is either too difficult or ex
pensive. However, many villagers
are reluctant to move from the
fertile farmland found on river
banks. In addition, many villages
rely on the rivers either for water
supplies or for fishing. In villages
where infrastructure such as
health centers, wells, or roads
is already in place, relocation
is even less desirable. In some
cases, even relatively minor
changes, such as moving 500
meters or changing the river
bank area used for washing, can
have a dramatic impact on the
incidence of infection.

Chemotherapeutic prevention is
of two types: chemoprophylaxis to
prevent individual infection, and
treatment of severely infected
cases to slow the spread of the
disease in the community: The
unpleasant side effects of low
doses of DEC make it unattractive
for prophylaxis. However, experi
mentation h.as recently begun
using ivermectin. While neither
DEC nor ivermectin is a true pro
phylactic (because each allows,
infection and development of adult
worms), low-dosage suppression
treatment with ivermectin would
reduce the microfilariae load to a
level where there would be no eye

. involvement. A new drug implant
delivery system, hydrogelloz
enges that allow slow, continuous
absorption of low dosages of med
icines for periods of up to a year,
is being investigated as well.

The treatment of severe cases of
onchocerciasis to slow the spread
of the disease relies on inpatient
facilities and will only become
feasible with the development of
safer drugs. The administration of
both DEC and suramin requires
careful supervision and controlled
conditions for observation and
treatment of side effects. Because
DEC treatments can sometimes
worsen eye conditions, treatment
can only be recommended for
patients with severe, sight-threat
ening cases of the disease.

Much research has been done to
find a vaccine for ohchocerciasis,
with little success so far. More
information is needed on how the
different life stages of the parasite
interact with the human immune
systems before development of
a vaccine is likely:

Program Concerns
Two of the main program con
cerns for onchocerciasis are
the diagnosis and selection of
patients for treatment and the
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mechanics of treatmentdistribu
tion. These are important issues
because the drugs currently
available for treatment may
worsen existing eye problems
or cause other illness or death.

Vector control programs raise
other issues. Large scale pro-

grams, such as the OC8 are'ex
pensive and require international
coordination and cooperation to
succeed. Devolution, or turning
the management of vector control
over to the local population, is an
important goal of these programs.
In local vector control programs,
the concerns include limiting the

blackfly populations effectively
without sophisticated monitoring
systems or expertise, and pre
venting repopulation by flies
from outside the treated areas.
For both local and international
programs, vector resistance and
lack of resourc~s are significant
constraints.

ONCHOCERCIASIS CONTROL PROGRAMME

The Onchocerciasis Control
Programme (OCP) was orga
nized within WHO to cornbat
onchocerciasis in the Volta
River basin area of West Africa.
In 1974, seven countries
Benin, Burkina Faso, Ghana,
Ivory Coast, Mali, Niger, and
Togo-joined together with
international donor agencies
to start an integrated program
of vector control, surveillance,
and socio-economic develop
ment. In 1984, four additional
countries-Guinea, Guinea
Bissau, Senegal, and Sierra
Leone...:-also joined.

The program relies on vector
control and uses carefully or
chestrated insecticide treat
ments and a sophisticated
helicopter and airplane deliv
ery system. Temephos is the
most widely used insecticide,
but in the southwestern part
of the region two other insec
ticides-chlorphoxim and B.t.
H-14 (marketed as Teknar)
have been used because
blackflies there have devel
oped resistance to temephos.
Teams of "vector collectors"
regularly monitor 270 adult
blackfly catching points
throughout the region and pro
vide information for planning
the frequency and timing of
insecticide treatments.

The OCP also evaluates the
progress of the control pro-

gram by studying the human
population for disease trans
mission and development, does
research on new insecticides,
chemotherapy; and diagnos
tics, and has projects for the
resettlement of formerly infested
areas where the blackfly popu
lation is now under control.

Boy leading a blinded elder

The costs of this program have
been high. Expenditure in
the first phase 0974-1979) was
U.S. $58.3 million. Estimated
costs from 1980 to the present
are U.S. $111.9 million. Total
OCP costs measured in 1983
prices peaked in 1980 and
have declined slightly since.

The achievements of the OCP
after ten years of active control
measures are impressive. Al
most none of the children born
in the last ten years in 90% of
the program area have oncho
cerciasis, and the number
of live worms in adults has
decreased in many areas by

50%.'The transmission cycle
has been broken, and many
of those infected before the start
of the program are recovering
from their old infections with
little or no risk of becoming
blind.
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Local disease ecology is the con
text or local surroundings and
circumstances in which a disease
is found. A single drop of water
may be a chlamydia-infected tear,
part of a face-washing campaign
to prevent trachoma, or from a
blackfly-infested river. Which
of these is the case only becomes
clear when it is put into context. In
the same way, diseases need to be
understood in terms of their local
circumstances or surroundings
before effective primary health
care programs can be designed.

Trachoma and onchocerciasis
are both diseases that need to be
understood in terms of their local
context or ecology. With onchocer
ciasis, the clinical manifestations
of the disease change depending
on the geographical area in which
it is found. For example, the head
nodules common in Central and
South America and the patchy
darkening of the skin common in
Yemen are rarely seen in Africa.
Even within a single country, such
as Sudan, onchocerciasis in differ
ent ecological zones can be char
acterized by distinctly different
symptoms and, more importantly,
different disease outcomes. In the
Sudan savanna zone, for instance,
the prevalence of blindness from
onchocerciasis is at least two and
one-half times as high as it is in

the forest zone, even though forest
zone residents are heavily infected
with the disease.

Some onchocerciasis programs
have looked for ways to adapt
to these local variations. Recent
work on vector control in the
Sudan recommends separate
approaches for each of three
regions that differ in their disease
outcomes and site accessibility
for larvacide programs. In Guate
mala and Mexico, research indi
cating that onchocerciasis may
be spread partially by annual
religious pilgrimages and by
the movement of migrant farm
workers suggests control methods
aimed at these groups.

The ecological issues important to
trachoma are less those affecting
the variations in the chlamydia
organism than those surrounding
the transmission of the disease
and concurrent factors that con
tribute to corneal damage. Be
cause transmission of chlamydia
takes place both directly between
individuals and through a variety
of objects, interactions between
i~dividualsand the objects they
use become important. Patterns
of child care and style of clothing
may be as important in some
areas as family hygiene or a fly
vector is in others. Concurrent
bacterial infections can add to
corneal damage as well as cause
inflammation and eye discharges
that help spread chlamydia. The
same effect is apparent in areas
where blowing dust or sand is
a problem. All of these factors
should be considered in selecting
or emphasizing appropriate com
ponents for local interventions.

Some trachoma programs have
also successfully adapted to local
disease ecologies. Trachoma
case identification and treatment

programs developed in southern
Morocco in the 1960s were orga
nized to take into consideration the
seasonality of both trachoma and
bacterial conjunctivitis. Trachoma
programs in Taiwan from the
same period studied local disease
characteristics to determine treat
ment schedules and drugs most
appropriate to the local forms of
the disease.

In Yugoslavia, local programs
have been adapted to take into
consideration the falling preva
lence and incidence rates result
ing from the success of their
treatment and prevention pro
grams. Detection of new cases
became more difficult when
health workers saw them less
frequently. The choice of treat
ment was also modified to reflect
the changed conditions. With
fewer cases, the emphasis on self
treatment with topical antibiotics
could be shifted towards a greater
use of systemic antibiotics under
the supervision of health per
sonnel. Finally, the initial level
of resources expended for health
education and program staff could
no longer be justified and had to
be reduced.

Community health resources
provide another context within
which local interventions should
be considered. Most trachoma
interventions and all but the large
scale onchocerciasis vector control
programs are add-ons to existing
health programs; few countries
have trained health personnel
to work specifically with these
diseases.

The choice of the best intervention
or combination of interventions
requires an understanding of
community health resources as
well as local disease ecology. The
availability of a health educator
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or good clinical staff and facilities
may determine the feasibility of
a health education campaign or
interventions that rely on good
diagnosis, treatment, and follow
up. Active community organiza
tions may enable a community to

Strategies for the Prevention
of Blindness in National
Programmes. A primary health
care approach is available from
World Health Organization (WHO)
regional offices or by writing to:
WHO Distribution and Sales
Service, 2111 Geneva 27,
Switzerland. WHO also publishes
a short, annotated bibliography
of their publications and articles
on blindness entitled Prevention
of Blindness. It is available at
the Geneva address.

D
For information on the WHO On
chocerciasis Control Programme
(OCP), write to: OCR RO. Box
549, Ouagadougou, Burkina Faso.

o
Three slide sets, Primary Eye
Care, Xerophthalmia, and
Onchocerciasis, are available
from Teaching Aids at Low Cost
(TALC), RO. Box 49, St. Albans,
Herts. ALl 4AX, U.K.

Slide sets on Dentistry, Weaning
Foods, Leprosy, and Schistoso
miasis, are available from Teach
ing Aids at Low Cost (TALC) at the
above address.

•
A new WHO publication, Essen-
tial Drugs Monitor, is a news
letter produced and distributed
by the WHO Action Programme
on Essential Drugs and Vaccines.
It can be obtained by writing to:

implement a local vector control
program that could not succeed
in communities not having these
organizations. Careful considera
tion of local ecology will greatly
aid the design and implementa
tion of disease control programs.

Three slide sets on xerophthalmia
are also available from, Helen
Keller International (HKI). They
are Clinical Characteristics and
Management of Xerophthalmia:
A Teaching Guide for Physicians,
The Prevention of Xerophthalmia
and Nutritional Blindness, and
A Manual for Training Health·
workers in the Recognition,
Treatment and Prevention of
Vitamin A Deficiency: Signs and
Symptoms of Nutritional Blind
ness. HKI has also produced a
brochure entitled Know the Signs
and Symptoms of Xerophthalmia,
and a Xerophthalmia Treatment
and Prevention Schedule. For
information on these and other
materials, write to their Technical
Services Division, HKI, 15 West
16th Street, New York, NY 10011,
U.S.A.

D
. A bibliography on trachoma and

onchocerciasis is available from
PATH.

Essential Drugs Monitor, WHO,
CH-l211 Geneva 27, Switzerland.

•Topics for two future DIRECTIONS
issues will be tuberculosis and
children's accidents and injuries
and their related technologies.
Readers knowing about or work
ing in innovative primary health
care programs in these areas are
encouraged to send information
or materials to the editor.
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-Tuberculosis
According to World Health Organ
ization (WHO) estimates, at least
three million people die each year
of tuberculosis. Every year four
to five million new infectious
cases are added to the statistics,
and the same number of noninfec
tious cases develop, many of
which will later become infectious.

In many developing countries
tuberculosis is a major health '
problem. In.the Philippines nis
the second leading cause of
death. It is estimated that in India
there are nearly ten million active
adult cases. Case rates for Latin
America and Africa are also high,
and because tuberculosis is often
undiagnosed, morbidny and mor
tality statistics in most countries
are believed to considerably
underestimate the actual prob-

Description and Diagnosis

Volume 6, Number 1

lem. Tuberculosis rates are also
difficu~ to quantify because only a
small proportion of those infected
by the causative agent develop
clinical signs.

Tuberculosis is not a new dis
ease; the ancient Greeks recog
nized it, and skeletal remains from
other early cultures suggest its
presence. It did not become
endemic, however, until the rise
of urban centers where the dis
ease could spread easily. Today
tuberculosis is still most highly
concentrated in urban areas
where poverty, malnutrnion and
over-crowding are found.

In 1882, Robert Koch identified
the organism responsible for
tuberculosis, Mycobacterium
tuberculosis. Overone hundred

Treatment
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years later, in spite of the devel
opment of accurate diagnostics,
immunization programs, and
effective drugs fortreatment, the
incidence rates in many countries
have not declined substantially.
Where progress has been made,
it is at least in part attributable to
the natural decrease in incidence
of an infectious disease as more
of the population become
exposed and develop immunity.
Because of population growth,
the actual number of tuberculosis
cases in most developing coun
tries is still increasing.

This issue of DIRECTIONS
focuses on the technology
issues surrounding the diag
nosis, treatment, prevention and
program management of tuber
culosis.

Prevention and Program Issues

1986
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Description and Diagnosis

Description

Tuberculosis is caused by the
organism Mycobacterium tuber
culosis. By convention, the dis
ease caused by a related organ
ism, M.bovis (transmitted by infec
ted cows' milk or by direct expo
sure to infected cows), is also
called tuberculosis, although the
clinically identified infections
caused by other mycobacteria are
not. Transmission is usually by
inhaling the M. tuberculosis bac
teria, also called tubercle bacilli,
that have been coughed or
sneezed into the air by an
infected person.

When the tubercle bacilli enter
the lungs forthe first time, they
form asmall infection in the lung
tissue and often in the lymph
nodes that drain it. These two
sites of infection are known as the
primary complex. At this time,
some of the bacilli may also enter
the blood stream and spread to
other parts of the body where
they may start new infections, die
off, or remain inactive but viable
for many years. Primary tuber
culosis can occur at any age, but
in countries with high incidence
rates, most children are exposed
to the tubercle bacilli early in life

and become infected. Therefore,
primary infections have long been
referred to as childhood tuber
culosis.

Within three to fourweeks of
infection, the body produces a
cell-mediated immune response,
and tissue changes occur in the
lungs to encapsulate or wall off
the infected area. The lesions
formed in this process help pre
ventthe spread of the bacilli to
other parts of the body and to
other individuals but cause irre
versible damage to the lung.

It is important to make a distinction
between tuberculosis infection
and disease. Many individuals
are exposed to tuberculosis bacilli
and are infected, but few develop
the disease.

The extent of the damage caused
by a primary infection depends on
the number of bacilli that are
inhaled and the nutritional and
immunological status of the
infected person. An otherwise
healthy individual may experience
no disease symptoms and the
primary lesion may heal com
pletely, resulting in only a small
scar in the lung tissue and sub
sequent positive antibody tests.
In individuals who are malnour
ished orwhose immune systems
are weakened or overwhelmed by
other diseases, the clinical symp
toms may be pronounced and the
prognosis poor.

In such susceptible individuals,
extrapulmonary (outside of the
lung) infections are also more
common. Miliary tuberculosis, so
called because of the distribution
of millet-seed-Iike infections

throughout the bO,dy, and menin
geal tuberculosis (tuberculosis of
the meninges, the membranes
surrounding the brain and spinal
cord) are often fatal. These and
other extrapulmonary forms of
tuberculosis are most common
within the first year after a primary
infection in achild less than five
years of age. Acase of tubercu
losis that is diagnosed in a person
infected years earlier is called
post-primary or adult tuberculosis.
Post-primary disease may be due
etlherto a reinfection orto the
reactivation of an original infec
tion. Reactivation of old infec
tions often occurs in periods of
growth, such as adolescence or
pregnancy, during periods of
stress from disease or malnutri
tion, or in old age.

Diagnosis

Inrtial diagnosis of tuberculosis
usually starts with clinical presen
tation of the following symptoms:
fever, weakness, weight loss and
a persistent cough that may pro
duce blood-stained lung secre
tions or sputum. The severtly of
these symptoms depends on the
stage of the disease at diagnosis
and the extent of the lesions. In
early stages oJ infection and
especially in primary infections in
children, very few symptoms may
be present. Diagnosis of early
stage childhood tuberculosis is
usually best made by carrying out
a tuberculin skin test (described
below) on achild who fails to
grow, Continues to appear sickly
after an attack of measles or other
disease, or has been in contact
with an infectious tuberculosis
patient.
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It has been estimated that it is
necessary to have a concentra
tion of 50,000 to 100,000 tuber
cle bacilli per milliliter of sputum to
detect them using the Ziehl
Neelsen staining technique. An
alternate method, using an aura
minephenol stain that causes the
bacilli to glow when exposed to
ultraviolet light, makes the bacilli
more visible. This allows exam
ination with a 25x or 40x lens,
which increases the area that can
be examined quickly on aslide.
This advantage increases both
the number of slides that asingle
technician can examine in asingle
day as well as the chance of find
ing bacilli in a lightly infected case.
One disadvantage of this tech-

The most widely used diagnostic
fortuberculosis is microscopic
eX'amination of adirect sputum
smear. In this procedure the
patient is requested to cough
deeply to bring up sputum (thick
bronchial secretions, not saliva)
'from the lungs. Sputum is best
collected early in the morning and
should be placed in aclean, dry,
leak-proof container labelled with
the date and patient's name. A
small amountof the thickest part
of the sample is spread~on a micro
scope slide, fixed, stained using
the Ziehl-Neelsen technique (see
pages 4 and 5) and finally exam
ined using first the 40x objective
and then an oil immersion lens.
After staining, tuberculosis bacilli
appear as small, pink, slightly
curved rods ona blue back
ground. The results of the 011
immersion lens examination
should be reported as follows:

positive cases to prevent further
spread of the disease. Recently,
WHO has moved slightly towards
the view that the use of cu Iture
techniques for diagnosis may be
desirable to identify patients for
treatment before they become
infectious and to identify mar
ginally active patients who have
few symptoms but who occasion
ally spread bacilli.

Radiography or X-ray examination
was at one time the most widely
used mass screening method for
tuberculosis. Case-finding for
many developing countries relied
on mobile X-ray units testing
asymptomatic individuals in an

< attempt to identify cases that
would otherwise be positive by
culture only. Research has since
shown that even regu larly re
peated radiography is'respon
sible for very few diagnoses.
Smear-positive cases develop so
quickly that many patients are
missed even if X-ray examinations
are done every three months,
and few countries can afford the
resources necessary for this kind
of coverage. Forthese reasons,
WHO has recommended against
the use of mobile radiography for
mass tuberculosis screening of
healthy populations.

There are also programmatic
reasons for the emphasis that has
been put on direct smear micro
scopy. While smear-posijive
patients are highly infectious,
studies have shown that smear
negative, culture-positive
patients rarely infect those
around them. Where resources
for diagnosis and treatment are
limited, it is most important to find
and treat the infectious, smear-

The tubercle bacillus can also be
cultured, and this is routinely,
done in developed countries,
especially in the diagnosis of
children and extrapulmonary
cases 'and in the detection of con
tacts. In developing countries,
culture techniques are most often
used when testing for susceptibil
ity to various therapeutic drugs or
in epidemiological studies to
differentiate strains of the bacil
lus. Culturing tuberculosis takes
up to six weeks and requires
controlled conditions and more
advanced training than is neces
saryfor direct smear microscopy.

nique is thatjt requires a micro
scope with a special light source
and filters and only becomes cost
effective when there are many
slides to examine.

+++
++
+
exact
number

Observation

>10 bacilli/field
1-10 bacilli/field
10-100 bacilli/1 00 'fields
1-9 bacilli/1 00 fields

Lab technician examining a sputumsmear in the Philippines
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ZIEHL-NEELSEN PREPARATION OF A SPUTUM SMEAR

Using a stick or wire loop, transfer asmall portion of
the thickest part of the sample onto aclean, labelled
slide. Make athin circular smear, about 30mm
across, and allow to dry.

Fix the smear EITHER by covering ~ with 1-2 drops
of 700/0 alcohol (ethanol or n1ethanol) for 2-3
minutes, OR by passing the slide through aflame 3
times.

Cover the smearwrth filtered carbolfuchsin stain
and, using an alcohol lamp, heat the stain until
stean1 just begins to rise. Then remove from the
flame. DO NOT OVERHEAT.

Wait 5 minutes, then rinse the carbol fuchsin stain
off with clean water.
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Cover the smearwith 30/0 acid alcohol. CAUTION:
ACID ALCOHOL IS FLAMMABLE. KEEP IT
AWAY FROM FLAMES.

Wait 5 minutes or until the smear becomes pale
pink, then rinse the acid alcohol off with clean
water.

EITHER cover the smearwith methylene blue and
wait for 30 seconds, OR with malachite green stain
and wait for 1-2 minutes.

Rinse the stain off with clean water, and let the
slide airdry. Do not wipe.

Examine the slide "first with the 40x objective and
then with the oil inlmersion lens. Move the slide
systematically to avoid repeating examination of
the same "field. Wipe the oil immersion lens off
after each positive slide to prevent transfer of
bacilli.

Drawings modified from artwork by Lino Montebon from "Control of Tuberculosis," an AKAPlWorid
Neighbors f1ipchart. -'
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The use of X-ray examinations for
diagnosis of symptomatic cases
entails some of the same prob
lems encountered in mass screen
.ing. Because most symptomatic
cases are already smear-positive,
direct smear diagnosis is the
simplest and least expensive test
for confirmation. In addition, X-ray
examination requires special
equipment and skills, and in pri
mary tuberculosis, especially in
children, lesions are often too
small to identify easily on X rays.
People with old tuberculosis
scars or other inactive lung
lesions are also easy to misdiag
nose as active cases.

Skin testing for sensitivity to
tuberculoproteins has been used
as a diagnostic for the last 50
years. The test is based on the
fact that when a person has previ
ously been exposed to tuber
culosis, his or her immune system
will quickly respond to the bacilli
when exposed again. The tuber
culin test can be performed using
either old tuberculin (OT) or puri
fied protein derivative (PPO). OT
is prepared by heat-killing concen
trated tubercle bacilli that have
been cultured in a protein broth.
PPO is prepared by precipitating
the protein in OT using ammo
nium sulfate ortrichloroacetic
acid. The most commonly used
PPO has been designated RT23.

Both OT and PPO are currently
used for skin tests. Forthe
Mantoux test, either OT or PPO is
injected into the inside surface of
the forearm. For survey work, a
5 Tuberculin Unit (TU) dose is
used, although higher doses are
sometimes used in clinical diag
nosis. By the end of 24 hours,
the nonspec~ic reactions to the
injection have subsided, and at
the end of 48-72 hours, the injec
tion site is examined for an indura
tion or small raised area. The
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diagnosis is based on the size of
the induration. An indura-
tion of 10 mm or greater meas
ured 48-72 hours after a 5 TU
injection is considered positive.
Because the cutoff points and
tuberculin strengths used have
varied overthe years, it is impor
tant when giving test results to
note the kind of tuberculin used,
the dose administered and the
size of the induration, instead of
simply reporting positive or
negative.

In the 1950s a variation on the
Mantoux test was developed
using a small plastic disk with
tuberculin-coated prongs or tines
imbedded in it. Results using this
tine test correlate fairly well with
those from the Mantoux test, but
because the exact dosage can be
more easily controlled, the
Mantoux test is still preferred,
especially for epidemiological
surveys.

Another method of testing for
skin sensitivity, called the cham
bertest, has also been devel
oped. This test uses small, con
cave button-like capsules made
of aluminum and filled with a
cream containing different con
centrations of tuberculin. The
capsules are taped to the forearm
for 48 hours, removed, and the
induration is read 24 hours later.
The advantages of the chamber
test are that the skin is not broken
and that the reaction to several
different levels of tuberculin
strength can be tested at the
same time. This test has not
been widely used, and more
research needs to be done to
determine the best concen
trations of tuberculin and which
cutoff points are most appropriate
for clinical diagnosis.

Tuberculin tests have several
constraints. Because they only

measure cell-mediated immune
response, tuberculin tests are
unable to differentiate between
infection and currently active dis
ease. In endemic areas, where
most children are exposed at an
early age, a large portion of the
population will test positive. Indi
viduals vaccinated against tuber
culosis with BeG vaccine also test
positive, as do some individuals
who have been exposed to other
mycobacteria in the environment.
Tuberculin tests are most useful
in populations or subgroups with
low to moderate incidence rates,
for epidemiological surveys, and
for diagnosing childhood tubercu
losis in nonvaccinated children.
In this last group, conversion from
tuberculin negative to positive is a
key diagnostic sign but does not
always pick up very recent infec
tions or early tubercular menin
gitis in children.

Recently, much work has been
done to develop tuberculosis
diagnostics that use blood or
serum. Serological tests face
many of the problems discussed
under skin sensitivity tests, and it
has been especially difficult to
develop highly specific tests. So
far, no serological test has been
developed that is as sensitive and
specific as bacteriological tech
niques.

ill, t .!'\.;,

Tuberculosis bacilli, show'1 in
black, would appear red on a slide



Treatment

For many years the treatment of
tuberculosis depended on
extended in-patient care. This
was done to provide the good
nutrnion and rest believed to be
critical to recovery as well as to
protect the public from infection.
The development of anti-myco
bacterial drugs has radically
changed treatment approaches.
Research has shown that current
drug regimens are not affected by
poor diets or normal activity. In
addition, tuberculosis patients
become noninfectious very
shortly after treatment begins.
Out-patient care is now recom
mended for almost all tubercu
losis cases.

Several drugs are currently used
to treat tuberculosis. Combina
tions including isoniazid (INH),
rifampicin, pyrazinamide, strepto
mycin, thioacetazone and etham
butol are most common. Tradition
ally, drugs have been selected
and combined based on either
their "bactericidal" or their "steril
izing" activity. Bactericidal activny
refers to a drug's ability to kill
exposed or rapidly reproducing
bacteria; sterilizing activity refers
to adrug's ability to destroy bacte
ria protected by tissue growth or

inside immune system cells.
These bacteria often reproduce
slowly or remain dormant for long
periods of time, protecting them
selves from the bactericidal
effects of drugs that only attack
actively reproducing cells.

The environment in which the
drugs are acting is also important.
For example, at a neutral pH,
streptomycin has maximum
bactericidal effect, but pyrazin
amide is inactive. The reverse is
true in an acid medium such as
found inside some immune sys
tem cells. Rifampicin, which is
high in both bactericidal and steril
izing activity, is also effective
against bacteria that reproduce
quickly and intermntently. For
these reasons, it is considered
one of the best drugs for modern
tuberculosis therapy.

The administration of anti-tubercu
losis drugs has undergone an
important shift in the last 20 years
as research has documented the
effectiveness of short-course
therapy. Traditionally, chemo
therapy regimens lasting for 12 to
18 months or more were used to
effect a full cure. Six to nine
month regimens, with an inten
sive first phase of one to two
months, are nowwidely used and
have produced good results.

In either regimen, isoniazid and
rifampicin are usually given
throughout, wnh the addition of
pyrazinamide and eitherstrepto
mycin or ethambutol in the innial
intensive phase of treatment.
The combination of drugs used
varies from program to program
and is based upon availability,
cost, and local patterns of resis
ta,nt strains and drug sideeffects.

7

These regimens require the use
of more expensive drugs, such as
rifampicin, which many develop
ing countries cannot afford. The
drug costs of astandard, six
month, intermittent regimen
consisting of initial daily treatment
wnh isoniazid, rifampicin, pyrazin
amide and ethambutol, followed
by twice-weekly treatments with
isoniazid and rifampicin costs
approximately US $18 based on
current UNICEF price lists. This is
more than five times the cost of
the traditional 12 month daily
regimen of isoniazid and thioacet
azone with the addition of strepto
mycin in the initial intensive
phase. The dosage, costs, and
side effects/contraindications of
the most commonly used drugs
are listed in the table on page 8.

Prevailing thought on the 'fre
quencyof drug administration has
undergone as large a change in
the last few years as regimen dura
tion. Studies have shown that
wnh the drugs currently in use, n
is not necessary to keep blood
levels constant. This means that
administration of bactericidal
drugs twice orthree times weekly
is as effective as daily doses,
especially in the second phase of
treatment. For drugs otherthan
rifampicin and streptomycin,
which should not be given in
higher doses, the normal daily
dose is multiplied by 7 and then
divided by either 2or 3 for a twice
orthree-times-weekly schedule.

Intermittent, higher dosing has
not generally been found to sig
nificantly increase drug side
effects. The new short-course
regimens together with the move
to intermittent schedules has rev
olutionized tuberculosis care.
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Drug resistance, retreatment and
follow-up have also been affected
by the new treatment programs.
The effective use of multiple drug
regimens decreases the likeli
hood of drug resistance. At one
time, many developed country
programs did routine suscepti
bility tests using bacillus cultures
to determine the selection of
each patient's drugs. Research
on multiple drug therapy has
shown that this is unnecessary,
and many programs only do sus
ceptibility tests on patients whose
sputum smears are still positive
after three months of treatment.

In resistant cases, new combina
tions of drugs can be substituted
or added to insure that at least
two drugs are used to which the
bacilli are not resistant. This is
necessary as well-for the retreat
ment of patients who have not
completed afull drug regimen.
Short-course, multiple drug regi
mens are recommended for extra
pulmonary tuberculosis as well.
Because the relapse rate is so low
with the treatments now being
used, follow-up sputum
examinations for patients who
have completed a'full course of
treatment are no longer recom
mended.

Because rapid periods of growth
cause stress that increases the
chances of post-primary infection,
pregnant women are at special
risk. Treatment of tuberculosis
during pregnancy presents spe
cial problems because of possible
effects on the fetus. Research
analyzing the pregnancy out
comes of women undergoing
treatment fortuberculosis sug
gests that a regimen of isoniazid
(INH) and ethambutol is the safest
treatment for nonsevere cases,
and that, if necessary, rifampicin
can be added as athird drug.
Streptomycin should not be
given during pregnancy.

ANTI-TUBERCULOSIS DRUGS

Bactericidall Side Effects/
Drug Sterilizing Effect Dose/Day Cost$U.S.1 Contraindications

Isoniazid High/Medium 300mg 100 mg tablet Liver toxicity, polyneuritis,
(INH) 1.77/1000 gastrointestinal disorders

Rifampicin MediUm/High 600mg 300 mg tablet Liver toxicity
7.84/100

Pyrazinamide Low/High 1.5-2.5 g 500 mg tablet Liver toxicity, increased
4.71/100 blood uric acid levels

Ethambutol Medium/Low 15 mg/kg 400 mgtablet Decrease in visual acuity
8.93/500

Streptomycin Low/Low 15 mg/kg Powderfor Hearing damage, kidney
injection damage if pregnant
0.10/1 9 vial

Thioacetazone2 Low/Low 150mg 150mg+ Gastrointestinal disorders,
300mglNH liver toxicity
6.82/1000

1 Prices from UNICEF Essential Drugs Price List, 1985
2 Most commonly available commercially in combination with INH

directions/6:11986



Prevention and Program Issues
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Prevention

A main focus of all tuberculosis
prevention programs is case
finding and treatment of smear
positive cases. Studies show that
smear-positive individuals infect
an average of ten contacts per
year, and young children living in
the same household are at partic
ular risk. Sputum microscopy,
rather than culture diagnosis, has
been the primary means of case
finding for prevention because
smear-negative patients are
usually noninfectious even if
theyare.culture-posnive. As
such, they pose Intle immediate
'lhreat to those around them.

The other main program focus for
tuberculosis prevention has been
vaccination. The BCG (Bacilli
Calmette and Guerin) vaccination
is an attenuated live vaccine
developed from Mycobacteria
bovis and has been used for over
60 years. The vaccine is given to
newborns and often again to child
ren at school entry or early in ado
lescence. It is injected intrader
mally, tradnionally over the lower
insertion of the left deltoid, and
leaves asmall scar. The vaccine is
now widely available in astable,

freeze-dried form from WHO
approved sources.

There has been controversy over
the years as to the safety and
effectiveness of BCG vaccination.
Strict quality control guidelines
have resolved most of the safety
issues, but the questions of effec
tiveness remain. Large-scale,
carefully controlled studies done
over a period of 50 years have
given widely divergent results,
with effectiveness varying
between 0 and 80 percent. The
most recent results, from aWHO
sponsored longitudinal study
conducted on adults in
Chingleput, India in the 1970s,
showed that those vaccinated
had no lower incidence of tuber
CUlosis in the first seven years of
follow-up.

The reasons forthis negative
result are not clear. Hypotheses
center around local ecological
issues such as the presence of a
South Indian variant of M. tuber
culosisor infection with environ
mental mycobacteria, orthe high
prevalence of leprosy in the study
area (see box on page 10).
These issues suggest the impor
tance of epidemiological studies
to assess the effect of a BCG
program in its local context. The
Chingleput trial design did not
address the effects of BCG on
the prevention of childhood
tuberculosis in vaccinated
newborns.

While the Chingleput trials raise
important questions, other
studies have shown BCG to have
considerable protective value,

and several large vaccine trials
done wnh children have demon
strated protection. For these
reasons, WHO recommends the
continuation of BCG vaccination
programs with an increased
emphasis on covering neonates.
BCG is one of the vaccines
included in the WHO Expanded
Programme on Immunization
(EPI).

Chemoprophylaxis (usually INH)
was at one time recommended for
all household members of active
tuberculosis patients and espe
ciallyforyoung children. INH is
now only recommended for
infected close contacts, espe
cially children wnh recent skin test
conversions, in programs that can
afford it. There is much less risk
of infection to contacts of patients
who are undergoing the new
multi-drug treatments.

Program Issues'

There are several program issues
that need to be considered when
looking at tuberculosis and public
health. These include integration
wnh primary health care (PHC)
programs, program priorities,
patient and public education, staff
training, and evaluation.

Integration With Existing
PHC Programs

Tuberculosis programs come
'from atradition of separation.
Because of th.e need to isolate
patients in the days before effec
tive chemotherapy was available,
many national tuberculosis
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programs developed in parallel to
the existing health care systems.
Many countries had special tuber
culosis hospitals, laboratories and
personneL With the advent of
good ambulatory treatment regi
mens that have made separate
facilities obsolete came the chal
lenge of integrating tuberculosis
diagnosis and care into the pri
mary health care system.

The problem has been both in
adding one more responsibility to
often overworked primary health
care staff and in the reluctance of
specialized tuberculosis health
personnel to be displaced. There
are also the structural problems of
reoutfitting facilities and reallocat
ing resources. Several countries
have met these challenges. In
the People's Republic of China, a
supervised intermittent chemo
therapy regimen for rural areas
has been developed that
employs the barefoot doctors of
the village health cooperatives.
This program is being expanded.
In Cuba, an elaborate tubercu
losis diagnosis and treatment
system has been dismantled and
successfully integrated with
existing primary health care pro
grams. Similar successful transi
tions have been made in Brazil,
Chile, Colombia, Costa Rica and
elsewhere. In many countries,
however, there is still much more
to be done.

Program Priorities

Setting priorities is a major pro
gram concern. Most tuberculosis
programs place their main empha
sis on case-finding and treatment,
since the new multi-drug thera
pies have reduced concern over
the issues of retreatment, resis
tance and relapse. Case-finding
can be either passive or active.
Passive case-finding usually
relies on sputum-smear diagnosis
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of patients presenting them
selves fortesting because of
symptoms. Active case-finding
includes mass screening, tracking
down patient contacts, and rou
tine testing of past patients. Few
developing country programs
have the resources necessary to
pursue active case-finding which
has a relatively low cost-benefit
ratio. For most programs, smear
diagnosis of symptomatic cases
and treatment of all those diag
nosed is still an unmet goal.

A second focus is often on pre
vention using the BCG vaccine.
Consideration needs to be given
to the target groups and efficacy

of the vaccine under local condi
tions. This information will help
determine the extent to which
resources can be made available
for immunization. There is also a
need to reassess priorities
frequently in light of new diag
nostics, treatments, and the
changing circumstances in which
the disease is found (local dis
ease ecology). As examples, in
areas where the incidence of
tuberculosis has greatly
decreased, BCG vaccination may
no longer be necessary; or the
adoption of intermittent therapy
regimens may alter stafHng
needs.
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Education control programs seen from the current local conditions and that
public's and patient's point of they are adjusted to meet

The central focus of many tuber- view. They collected information changes in the local disease
culosis education programs has using small group-directed discus- ecology.
been patient compliance. The sion of open-ended questions
social stigma of tuberculosis is a "(focus group discussions) and Conclusions
remnant of the pre-antibiotic era then developed two education
when the disease was often fatal campaigns, one for the general While few changes have been
and patients were infectious for public and another for patients made in the last ten years in the
long periods of time. This stigma and their families. The campaigns technologies for tuberculosis
discourages those wtth symp- used radio spots, posters, flip diagnosis or prevention, there
toms from submitting to diagnosis charts, pamphlets and even spu- have been great advances in
or entering treatment programs. tum-sample cups printed with treatment technology that have
The long course of treatment that instructions for collecting agood had profound effects on tuber-
had been necessary until recently sample (see photo). Earlyevalu- culosis programs. The advent of
made it difficult to convince ations of both campaigns have short duration, intermittent,
patients to continue taking their shown positive changes in know- multiple-drug treatment regimens
n1edications after their symptoms ledge and attitudes. has brought great challenges for
disappeared. existing programs.

Training
Several studies have been done The elimination of tuberculosis as
on reasons for treatment default Training is essential not only for a major public health problem
or noncompliance. Work in one primary health care staff who will requires not only the judicious
program in India indicated that a be responsible for diagnosis and use of the hard technologies of
lack of understanding by the treatment within new integrated diagnostics and pharmaceuticals,
patient of the essentials of the tuberculosis programs, but also but also the soft technologies of
disease (Le., that the treatment for program managers and tuber- management and education. The
program must continue after culosis specialists who will need latter will ensure that the appropri-
symptoms disappear and the con- retraining to fill new roles. The ate hard technologies reach
sequences of default) was a more National Tuberculosis Institute in those who need them and are
important predictorof noncom- Bangalore, India is an example of properly used. Beyond these
pliance than income or literacy. one program that has developed requirements is the need to fully

training curricula and materials for integrate tuberculosis diagnosis,
Astudy in Ethiopia also found PHC workers. Skills need to be treatment and prevention into
that many patients discontinued continually upgraded to accom- primary health care programs.
their treatment because of clinical modate new diagnostic, treat-
improvement. This study uncov- ment, and reporting advances.
ered less-expected reasons for
noncompliance as well, including Evaluation
lack of transportation, inabiltty to
get time off from work, sickness or Program evaluation is essential to
death in the family, and concur- ensure that current program goals
rent illnesses of the patient. In are being met and to plan effec-
n1any cases, the health care sys- tively for futu re needs. This is
tern must take some responsibiltty especially important as tubercu- CD

for noncompliance. Well- losis programs are integrated into c:;
0

organized services that are primary health care and find them- ::9

accessible get the best results. selves competing for staff time ~
CD

and budget resources. Epidem- '5>
0>co

Recently, in Honduras, the Acad- iological studies, operations ~

emyfor Educational Develop- research, and qualitative tech- :C
~ment and the Ministry of Health niques such as focus group dis- c..

undertook astudy of tuberculosis cussions can all be used to make
and the existing treatment and sure that programs are suited to Sputum cup with instructions
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Materials Available

World Neighbors, in conjunction
with a Philippines health organ
ization, AKAP, has produced a
filmstrip, "Control of Tubercu
losis, A Community-Based
Approach," and aflip chart and
other materials on the same topic.
For their free catalog or infor
mation, write to World Neighbors,
5116 N. Portland Avenue,
OklahomaCitY,OK 73112 USA.

Slide sets on "The Natural
History of Childhood Tuber-

Afive day WHO Conference of
Experts on the Rational Use of
Drugs was held last November.
The following are some highlights
from the conclusions:

The prime responsibility for
rational drug use rests with
individual governments.

Each government should have
a rational drug regulatory
authority.

WHO will take no direct role in
the international regulation of
drug promotion but would
prepare guidelines for adoption
by national governments.

National drug policies should
include the provision of
impartial, objective drug ·,r; .
information for prescribers, ' ,,"
patients and policy makers. In
addition to governments, the
pharmaceutical industry, pre
scribers, teaching institutions,
the public, consumer groups
and mass media all have
responsibilities for making drug
use more rational.

Rational drug use will be one of
the topics discussed by the World
Health Assembly in May 1986.
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culosis" and "Pathology of
Tuberculosis in Childhood"
are available from Teaching Aids

. at Low Cost (TALC), P.O. Box 49,
St. Albans, Herts, AL14AX,
United Kingdom.

D

A bibliography on Tuberculosis is
available 'from PATH at our new
address: 4 Nickerson Street,
Seattle, WA 98109-1699 USA.

Slide sets on trachoma, and other
materials on trachoma and blind
ness control, are available from
the Francis I. Proctor Foundation,
aWHO-collaborating Centre for
Prevention of Blindness and
Trachoma, at the University of
California, San Francisco, CA
94143 USA.

•
The picture on page 5 of our
infectious eye disease issue
(Volume 5, Num~er 3, 1985) was
taken by Dr. Allen" Foster. In the
same issue, the photos on pages
8 and 10 are the property of the
International Eye Foundation
(IEF).

•
IEF also has two publications on
primary eye care, Primacy Eye

. Care: A Manual for Health
·Workers (English and Spanish)
and Prevent Blindness Through
Primacy Eye Care. Contact IEF at
7801 Norfolk Avenue, Bethesda,
MD 20814 USA.

•
World Neighbors has afilmstrip,
"Good Food, Good Health,
Good Eyes," with text available
in several languages (see Mater
ials Available for address).
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Childhood Injuries

Childhood injuries, long recog
nized as a leading cause of
morbidity and mortality in children
under five years of age in the
developed world, are at least as
important a cause of illness and
death in developing countries. In
Shanghai County, China, for
instance, injuries are the single
leading cause of death from ages .
1 to 44 years. A recent hospital
based study in Tanzania ranked
childhood accidents as the fifth
leading cause of morbidity there,
and in Sri Lanka, the annual num- .
ber of deaths from pesticide
poisoning reportedly exceeds
the combined total for malaria,
tetanus, diphtheria, and whoop
ing cough: Similar statistics avail
able from Brazil, India, Jamaica,

Malawi, Nigeria, Peru, Thailand,
and other countries help to
confirm the magnitude of this
problem.

While the mortality rates are fright
eningly high, they represent only
a very small and slightly more vis
ible part of the problem. Morbidity
rates have been estimated to
exceed mortality rates by more
than 100 times, depending on
the injury. Accident-related ill
nesses are a major cause of dis
ability and disfigurement. They
also present opportunities for
infection, leaving children more
vulnerable to other diseases.

The economic consequences are
significant as well. Looking only

at the number of deaths due to
injuries tends to underestimate
their impact, especially with
injuries to young people. A
better measure is potential years
of life lost (PYLL). A recent study
of PYLL in Southeast Asia found
accident-related deaths to be a
major contributing cause. Treat
ment ancUehabilitation costs
place an additional strain on
health care budgets, and poten
tial income lost due to injury
caused disability increases the
economic toll.

This issue of DIRECTIONS
examines the technology issues
surrounding the treatment, pre
vention and program manage
ment of childhood burns, poison
ing, and trauma.

Burns
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Poisoning
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Why has this problem received so
little attention? One reason is that
modern preventive medicine has
tended to concentrate on infec
tious diseases and malnutrition.
As these problems are being
brought under control, illness and
death due to injuries become
relatively more important.
Another factor is that the means
most often used to prevent
injuries are policy formulation,
safe equipment design, and
health education, and many
health workers are not comfort
able in these non-curative roles.

The underreporting of injuries in
developing countries has also
prevented people from recog
nizing the importance of the
problem. Unlike malnutrition,
fatal injuries often cause death
before there is time to reach a
health center or hospital and thus
may notbe recorded. In many
countries, the systems for report
ing or classifying injuries are not
as well developed as those for
infectious diseases.

of human control. This is contrary
to the belief of many experts who
preferto avoid the term
"accident" when referring to an
injury-causing event in orderto
focus attention on the fact that
most injuries are caused by
actions or objects that are very
much within human control.

There are several conceptual
frameworks that have been used
to examine injury control. One of
these, developed by Haddon,
uses a matrix of three factors
(human, equipment, and envi
ronment) and three phases (pre
event, event, and post-event) as
diagrammed in Figure 1. For each
ofthe numbered squares orcells
there are countermeasures that
can be taken. Taking burns as an
example, cell 1 might include
teaching mothers to turn pot han
dles so that children cannot reach
them. A countermeasure for cell
7 would include providing first aid
for burn victims and transportation
for further treatment if necessary.

tion. Primary prevention inter
ventions are designed to keep
an injury event from happening;
secondary prevention interven
tions are designed to avoid or
decrease injury, given that the
event will take place; and tertiary
prevention is used to decrease
the long-term effect of injuries
that have occurred. Whichever
system is used, it is important to
think of accidents as controllable
events whose likelihood can be
mod~ied through awide range of
actions.

FIGURE2

Haddon's "Ten Strategies"

1. Not create the hazard in the
first place.

2. Reduce the amount of hazard
produced.

3. Prevent or reduce the like
lihood of release of the
hazard.

FIGURE 1

Factors
Human Equipment Environment

Injury Control Measures Classified
According to Three Factors and

Three Phases

Finally, there is the almost univer
sal idea that injuries are due to
accidents or acts of God, both of
which are often seen as outside

6. Put a barrier between the
hazard and people at risk.

9. Begin to counter damage
already done.

7. Change the basic character
istics of the hazard.

8. Strengthen the resistance of
people to the hazard.

4. Modify rate of release of the
hazard or its distribution in
space.

10. Stabilize, care, and rehabil
itate.

5. Separate the hazard and its
release, in time or space, from
the people at risk.

A third system looks at primary,
secondary, and tertiary preven-

Another system, also developed
by Haddon, considers ten basic
strategies for preventing or
decreasing the ill effects of inter
action between people and the
hazards in their environment.
These strategies are listed in Fig
ure 2. Using poisoning as an
example, strategy 1would
include banning the manufacture
of highly toxic pesticides. Strat
egy 3would include the use of
childproof caps on medicine
containers, and selling kerosene
in specia.l bottles that do not
resemble those used for soft
drinks. Strategy 8 might include
improving nutritional status to
increase a child's chance of
surviving a case of poisoning.

1 2 3

4 5 6

7 8 9

Event

Post-Event

Pre-Event
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Burns

Burns are a major cause of child
hood injury in most countries. In
Malawi, a recent study showed
them to be the commonest cause
for hospitalization in children
under four years of age, and in a
study of low income areas in
Peru, burns and scalds
accounted for more than one
third of all injuries to children
underHve. In India alone, it is
estimated that more than one
million people suffer from moder
ate or severe burns each year,
and that most of these burn
victims are women and children.
Studies from several countries
have shown that the highest inci
dence of burns is between 6 and
18 months of age. No distinct sex
differences in very young child
ren are apparent, although differ
ences do appear in older children
as dress and activities become
more sex-specific.

While the causes of burns vary
from country to country, two
leading causes are fires for cook
ing or heating and hot liquids

such as boiling water, tea, soups,
or cooking oil. In many cultures
cooking is done at floor level with
exposed flames.

Othercauses of burns include
loose 'fitting, Hammable clothing
such as the saris worn by older
girls and women in South Asia or
grass dresses worn in Papua New
Guinea, and burns caused by
children having epileptic seizures
and rolling or falling into hot liquid
or flames. Epilepsy is more com
mon in developing than devel~

oped countries and can be
caused by brain damage from
tapeworm cysts, malaria, or injury
at birth. Burns are also caused by
kerosene lamps and stoves and,
in some countries, fireworks.

Special issues of concern for
pediatric burns are children's
small body size and large amount
of body surface area relative to
volume. This means that small
amounts of liquid can cause
severe scalds and that once skin
tissue is damaged, dehydration
and shock from water loss
through the burned area is a more
serious problem for children than
adults. In addition, scar tissue
formation that limits movement,
called contracture, may hinder
further normal body growth and
development.

Burns are classified both by how
deep they are and by how large a
surface has been affected. The
percentage surface area that has
been affected can be estimated
by comparing the burn to a dia
gram like Figure 3.

3

The depth of a burn is classified
as superficial, superficial partial
thickness, deep partial thickness,
orfull thickness. Superficial
burns are those that only damage
the outer skin surface. The skin
turns red, but no blisters form and
the skin heals quickly. Superficial
partial thickness burns damage
the outside layer of skin and
cause blistering. These burns
also heal quickly and seldom
leave scars.

FIGURE3
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Deep partial thickness burns
are more severe and destroy the
oute.r layer of skin leqving only
sweat glands and hair follicles,
from which a new layer of skin
grows. The most severe burns
are full thickness burns in which
even the hair follicles and sweat
glands are destroyed. These
burns often require skin grafts, a
procedu re where pieces of skin
are removed from other parts of
the body and used to cover part
or all of the burned area. Often,
different parts of a burn will be
different depths and it is some
times difficult to assess the
severity.

The best treatment for all burns is
to apply water as soon as possi
ble. Cold water is best, but even

FIGURE4

Bottle lamp holder designed
by Susan P. Baker, Johns
Hopkins School of Hygiene
and Public Health .
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Raised stove being promoted in Nepal

room temperature water will do.
If applied within 30 minutes of the
burn, cold water will keep the
damage 'from going deeper.

The next important step is to
assess the extent of the damage
and to decide whether the child
should,be moved to a hospital.
Full thickness burns over 20/0 or
more of the body, or more than
150/0 parlial thickness burns,
indicate that hospitalization will be
necessary (see Figure 3, page 3).
These children should be treated
for shock (see page 9).

Less severe burns that cover
smaller areas, especially on arms
or legs, should be washed care
fu lIy with·cooled boiled water and
without breaking blisters. The
burn should then be dressed with
gauze soaked in boiled vaseline
that has been allowed to cool,
covered with cotton wool, and
then looselywrapped with a band
age. Dressings should be
changed every few days, peni
cillin should be given, and joints
should be splinted straight to
avoid contractu res.
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Larger burns can be cleaned and
left uncovered if the child can be
kept undera mosquito net to
keep flies away. During the first
few days of recovery 'from a
severe burn, a child should be
given oral rehydration solution or
other extra liquids to prevent
dehydration. During recovery a
child's nutritional requirement will
be increased, and he or she
should be given more food than
usual.

Prevention of injuries from burns
includes the use of raised stoves,
and barriers or screens to keep
children away 'from open fires or
cooking pots. Where kerosene is
used for cooking, the use of
new, efficient wick stoves is pref
erable to pressure n10dels. Kero
sene wick lamps made from bot
tles can be stabilized by building
simple bases for them as shown
in Figure 4. In addition to prevent
ing burns, training health workers
and mothers to use cold water on
burns, instead of butter or other
creams or ointments, and distrib
uting other information on burn
care can help to reduce the last
ing effects of burns that occur.



Poisoning

Childhood poisonings are a major
cause of illness and death, espe
cially in children between one and
'five years of age. Research done
in one pediatric hospital in Tan
zania found poisoning to be the
leading cause of all admissions
resulting from accidents, and a
similar study conducted in a pedi
atric hospital in Saudi Arabia
found more than 10% of all
admissions to.be due to the
ingestion of toxic substances.

The causes ofpoisoning differ
between more and less devel
oped areas and with the patient's
age. Recent work done in South
Africa showed distinct differences
in causes of poisoning in white
and black populations, and
research in India suggests the
increasing importance of drug
poisoning compared to other
causes of poisoning over time.
In most areas, poisoning from
household products is much
more common in children than in
adults, while the opposite is true
with pesticide poisoning.

Several studies suggest that
kerosene is the poisonous

substance most often consumed
by children in much of the devel
oping world. Kerosene is used in
many households as lamp or
stove fuel or to light charcoal or
wood fires. It is dispensed in
small quantities, often in soft drink
bottles, and can be mistaken for
water by small children. Several
studies have shown a seasonal
effect with greater frequency of
ingestion during hot, dry months.

Ingestion of medicines is another
majorcause of childhood poison
ing, especially with the increased
use ofthese substances in many
households. Antimalarials,
barbiturates, iron compounds,
and analgesics such as aspirin are
substances frequently taken.

Traditional medicines are also a
problem. Studies in India have
shown medicinal seeds and oils
to be commonly involved, and
other studies have fou nd
poisoning resutting from high
levels of lead found in many
traditional preparations including
eye cosmetics. Studies 'from
Saudi Arabia, Nigeria, and parts of
Asia have shown that eye shadow
cOITlmonly used on small children
is often made from the crushed
ore, galena, and may contain
more than 90% lead. Children
rub their eyes and then put their
fingers in their mouths, ingesting
this highly toxic metal. In parts of
Latin America atraditional medi
cine called azarcon has avery
high lead content and is used to
treat diarrheal disease.

Pesticides are another common
poison, but pose abigger prob
lem for older children or adults

5

who are exposed to them in the
fields. Small children come into
contact with pesticides that are
not carefully stored or can
become poisoned by residue
from pesticide containers that
have been recycled forwater
transport or storage. Carbon
monoxide poisoning is aproblem
in poorly ventilated houses that
are heated with fires, and in
countries where chemical clean
ing agents such as bleach are
common, these can be a~danger.

Again, the special concern with
pediatric poisoning is achild's
small body size, which means that
even small amounts of poison can
be fatal. Other concerns are their
underdeveloped organ systems
which may be more easily over
whelmed and their less refined

South Asian child wearing eye make-up
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lfIustration from a booklet from Sierra Leone showing safe storage of
oral contraceptives

6

taste acuity which increases the
possibility of their ingesting toxic
substances.

The treatment of poisoning
depends on what has been
ingested and how long ago it was
taken. For poisons other than
petroleum products (kerosene
and gasoline) and corrosive
substances (lye or acids), the
best treatment is to make the
child vomit. This can be done
either by giving syrup of ipecac
uanha (ipecac) or by putting a
finger or spoon handle down his
or her throat. Ifthe child has not
eaten in several hours, it may be
necessary to give water or milk so
that there is something to vomit.
If it has been more than four
hours since ingestion of the
poison, vomiting will not help. If
it has been more than 36 hours
since ingestion and there are no
ill effects, then the child is prob
ably safe.

With kerosene or gasoline poison
ing, the main cause for concern is
pneumonia. This results from
damage caused to lung tissue by
the kerosene vapors and is the
reason why vomiting is not indi
cated. Kerosene poisoning
cases should be treated by keep
ing the child quiet and giving pen
icillin forfive days.

Vomiting is also not indicated
when corrosives have been
swallowed because they may
cause more damage to the
esophagus on the way back up.
For these substances the best
treatment is keep the child quiet
and give water, milk, beaten
eggs, or activated charcoal to
dilute or neutralize the poison.
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There are a number of ways to
prevent childhood poisonings or
decrease the injuries resulting
fromthem. In the United States,
laws requiring that drugs be sold
only in childproof containers have
greatly decreased the number of
drug poisonings. Consideration .
has been given to coloring
kerosene blue and selling it in
distinctive containers to reduce
the chance that achild will mistake
it for water.

Lead poisoning by eye cosmetics
can be prevented by substituting
those made with burnt vegetable
matter for lead-based products;

As a simple home test for the
safety of these powders, mothers
can sprinkle asmall amount into a
glass of kerosene and watch for it
to sink. Lead-based cosmetics
will sink after a few minutes as fine
particles; burnt vegetable matter
cosmetics will float, or sink only
after they coagulate.

Some studies also indicate that
iron deficiency, a common prob
lem for children with marginal
diets or parasitic infections,
worsens the effects of lead
poisoning. Because of this,
improved iron nutrition for young
children could be considered as a
prevention strategy.

I
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Trauma

Trauma, a term used to include
both fractures and soft tissue
injuries, is another major cause of
childhood injuries. Trauma is
often caused by falls and, increas
ingly, by motor vehicle accidents.
Falls were the cause of nearly
three-quarters of all injuries of
children admitted for accident
related causes in a hospital-based
study in Turkey, and were the
leading cause of accidental injur
ies in a similar study done in Peru.
A recent study in Southeast Asia
concluded that motor vehicle
accidents in Thailand, Malaysia,
and Singapore rank above both
malaria and tuberculosis as a
cause of premature death.

Traffic-related injuries have
become a majorcause of injury
and death in the Middle East,
Africa, and Latin America as well.
When traffic-related childhood
fatalities from developing and
industrialized countries are

compared, the rates from devel
oping countries are often higher.
Thisis true in spite ofthe under
reporting of deaths in countries
with poorly organized health statis
tics systems. While 'the lack of traf
fic controls and unplanned traffic
patterns are part of the problem in
developing countries, this lack of
infrastructure also represents an
opportunity. It is easier to design
safety into new traffic systems'
than it is to modify badly planned
designs that already exist.

In many countries, falls are the
leading cause of spinal cord injury
and their related treatment and
rehabilitation costs are dispropor
tionately large. An analysis of
hospital data collected in Jamaica
in the 1970s found a huge
increase in the amount of bed
space and other hospital
resources devoted to the care of
trauma as compared to twenty
years earlier.

Research from Peru cites playing
or climbing on furniture, walls, or
roofs as the main circumstances
of fall injuries. Work done in
Papua New Guinea and Nigeria
documents the importance of falls
from trees. These occur to child
ren eitherwhen playing orwhen
harvesting crops from palm, fruit,
or nut trees. In Nigeria, falls from
trees most often resulted in frac
tures of the arm and contributed
disproportionately to the number
of cases of multiple injury and
death from all falls.

7

Fall injuries and deaths in urban
areas often occur when small
children crawl out of windows that
are left ope'n or fall from rooftops.
Kite flying from roofs has been
reported as a risk factor in cities in
India. .

Other causes of traumatic injuries
are lacerations from kitchen or
agricultural equipment. These
occur eitherwhen young children
encounter implements that have
been improperly stored or as
olderchildren learn to use these
tools.

Special developmental concerns
related to childhood trauma are
children's large head size relative
to the rest of their bodies, their
small blood volume, and the
inability of infants and young
children to report or describe pain
from their injuries. Large head
size is a problem for several
reasons. It makes children top
heavy and more prone to falls and
to head and neck injuries in motor
vehicle accidents. The increased
relative surface area for head
wounds is also aconcern as
studies have shown that most
fatal falls in children involve a
head injury. The small blood
volume of children relative to
adults makes it easierforboth
parents and health workers to
underestimate the severity of
children's wounds.

The best treatment for bleeding
wounds is to ,apply direct pres-
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'BUTTERFLY' BANDAGES OF ADHESIVE TAPE

sure around the area of broken
skin (not directly on the wound or
exposed bone). Compound
fracture victims should be
referred to hospitals and treated
for shock (see box, page 9).

The prevention of traumatic injury
can take many forms. Falls 'from
windows and roofs can be pre
vented by gratings or railings, and
the number of injuries due to falls
from trees can be reduced by not
letting young children harvesf
tree crops, by planting dwarf tree
species, or by using ladders or
safety belts. Blocking off kitchen
areas with low gates to prevent
access by children may prevent
traumatic injuries as well as burns.
Trauma from motor vehicles can .
be reduced by safer vehicle
design, better traffic planning and
road marking, and the use of seat
belts or special child restraints.

FIGURES

For fractures where there is a
wound caused by the bone hav
ing broken the skin (a compound
fractu re), it is necessary to stop
the bleeding by applying pres-

It is especially important with
head, neck, and back injuries that
the patient be moved as little as
possible. Before transporting,
the injured person should be
carefully secured to a rigid surface
such as a door or table top that
extends beyond the head and
feet.

Because broken bones need to
be aligned carefully and immobil
ized to prevent long term disabil
ity, fractures should be referred to
hospitals for treatment whenever
possible. Before transport, the
fracture should be immobilized
using padding and splints to pre
vent further damage.

sure to stop the bleeding. If
bleeding is severe, it is also
necessary to treat the child for
shock (see box, page 9).

Cuts that have been left exposed
for more than 24 hours orthat
have pus in them should not be
closed. These wounds should
be treated as open sores, clean
ing them twice dailywith adisin
fectant (1 teaspoon of liquid laun
dry bleach in aglass of water will
work) and giving the child an anti
biotic. Tetanus toxoid should be
administered to all children who
have not completed a sequence
of three tetanus toxoid (or OPT or
DT) vaccinations in the last five
years. Tetanus antitoxin is indi
cated as well if the child has not
yet received a full sequence of
tetanus toxoid vaccinations.

Treatment of fractures begins
with careful diagnosis. In the case
of an injured arm or leg, the
unharmed limb should be placed
'in the same position as the
broken one so that the injured
limb can be compared to it for
deformity. If the bones in both
limbs are not the same shape, a
fracture is probable. With a leg
injury, a fracture is unlikely if the
child was able to walk after the
injury, even if there is subse
quent swelling and pain.

Deep cuts, where it appears that
tendons, ligaments, or nerves
may be severed, require treat- '
ment at a hospital. Smaller
wounds should be carefully
washed with soap and water and

. then covered with sterile gauze
held on with adhesive tape. Cuts
can often be closed with butterfly
bandages cut from adhesive tape
instead of using sutures (see
Figure 5).
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Program Issues
The first step in developing apro
gram to combat childhood injuries
is to define the local problem.
Because few countries have aee
quate record-keeping systems for
injury-related morbidity and mortal
ity, most of the existing data are
from studies of hospital records
and afew small scale communny
household surveys. While hos
pital or clinic data may be useful to
get a general picture of local injury
epidemiology, they may also be
misleading. Injuries that cause
rapid deaths, such as drownings
or snake bites, will be under
represented in hospital records
because those injured will often
not reach a hea~h facility. Deaths
from poisoning due to the high
content of lead in some traditional
medicines will either not be seen
by hospitals or clinics or may be
wrongly attributed to the illness

that the traditional practitioner was
trying to treat.

Mortality data are more frequently
available than morbidity data, and
this may also lead to poor distribu
tion of program resources. While
two or more types of injury may
have similar mortality rates in a
community, the morbidity rates
may be very different. For
example, the same numberof
children may die from poisonous
snake bites as from burns, but
there is probably much more burn
related morbidity. Even when
morbidny rates are available and
similar, the resource require
ments for different injuries vary
widely. The intensny of care
necessary for a burn victim is
much greaterthan for a child
recovering from a simple fracture.
In addition, consideration should
be given to the likelihood of long
term disabilny and priority should

be given to the prevention of
these injuries.

In addition to making an initial
assessment of childhood injuries,
programs need to integrate
accident-related record-keeping
into their existing health infor
mation systems. Data collected
on acontinuing basis can be
used to initiate new programs,
evaluate existing ones, and
examine changing trends over
time. This information is essential
forthe design of appropriate
training programs, projection of
facility needs, and otherhealth
resource management purposes.

The World Health Organization
(WHO) and the International
Children's Center (ICC) have
developed both survey forms
and checklists for recording
injury information on an ongoing
basis. WHO has been actively
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Calendar designed by the Ministry of Health in Botswana
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involved in accident prevention
and the coordination of related
research since 1966 through its
Global Programme for Accident
Prevention. International meet
ings have been held in Turkey,
The Philippines, and Cuba. WHO
is also currently revising its inter
national classification system for
external causes of injury and
poisoning to make information
collection simpler and more
accurate.

The main interventions that are
available for injury control are
either behavioral or structural.
Behavioral interventions address
the human factors from the matrix
in Figure 1 (page 2) and are what
most programs call health educa
tion. These interventions are
considered to be "active"
because they require"that some
one (in the case of childhood
injuries, the child's caretaker)
repeatedly take a specific action
(such as safely storing medicine
or always watching achild when
he or she is near a fire) in orderto
prevent an injury.

Attempts at changing behaviors
to prevent injuries through health
education have g'enerally been
disappointing. Careful study of
several different projects has
shown that the percentage of
people making the desired
changes is low and that without
frequent reinforcement most
people soon revert to their
original behaviors.

These poor results do not rule
out health education as an injury
prevention strategy, but do
suggest that its use should be
carefully targeted. Training health
workers, educating policy makers
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about the importance of injury
control, and convincing the public
to make one-time decisions to
prevent injury (such as purchas
ing awick stove or building a
raised hearth) are all possible
roles for health education.

In some cases, it may be possible
to promote a safer technology for
reasons other than safety. For
exanlple, energy-efficient or
smokeless stoves may also pro
tect against burns. While mass
media health education on
injuries may not change speci'ric
behaviors in a target group, it
could help reinforce the idea that
injuries are preventable and may
promote community involvement.

Unlike behavioral interventions,
structural interventions address
equipment or environmental
factors, and are considered
"passive." Passive interventions
do not require any repeated

specific action on the part of
those being protected (or in the
case of children, on the part of
their caretakers), and rely instead
on technological or environ
mental changes.' Exanlples of
this type of intervention are
mandating that refineries dye
kerosene blue so that it is not
mistaken forwateror distributing
iron tablets in blister packs or
childproof containers so that they
are h.arder for children to open
and consume.

Structural interventions are also
important to tertiary prevention or
the treatment and rehabilitation of
injury victims to prevent long term
disability. The development of
burnand poison information
centers, and facilities and equip
ment for emergency care and
transportation are all important
components of a childhood injury
program.



Conclusions

Burns, poisoning, and trauma are
three important causes of child
hood mortality and morbidity in all
developing countries. The signif
icance of these injuries will
become increasingly clear as
deaths due to infectious disease
and nutritional de'ficiencies
decline. For any given injury prob
lem there is awide variety of
prevention strategies that can be
applied if the ~ntributingfactors

are carefully analyzed and inter
ventions are considered
creatively. Often, the use of

several interventions simultane
ouslywill be the best approach.

Specific technology issues
include the use of appropriate
treatments and the development
of safer equipment to reduce the
risks of childhood injuries. Basic
equipment and supplies such as
bandages, clean water, a few
drugs, and simple splints meet
most of the needs of primary
health care workers fortreating
injuries. Efforts by health workers
to promote the design and use of
safer stoves, childproof con
tainers for hazardous substances,
and simple barriers and guard rails
can aid in preventing many com-

mon injuries. Larger policy issues
and engineering interventions
such as better traffic control, safer
vehicles, and care'ful regulation of
hazardous substances can also
have significant impact.

The injury problems that are
addressed and the mix of inter
vention strategies that are
selected will depend on acom
munity's injury epidemiology and
resources. Regardless of the
approach, an awareness of the
importance of childhood injuries
and the understanding that many
of them are preventable could
save much unnecessary suffering
and death.

II

Materials Available

A WHO course on Injury Pre
vention in Developing Countries
will be held at the Johns Hopkins
Universny from June 29-July 10,
1987. The course is designed
for senior level, developing world
health policy makers and planners
and will cover the epidemiology
of injuries, reporting systems,
education, and the role of health
authorities. Classes will be con
ducted in English and registration
is limited to 30 participants. The
course is similarto one held at
Johns Hopkins in 1983. For more
information contact: Programme
Coordinator, Graduate Summer
Programme in Epidemiology, 615
North Wolfe Street, Baltimore, MD
21205, U.S.A.

A WHO publication, Principles for
Injury Prevention in Developing
Countries, is available from the
Global Programme for Accident
Prevention, WHO Regional Office
for Europe 8, Scherfigsvej. DK
2100 Copenhagen 0, Denmark
or through WHO regional offices.

o
A bibliographyon accidents is
avaflable from the International
Children's Centre in French,
English, and Spanish. They also
have materials on child abuse
and other topics. For information
write to: Centre Internationale de
l'Enfance, Chateau de Long
champ, Bois de Boulogne,
F-75016 Paris, France.

_Primary Child Care· A Manual for
Health Workers by King, King,
and Martodipoero has a good
chapter on injuries and poison-
ing. It is available from Teaching
Aids at Low Cost (TALC), P.O.
Box 49, St. Albans, Herts.
AL1 4AX U.K.

o
Where There Is No Doctor by
David Werner has a good section
on emergency treatment. It is
available from The Hesperian
Foundation, P.O. Box 1692, Palo
Alto, CA 94302, U.S.A.

D

A bibliography on childhood
injuries is available from PATH.
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Tuberculosis Update,

Our recent issue on tuberculosis
(Vol.- S;"No."1) brought a great
deal of commeriilrbth'6ur! ,'';~'J;~
readers. Several pointed 6urHi~t ". ' _.
the fluorescent method of \ ',-.;-::. '
sputum slide examination is not.
more sensitive than the standard
test (IT only allows the microsco-
pist to work more quickly) and that
the bactericidal effect of etham-
butol is probably better rateq as
"low" while streptomycin should
be rated as "medium."

One reader asked us to mention
the drug interaction that occurs
between rifampicin and oral
contraceptives (OCs). Studies
have shown that rifampicin
speeds up the body's metabolism
of oral contraceptive steroids and
reduces their effectiveness. This
effect is especially apparent with
low-dose OCs, so women taking
rifampicin and trying to prevent
pregnancy should use another
method of birth control.

Clarification is necessary for the
purified protein derivative (PPD)
doses that were mentioned for
use in skin tests. For tests using
PPD RT23, a 2 Tuberculin UnIT
(TU) dose is specified. This is
roughly the equivalent of 5 TU

.dose of standard PPD. Finally,
tnemQ$t recent price data place
the drug costs of a six month,
intermITtent regimen consisting of
initial daily treatment with isonia
zid, rifampicin, pyrazinamide and
ethambutol, followed by twice
weekly treatments with isoniazid
and rifampicin at close to U.S.
$32, rather than the $18 figure
given in the TB issue.

'.Helen Keller International (HKI)
has published a manual entitled
,iCommLii'lity-based RehabiIitation
of the Rural Blind: ATraining
Guide for Field Workers," by J.
Kirk Horton. Single copies cost
U.S. $5 and are available by
writing to: Director, Division of .
Education and RehabilITation,
Helen Keller International, 15
West 16th Street, New York, NY
10011, U.S.A.

•
The V International Congress of
the World Federation of Public
Health Associations (WFPHA) will
be held in Mexico City, Mexico,
March 22-27, 1987. Abstracts are
being accepted for presentations
on the theme "International
Health in an Era of Economic
Constraints: The Challenge."

The abstract deadline is October
15, 1986. For information con
tact: WFPHA Secretariat, c/o
American Public Health Associ
ation,101515th Street, N.W.,
Washington, D.C. 20005, U.S.A.

•
A future issue of DIRECTIONS is
being planned on the topic of
folk heatth education techniques.
It will look at the use of theater,
puppetry, music, dance, and
similar methods. Readers with
information about programs using
these techniques are encour
aged to contact the edITor.
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Hepatitis Bvirus (HBV) is a major
cause of acute and chronic hep
atitis, cirrhosis, and liver cancer
(hepatocellular carcinoma or
HCC). It appears throughout the
world but is highly endemic in
China, Southeast Asia, Sub
Saharan Africa, the Amazon
basin, and many of the PacHic
Islands. In these areas 5-30% of
the population are chronically
infected with orcarriers of the
virus, and almost all of the popu
lation is infected either at birth or
early in childhood. Hepatitis B
has low prevalence in North
America, Western Europe, and
most of Australia and is interme
diately endemic elsewhere.
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The Disease

Volume 6, Number 3

HBV infection can cause anacute
attack of hepatitis resu lting in
death, but this is rare. Most hepa
titis B related mortality is due to
livercancer, which is a frequent
cause of death in HBV carriers
and one of the most common
cancers in developing countries.
Liver cancer has a long latency
period and usually appears in
male HBV carriers 30 or 40 years
after infection. It is estimated that
there are more than 280 million
HBV carriers worldwide and that at
least 50 million of them will die of
HBV-induced liver disease.

While most hepatitis B related
mortality in regions of high

Prevention and Treatment

ISSN: 0730-8620

endemicity occurs in adulthood,
the disease is mainly contracted
in these regions in childhood or at
birlh. This fact, combined with
the heatlh consequences faced
by the thousands of children who
lose parents to liver disease,
makes hepatitis B an important
issue for child survival.

The recent availability of an effec
tive vaccine at a reasonable cost
has dramatically altered the
options for hepatitis Bcontrol
efforts. This issue of
DIRECTIONS deals with the
diagnosis, prevention, treatment,
and program issues surrounding
hepatitis B.

Program Issues
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The Disease

FIGURE 1

THE HEPATITIS B VIRUS

During the incubation stage or in
the early stages of acute hepatitis
B infection, the surface protein
component of the virus (called
hepatitis B surface antigen or
HBsAg) first becomes apparent in
the blood. This antigen indicates
that an active infection exists and

Course

Exposure to HBV usually results
in a self-limiting acute infection
that may go undetected. The
incubation period is long, and it
may be six weeks to six months
after exposure before any symp
toms are evident. When symp
toms are noted, they are often
mild. Infected persons may report
fa'ligue,loss of appetite, and
some abdominal pain. In more
severe cases, jaundice, dark
urine, light-colored stools, and
enlargement and tenderness of
the liver may occur. People rarely
die from acute infections.

the serological diagnostics avail
able forthis disease (described
on page 6).

An antibody recognizes the
structure of the antigen or viral
component that it has been
designed to match, attaches to
that antigen, and keeps it from
attacking any new cells while it is
being destroyed. The levels of
the different hepatitis Bantigens
and antibodies circulating in the
blood form the basis of most of

cells (hepatocytes) and usually
replicate inside them without
causing cell damage or death. In
an acute case of hepatitis, the
body's immune system recog
nizes a hepatocyte that has been
infected with the virus and attacks
it. Destruction of the cell releases
the newly replicated viruses. As
this occurs, whole viruses and
their component parts appear in
the bloodstream. These viral com
ponents are recognized by the
body's immune system as
antigens orforeign bodies that
should be removed from the
blood. The immune system
develops antibodies or protein
molecules that are specific to
most of the viral components.

The hepatitis B virus consists of
three main components: 1) an
outer envelope composed of fat,
carbohydrate, and the viral coat
protein,2) an inner layer of core
protein, and 3) the DNA strand
that has coded on it the informa
tion necessary to build all three of
these parts (see Figure 1).
Hepatitis Bviruses infect liver

Hepatitis B (formerly called serum
hepatitis to distinguish it from
infectious hepatitis--now hepatitis
A) is caused by a small DNA
containing virus. Viruses are
simple particles often containing
only a molecule of nucleic acid
surrounded by several protein
molecules. By themselves,
viruses cannot move, use nutri
ents, or reproduce. When a virus
attaches itself to a living cell, how
ever, the viral nucleic acid inserts
itself into the molecular machin
ery to make thousands more
viruses exactly like itself. In addi
tion, hepatitis B virus DNA is
sometimes inserted into the host
cell's chromosomal DNA. This
favors the induction of a chronic
carrier state and is also believed
to underlie the mechanism by
which this virus causes liver
cancer.
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FIGURE 2

24

In addition to theirusefulness in
determining the stage'of an infec
tion and the potential to transmit
hepatitis B, the detection of anti
gen and antibody levels is also
used to identify those at risk for
hepatitis B related liver damage,
especially livercancer (HCC). The
relationship between HCC and
HBV has been demonstrated with
data from several different disci
plines. Epidemiologic data have
shown that people with active
HBV infections over aperiod of

antigens and antibodies in a typi
cal acute case ofhepatitis Band
in the case of a chronic carrier.

2 3 4 5 6 12

Months After Exposure
o

Antibodies to HBeAg and HBcAg
(anti-HBe and anti-HBc) are also
found in the serum of some
patients and can help distinguish
both the severity and stage of the
infection. Individuals with circu
lating anti-HBe either are recov
ering from acute infection or are
chronic carriers. Circulating anti
HBc, which appears just after
measurable HBsAg, is present in
all cases of acute hepatitis, in all
chronic cases, and in all cases
recently recovered 'from hepatitis
B. Figure 2 shows the levels of

Symptoms~

~ Anti-HBs
Q) Anti-HBc _----------_

.....J
"'i::::
Q) /

~ ,
~ HBsAg~~ "
._~ ",.'..- , .... .
Q) ..., ••••••• Antl-HBe

CJ: .-, •••••••••••••••••••••••••••••••••••
•• I

.. I. I" I

has acute hepatitis or is a highly
infectious, chronic carrier.

that the infected person can trans
mit the disease. An individual
who still tests HBsAg positive six
months after an initial positive test
is usually considered an active
carrier of the virus. Babies and
infants may remain antigen posi
tive for one to two years and then
have the antigen disappear. This
also occurs with avery small per
centage of adults overtime.

In some exposed individuals anti
HBs does not appear. This indi
cates eitherthat the individual is
still HBsAg positive and acarrier
of the virus or, more rarely, that
the level of anti-HBs that has
been formed is too low for diag
nostic tests to identify.

The antibody formed in response
to the circulating hepatitis B sur
face antigen (designated anti
HBs) usually appears in the blood
within a few weeks after the sur
face antigen disappears, during
the early convalescent phase of
an acute infection. The presence
of this antibody indicates either
previous infection with hepatitis
Bvirus or successful vaccination.
Anti-HBs continues to circulate in
the blood for many years and
provides protection against sub
sequent infection.

24

Anti-HBc

, I

2 3 4 5 6 12
Months After Exposure

Antigen and Antibody Levels in Acute Hepatitis B

Symptoms_

HBSAg~.

HBeAg~~_

o

A second viral component that
appears in infected liver cells is
the hepatitis Bcore antigen
(HBcAg). This antigen has never
been found free in the blood, but
does occur in the free form inside
the liver. A related antigen,
designated HBeAg, does circu
late freely in the blood and is
closely related to how infective
the serum is. This antigen is
believed to be core antigen that
changes its shape when it leaves
its liver cell. Measurable HBeAg
levels indicate highly infective
blood and that an individual either

Antigen and Antibody Levels in Chronic Hepatitis B
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years are much more likely to
develop liver cancer than are
people who either have never
been infected orwho have been
infected and recovered from an
acute HBV infection. People
from these last two groups rarely
develop liver cancer. Biological
data have shown that HBV anti
gens are foundin liver tumor
cells, and genetic material (DNA)
from hepatitis Bviruses has also
been found incorporated in the
genetic material of these cells.

Epidemiologic and laboratory data
have suggested that, although
chronic HBV infection predis
poses a person to HCC, a second
cancer-causing event may be
necessary for actual tumor growth
to begin. This might explain the
higher rates that have been
found in rural versus urban HBV
carriers if it is assumed that rural
carriers have greater exposure to

liver cancer promoters such as
aflatoxin, which is produced by a
mold commonly found in stored
food crops. However, it should
be emphasized that the close
association between hepatitis B
and HCC, and the fact that almost
all cases of HCC occur in areas of
high HBV prevalence, indicate
that HBV is the essential cause of
this cancer.

In developing countries HCC is
the single most important cancer
in young adult men. It commonly
occurs in the late twenties and
thirties in Sub-Saharan Africa and
slightly later in Southeast Asian
men but can appear at any age.
Both the chronic carrier state of
HBV and liver cancer occurfourto
six times as often in men as
women, depending on the geo
graphical location studied, and
this is believed to be due to hor
monal differences.

HCC symptoms include weight
loss and abdominal pain that
increases after eating. Many
patients who drink alcohol also
complain of increased pain after
consumption. Other signs
include muscle wasting, accumu
lation of fluid in the abdominal
cavity (ascites) and jaundice.
Early diagnosis of liver cancer can
be made by testing for alpha
fetoprotein (AFP) in blood serum.
AFP is made by fetal organs and
is normally only present in low
levels in adults. Very high levels
of AFP appear as much as two
years before clinical HCC symp
toms occur. In some developed
countries chronic carriers are
given alpha-fetoprotein tests
every six months and when AFP
levels rise, follow-up tests are
done using ultrasound equip
ment that can detect very small
liver tumors. Surgical removal of
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these tumors has been shown to
significantly improve the five year
survival rate of liver cancer
patients. The technologies
required forthis level of care are,
however, beyond the resources
of most countries. Indeveloping
countries the average length of
time from diagnosis of HCC
clinical symptoms to death is
three to six months.

Cirrhosis is a disease in which liver
tissue is repeatedly destroyed
and rebuilt until the resulting con
nective tissue obstructs normal
liver 'function. It can be caused by
HBV and can resutt in death.
Cirrhosis is often found in the
noncancerous liver tissue of
patients with liver cancer.

Transmission

Transmission of the hepatitis B
virus is either from motherto child
(vertical) or between other related
or unrelated children or adults
(horizontal). Vertical transmission
is responsible for much of the
spread of hepatitis B in Southeast
Asia and China where up to 50%
of new cases are infants born of
HBsAg-positive mothers.
Studies done in Thailand, Singa
pore, and China suggest that
infants are frequently exposed at
delivery, with blood markers indi
cating exposure becoming appar
ent within the first six months of
life. Some children are infected
by the virus in utero and have
measurable antigen levels at
birth,· but this is very rare, occur
ring in about 5% of vertical trans
mission cases. These cases are
important because they cannot
be prevented by giving vaccine at
birth.

Early exposure to the virus is an
important determinant of the

likelihood of becoming a chronic
carrier. Up to 50% of the infants
who are exposed at birth will
become infected with HBV and of
those infected, 90% will go on to
become chronic carriers. Child
ren infected after birth, but in the
first five years of life, have only
about a 30% chance of becoming
a chronic carrier and this risk
decreases with age. Only 5-10%

of infected adults will become
HBV carriers. Virus carriage from
vertical transmission is more likely
if the infant is exposed in utero, if
the mother is HBeAg positive, or
if she suffered from acute hepati
tis during the third trimester of

. pregnancy. One study has
shown the rate of transmission
not to be affected by Caesarean
section delivery.

Horizontal transmission is respon
sible for most of the spread of
hepatitis B in Africa and Latin
America. Studies in Kenya,
Liberia, Senegal, and Zambia
have shown that, unlike South-"
east Asia, perinatal transmission
in these countries is relatively
rare. Children are infected
throughout childhood, and in
many areas most are exposed by
five years of age.

In tropical areas infection through
open sores of infants and child
ren is thought to be a major
means of transmission. Data from
two recent studies suggest an
association between prechewing
of children's food by infected
mothers and the infection of their
children. Breastfeeding has not
been shown to increase the risk
of transmission.

Research on hepatitis B infection
in household contacts of acute
cases in Singapore found that
sharing personal and household
items such as razors, tooth-
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brushes, combs, handkerchiefs,
towels, and bedding was a risk
factor, while eating together at
meals and sleeping in the same
bedroom did not constitute a risk.
Laboratory studies have shown
that HBV remains viable on sur
faces for several hours even after
it has dried, and this may help
transmission. There is no evi
dence of spread through a fecal
oral route. Research is continu
ing in order to identify the exact
modes of childhood horizontal
transmission in countries where
HBV is endemic.

The horizontal transmission of
HBV in medical contexts is rela
tively less important in developing
countries but can occur in both
modern and traditional health
practices. Improperly sterilized
needles used for vaccination may
be one mode of transmission.
Transfusions of blood or blood
products that have not been
screened for HBV are another
source of infection. In developed
countries healthworkers are
considered an at-risk group
because of their contact with
possibly infected body fluids. In
developing countries many
healthworkers have been
infected early in life and have
developed antibodies. In tradi
tional medical practices, instru
ments used for tattooing, decor
ative scarring, or circumcision may
spread the disease.

Heterosexual transmission can
occurfrom men to women or
women to men, and individuals
engaging in anal intercourse are
at higher risk of exposure. The
correct use of condoms is effec
tive against the spread of virus
found in semen. In general,
spouses of persons with acute
hepatitis B are at high risk of
infection.
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FIGURE3

Diagnosis

Hepatitis Bcannot be diagnosed
using only the clinical signs and
symptoms described on page 2;
serological testing for HB anti
gens and antibodies is required.
The serum diagnostics fall into
three categories: radioimmuno
assays (RIAs), enzyme immuno
assays (EIAs), and reverse pas
sive hemagglutination tests
(RPHAs). RIAs and EIAs are
usually solid-phase assays in
which acapture reagent is bound
to either plastic beads or aplate;
the antibody or antigen being
sought is then bound to the
capture reagent and is finally
detected by an enzyme or radio
active isotope-labelled detector
reagent.

Reverse passive hemagglutina
tion (RPHA) tests for HBsAg use
red blood cells that have been
coated with purified anti-HBs.
When a sample with HBsAg is
added, the red blood cells agglu
tinate or clump together (see
Figure 3). RPHA tests are slightly
less sensitive and specific than
RIAs or EIAs, but can be read
visually. All RIAs and most EIAs

1. Prepared Plate
Capture
Reagent/

~r:BS

~

require electronic equipment to
read test results. EIAs and RIAs
also require sophisticated plastics
for the test plates or beads that
are not readily available in most
developing countries. RIA or EIA
tests are commercially available
for all the HBV antigens and anti
bodies. RPHA tests are available
only for HBsAg.
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Using HBsAg as an example, an
RIA or EIA works as follows:
1) A test plate is prepared onto
which anti-HBs (the capture
reagent) is fixed. 2) The sample
to be tested is coated on the test
plate; if HBsAg is in the sample, it
attaches itself to the anti-HBs
forming an HBs antibody-antigen
complex. 3) Then the plate with
its attached complex is exposed
to the detector reagent, anti-HBs
that has been labelled with either
a radioactive molecule (in the
case of RIAs) or an enzyme that
will cause a color change in a fur
ther reaction (EIAs). 4) Excess
labelled antibody is washed off
and the plate is examined. If
HBsAg was present, labelled anti
HBs will have attached to it and
will be detectable. This process
is represented in Figure 3. When
testing for antibodies, the
process is reversed; antigens are
fixed to the test plate as capture
reagents in Step 1 and labelled
antigens are used as detector
reagents in Step 3.

Reverse Passive Hemagglutination
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Prevention and Treatment
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Prevention

The two approaches central to
the prevention of hepatitis Bare
vaccination programs, designed
to slow both the spread of infec
tion and 'further increase in the
number of chronic carriers, and
educational programs to promote
vaccination and change practices
that increase the risk of horizontal
transmission.

Vaccination

One of the chief goals of hepatitis
B research in the last two dec
ades has been the development
of a vaccine that would protect
against HBV infection. Vaccines
against viral diseases work in the
same way as other vaccines:
whole viruses in an inactivated or
weakened state, or viral parts, are
introduced into the bloodstream
and specific antibodies to them
are formed by the body's immune
system. These antibodies will
continue to circulate for many
years and will quickly recognize
and attack the specific viruses
that they have been produced
against when an individual is re
exposed.

The current approach is to stimu
late the production of antibodies
against the surface antigen
(HBsAg) by injecting individuals
with a series of doses of this
antigen. Because of the large
amount of HBsAg in the plasma of
chronic carriers and the difficulty
of growing the hepatitis Bvirus in
the lab, the most widely used
method of hepatitis Bvaccine
production is based on the extrac
tion l purification, and inactivation
of HBsAg from human plasma.
Plasma-derived vaccine produc
tion starts with plasma collected
from hepatitis Bchronic carriers
(HBsAg positives). This plasma is
purified and any live virus is either
removed or inactivated so that
only hepatitis B surface antigens
remain.

The inactivation processes
include treatmentwith formalin,
urea, or pepsin, and heat. The
available plasma-derived vaccines
have been shown to be very safe,
and the purification and inactiva
tion processes 'that are used elim
inate the possibility of contamina
tion with live HB virus or any of the
viruses that cause acquired
immune deficiency syndrome
(AIDS). HB vaccine can be given
during pregnancy and to individ
uals already exposed to HBV
without ill effect. Maternal hepati
tis Bantibodies that have been
passed to an infant do not inter
fere with vaccine-induced anti
body production.

The stability of these vaccines
under different environmental
conditions is still being studied.
Initial results indicate that HB
vaccines are relatively stable and
can be stored for up to 30 days at

37-45 degrees centigrade with
out significant loss of their
potency. More research on vac
cine stability and ways to increase
it are necessary to make use
beyond the "cold chain" more
practical and effective.

Researohhasbeendoneon
other hepatitis Bvaccine pro
duction processes, and a recom
binant DNA vaccine is now avail
able. This vaccine starts with
yeast cells into which a portion of
the HBV DNA that codes forthe
surface protein of the virus is
inserted. Inside the cell, the HB
surface antigens are produced
following the instructions pro
vided by the inserted DNA. The
yeast cells are then broken, and
the surface HBsAg is purified.
Another process for producing
HBsAg uses continuously grown
mammalian cells. This process is
similar to growth in yeast cells, but
in mammal cells the HBsAg is
secreted and it is not necessary
to break the cells to harvest the
HBsAg.

Other recombinant DNA research
has focused on the vaccinia virus
which is used in the production of
smallpox vaccine. HBV DNA is
inserted into the vaccinia DNA,
and HBV surface antigen appears
on the surface of subsequent
generations of the virus. Tests
are underway to determine the
safety and efficacy of this vaccine.
Research is also being done on
creating vaccines synthetically.

When injected wnh vaccine, the
body produces anti-HBs which
circulates in the blood. A series
of these vaccinations is usually
necessary before the level of
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circulating antibodies is high
enough to ensure protection
against aviral attack. Partial pro
tection may occur in the first few
months after the initial injection.

When administered correctly,
hepatitis Bvaccine induces
antibodies in about 95% of
healthy people. The antibody
response is age-related, with
olderpeople having lower rates of
seroconversion. Antibody
response in individuals who are
immune deficient is also lower..
Infants and children have excel
lent response rates and produce
very high antibody titers with
smaller doses than those recom
mended for adults. It is still uncer
tain how long HB vaccine protec
tion lasts, but it is believed to be
at least five years. In countries
where the disease is endemic,
periodic exposure to the virus
may stimulate antibody produc
tion and prolong protection.

TABLE 1

The recommended dosage
varies for the specific vaccines
(see Table 1); most of them are
administered intramuscularly at 0,
1, and 2 or 6 months. In adults,
injec-tions seem to be most
effective if given in the deltoid
muscle; there have been reports
of poorer anti-body response to
injections given in the buttocks.
This is thought to be the result of
injection into fatty tissue rather
than muscle. In infants and small
children the injection is given in
the thigh.

Recent experimental work done
with low-dosage injections has
shown that if the vaccine is given
intradermally, 1/1 Oth of the recom
mended dose is sufficient. Intra
dermal injections are technically
more difficult and may require
additional staff training. To date
no large-scale demonstration
project has been done to see if
intradermal injection of lower

dosages of vaccine is feasible for
use in ongoing programs.

There are two main approaches to
prevention of hepatitis B infection
using vaccines: pre-exposure
immunization and post-exposure
immunization. Pre-exposure
immunization allows the body to
produce anti-HBs before the
individual is infected with the
virus. Post-exposure vaccination
immediately after infection is also
effective because the long incu
bation period of the virus inside of
liver cells provides an opportunity
for vaccine-induced anti-HBs
production before the infection
spreads. Post-exposure hepatitis
Bvaccinations are given to infants
who have been infected at birth )
or to healthworkers who have
been accidentally infected at
work.

In developed countries exposed
individuals are often given

Vaccine

Hepatitis B Vaccines*
Dose

Manufacturer (micrograms HBsAg)
Dosage Schedule
(in months)

Pediatric Adult

Heptavax-B Merck Sharp & Dohme 10 20 0,1,6

Recombivax Merck Sharp & Dohme 5 10 0,1,6

Hevac B Pasteur Vaccin 5 5 0,1,2
booster at 12

HB Vaccine (CLB) Central Laboratory of the
Netherlands Transfusion Service 3 3 0,1,2

Hepaccine B Cheil Sugar & Co., Ltd. 1.5 3 0,1,2

Hepatitis B Green Cross of Japan 5 10 0,1,2
booster at 12

*Based on information provided by Hepatitis Branch, CDC, Atlanta. Other vaccines exist for which full
information was not available.
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hepatitis B immune globulin
(HBIG) as well. HBIG is purified
from plasma of individuals who
have been infected with hepatitis
B and contains high titer anti-HBs.
These antibodies give immediate
protection against HBV but disap
pearfromthe bloodstream more
quickly than vaccine-induced
antibodies. In some developing
country programs both HBIG and
hepatitis Bvaccine are given at
birth to infants of HBV carrier
mothers. This combined regimen
has been shown to be 900/0 effec
tive in preventing the chronic car
rier state. Studies where vaccine
alone has been given have
shown this treatment to be 70
90%) effective. Because HBIG is
very expensive and heat sensi
tive, most existing developing
country programs use vaccine
alone.

Education

diagnosis of the disease and edu
cation on safe sexual practices,
including the use of condoms.

Treatmel:lt

Currently there is no known,
effective treatment for chronic
hepatitis B. No dietary
restrictions, rest or exercise
regimens, ordrugs have been
shown to change the natural
course of the disease.

The drug therapies that have
been tried so far fall into two main
categories: those that might stop
the replication of the virus and
those that might bolster the

body's immune system against
viral attack. In the first category,
drugs like acyclovir and ribavirin
have been tested in animal and
human studies with mostly poor
results.

Therapies to strengthen the
immune system that have been
tried include hepatitis B immune
globulin (discussed in the section
on prevention), hepatitis B
vaccine, and interferons. None of
these has been proven to be
helpful in treatment of chronic
hepatitis. Research is continuing
on both new medications and
treatments using combinations of
drugs.

9

While most of the transmission of
hepatitis B is either from mother
to child (Southeast Asia) or
between children (Africa) and is
probably best controlled by vac
cination programs, some trans
mission, especially by health-care
related and sexual routes, could
be decreased by education.
Healthworkers need to be made
aware of the risk of hepatitis B,
and the importance of sterilization
procedures needs to be rein
forced. This requires special
emphasis with traditional practi
tioners whose training orfacilities
may make sterile techniques
unlikely. Routine testing of blood
or blood products used for trans
fusion could also eliminate one
source of transmission, although
in very high prevalence regions
this is not very effective since
most blood recipients will already
be immune. Sexual transmission
of HBV can be reduced by better

eta Vlru .' Imes cae .e epa liS ViruS,
discovered in 19n., It isa defective RNAvirus that reqiJkes
hepathisBvirus-infeCted host cells forit to grow.' De.lta viru
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Program Management

~,-.

Local Epidemiology

Three program issues central to
the control of hepatitis B are the
local epidemiology of the
disease, the resources available
to prevent it, and the integration
of hepatitis B prevention activities
into existing programs.

facilities, and the extent of the
cold chain.

The cost issues for a national
program of hepatitis B prevention
are often examined in terms of
cost-per-carrier-prevented
(CPCP). The cost can then be
compared for several proposed
prevention programs to assess
relative cost-effectiveness.
CPCP takes into consideration
factors such as current disease
prevalence and incidence, trans
mission modes and patterns,
existing systems for vaccine
distribution and the costs of
diagnostics, hepatitis Bvaccines,
and immune globulin. Some of
the options that need to be
costed out include the use of

Until recently the high cost of vac
cine has been one of the main
obstacles for nationwide hepatitis
B prevention programs in devel
oping countries. In the early
years of its production, prices for
a three-dose series in developed
countries ran as high as US $150.
Improvements in production, and
especially simplification of the
purification processes, have
brought prices down. Recently
one producer has offered to
make available large quantities of
vaccine for national programs at a
price of $1.00 perdose. This
reduction in price brings hepatitis
Bvaccine in line with the other
Expanded Programme on Immun
ization (EPI) vaccines. It seems
likely that more simplified produc
tion procedures and higher
production levels to meet the
needs of new hepatitis Bpreven
tion programs around the world
could reduce prices still further.

While vaccine costs are the cen
tral issue in determining the
resources necessaryforthe pre
vention of hepatitis B, there are
also other considerations. The
country's health service coverage
and especially the percentage of
births taking place in hospitals are
factors, as well as health person
nel, the availability of laboratory

Resources

births take place at home. Such
situations require extended cold
chains and frequent resupply of
fresh vaccine in single-dose con
tainers at the periphery.

In highly endemic areas where
transmission is primarily horizontal
and hepatitis B is usually spread
during childhood, immunization at
birth is not as essential and it is
possible to rely on more central
ized storage and administration of
vaccines. This scenario would
allow better integration of hepa
titis Bvaccination into existing
immunization schedules.

In countries with intermediate
endemicity (carrier rates of 1-5%

),

it is necessary to consider sexual
transmission and transmission by
traditional or modern medical prac
tices or other means. The data
necessary to determine these
patterns and modes can be col
lected by simple cross-sectional
sample surveys, testing blood
taken from individuals in different
age groups using serodiagnos
tics. More detailed survey work
can later be done on identi'fied
high-risk groups. Prevalence
surveys have been done in most
countries.

]~-:.: 'j~'~;)~
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In countries of high hepatitis B
endemicity where transmission is
mostly vertical, it is necessary to
reach infected infants at birth with
either vaccine alone or vaccine
plus immune globulin in order to
prevent infection and a high prob
ability of becoming a chronic
carrier. This will be a difficult task
in areas where trained health
workers are not available at the
village level and where most

Any program to control hepatitis B
must be designed in light of the
local disease epidemiology. With
out an understanding ofthe pat
tern and modes of transmission,
little can be done to break the
cycle of infection. The key issues
are the endemicity of the disease
and whether the transmission is
vertical or horizontal.

directions /6:3 1986



immune globulin, testing for high
risk mothers, testing for exposure
before immunization, and pos
sible training costs forthe use of
low-dose regimens.

Hepatitis B immune globulin is
used in some countries where
vertical transmission is important.
It is expensive and cold chain
dependent; because the use of
vaccine alone has been shown to
be almost as effective as vaccine
plus HBIG, HBIG is impractical for
use in highly endemic areas.

The cost-effectiveness of screen
ing either for carrier mothers or for
exposed children depends on
the prevalence and incidence of
hepatitis Band costs of the tests
and vaccine. With the new, low
vaccine prices and the high cost
of drawing and testing blood,
there will be fewer programs
where screening will be cost
effective in developing countries.
Since hepatitis Bvaccine is not
harmful to either previously or
currently infected individuals,
there is no medical reason to
screen before vaccinating.
Screening may be cost-effective,
though, in countries with inter
mediate endemicity and very well
developed health infrastructures.

The use of low-dose intradermal
injections is another program
option that can be analyzed.
Intradermal injection has been
reported to reduce vaccine
requirements to 100/0 of what is
needed for intramuscular injec
tion, resulting in possible vaccine
cost savings. It has been sug
gested thal some of these sav
ings may be offset by the costs of
training and monitoring health
workers in the administration of
intradermal injections which are
more difficult to perform correctly.
In some countries, where health-

workers are already giving BCG
vaccinations iniradermally, this
would not be a problem. A more
important issue is theunproved
efficacy of intradermal hepatitis B
immunization in a large-scale
assessment. Data from a recent
study done in China suggest that
the efHcacy of hepatitis Bvaccine
given by intradermal injection is
much lower in post-exposure use
than in the pre-exposure trials
previously done.

In all cost analyses it is important
to consider the time demands
that different options make on
often already overtaxed health
personnel. Although personnel
salaries may be covered from a
general budget, the time that staff
spend on hepatitis B related activ
ities competes with other health
activities in an integrated health
care program. Models have been
created in some countries to
assess relative program costs, but
these are difficult to estimate
accurately. Prevention costs
need to be weighed against the
high treatment costs and loss of
life attributable to acute hepatitis,
cirrhosis, and liver cancer.

Integration with Existing
Activities

Because of the relatively high
cost of vaccine before the recent
price reduction, hepatitis Bhas
not been included in WHO's
Expanded Programme on Immun
ization (EPI). WHO advisory
groups are active in shaping the
direction of hepatitis Bprevention
strategies and in developing stan
dards for vaccine production
using both serum-derived and
recombinant DNA techniques.

Some research has been done
on combining hepatitis Bvac-
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cines with other EPI immuniza
tions. Initial results of studies
where hepatitis BvaCcine has
been given with OPT indicate that
there is no decrease in antibody
production by either vaccine
when this is done. More work will
be necessary to confirm these
studies and examine possible
interactions with other vaccines.
At present no combination hepati
tis Bvaccines are commercially
available.

Taiwan is one of the first countries
to start a national mass vaccina
tion program. In Taiwan vertical
transmission accounts for about
half of the chronic carriers and
most births take place in hospi
tals. Taiwan also has agood
system of medical laboratories.
The program was started in 1985
with the vaccination of all infants
who were at risk from infection by
carrier mothers. In addition,
mothers are screened and the
infants of those with high titers of
HBsAg are given HBIG at birth.
In 1986 the program was
expanded to cover all newborns
in the country, and in subsequent
years the program will grow
further to include children and
adults.

Recently an international group of
experts on hepatitis B have
formed a "Task Force on Hepatitis
B Immunization." This group is
calling for immunization programs
against the disease worldwide
and is planning large-scale
demonstration projects in several
countries to show the feasibility of
hepatitis Bvaccination and to
investigate the program issues
described above. The Program
for Appropriate Technology in
Health (PATH) will playa central
role in carrying out the activities of
the task force.
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Conclusions

D

Mexico City, Mexico, March 22
27,1987. The theme will be:
International Health in an Era of
Economic Constraints: The
Challenge. For information write
to: WFPHA Secretariat, c/o
APHA, 101515th Street, N.W.,
Washington, D.C. 20005, U.S.A.

II

A bibliography on hepatitis B is
available from PATH.

For an update of the WHO Drug
Utilization Bibliography, write to:
WHO Collaborating Centre for
Drug Statistics Methodology,
P.O. Box 100, Veitvel, 0518 Oslo
5, Norway.

Gerety, Academic Press,
Orlando, Florida, 1985. If readers
know of other good sources of
information, we would be happy
to share them in our next issue.

Immunization will become eco
nomically feasible due to
improved production processes
and increased use. Now it is
necessary for each country's
health planners to examine the
local epidemiology of the disease
to see how prevention of hepati
tis Bcan best be integrated into
their existing disease control
programs.

health programs need to rely on
prevention to interrupt the cycle
of infection. In most countries
prevention must take the form of
vaccination of infants and children
if the primary means of transmis
sion is to be limited and the risk of
chronic infection decreased.
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There are few good materials on
hepatitis Bthat are widely avail
able. Two recent books that pro
vide good overviews are Hepatitis
B: The virus, the disease, and
the vaccine, edited by Millman,
Eisenstein and Blumberg,
Plenum Press, New York, 1984;
and Hepatitis B, edited by Robert

Self-Evaluation: Ideas for Par
ticipatory Evaluation of Rural
Community Development
Projects, by Him Rugh, is a use
ful new publication. Single
copies are available for
U.S. $5.00 (surface mail) from
World Neighbors Development
Communications, 5116 North
Portland Avenue, Oklahoma City,
OK 73112, U.S.A.

II
The Fifth Congress of the World
Federation of Public Health
Associations will be held in

Materials Available

Chronic hepatitis B infection has
no known cure ortreattnent, and

Infection with hepatitis Bvirus has
aworldwide distribution and is
highly endemic in Southeast
Asia, China, Africa, and else
where. The consequences of
chronic infection are serious and
include chronic hepatitis, cirrho
sis, and liver cancer. The social
consequences are serious as
well, because those most likely to
die of hepatitis B related liver
cancer and cirrhosis are males in
their most productive years and
their loss is acutely felt by their
societies and families.
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Iodine Deficiency Disorders

Endemic goiter and cretinism, the
two most visible consequences
of iodine deficiency, have been
recognized as major health prob
lems throughout history. Repre
sentation of both conditions
appear in art dating back several
centuries.

Today 800 million people around
the world live in areas that are
deficient in dietary iodine. It is
estimated that of those living in
these areas, approximately 200
million have ademonstrable
iodine deficiency disorder (100).
These disorders include hypo
thyroidism and reproductive
failure in addition to goiter and
cretinism. Recent studies

The Disease

Volun1e 7, Number 1

suggest that in addition to clini
cally recognizable disorders, like·
goiter and cretinism, many more
children and adults have less
obvious mental impairment due to
iodine deficiency.

Areas of endemic iodine de'fi
ciency are found worldwide.
While many of the areas of worst
deficiency occur in mountainous
regions such as the Himalayas,
Andes, and Alps, where glacial
activity has stripped away or
leached iodine-rich layers of soil,
100s are found in lowlands as
well. Serious problems exist in
several African countries, through
out South America, and in many
parts of Asia.
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The People's Republic of China
alone has an estimated 300
million people living in iodine
deficient areas and more than
200,000 cretins. In India there
are an estimated 150 million
people living in iodine-deficient
areas and 1 million cretins. In
North America and Europe iodine
deficiency has been largely con
trolled, mostly through preven
tion programs, although small
pockets of deficiency remain in
Central Europe and several
Mediterranean countries.

This issue of DIRECTIONS
examines iodine deficiency--its
diagnosis, prevention and treat
ment, and the program iSSues
involved in controlling it.

Program Issues
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Typical cretin from Andean Ecuador with profound neuro
logical signs and severe retardation.

2

The Disease

Iodine Metabolism

Iodine is an essential constituent
of thyroid hormones. These
hormones are produced by the
thyroid gland which is located
below the larynx, behind and
around the sides of the throat.
The two main thyroid hormones,
thyroxine (T4) and triiodothyro
nine (T3), are the main regulators
of the body's metabolic rate.
They also play an important role in
the normal growth and develop
ment of brain, nerve, and other
tissue.

Dietary iodine is absorbed
through the intestinal wall and is .
carried.in the bloodstream to the
thyroid where it is actively trans
ported into the gland. Once
inside, the iodine is oxidized and
linked togetherwith amino acids
to form thyroxine and triiodothy
ronine. T4 has four iodine mole
cu les and T3 has three. Both
forms are stored in the thyroid as
part of larger proteins and are
eventually released into the
bloodstream in small amounts. T3
and T4 travel throughout the
body where they increase the
metabolic rates of individual cells.

directions/7:11987

The production of thyroid hor
mones is regu lated by a feed
back mechanism that includes
thyroid stimulating hormone
(TSH) .. TSH is produced by the
pituitary in response to decreases
in the circulating levels of thyrox
ine. It acts to increase the active
transfer of iodine into the thyroid
and increases the production of
T3 and T4. As T3 and T4 levels
return to normal, the pituitary
responds by decreasing produc
tion of TSH.

When dietary iodine intake is
insufficient over long periods of
time, thyroid hormone production
decreases and the pituitary pro
duces more TSH in an attempt to
increase T3 and T4 production.
High TSH levels over a long per
iod of time stimulate cell growth in
the thyroid and the resulting
enlargement of the gland is
known as goiter. Goiter is the
most widely seen result of iodine
deficiency, but the least serious.

Unless the goiter becomes large
enough to put pressure on the
throat, it is relatively harmless.

The thyroid also compensates for
iodine deficiency by modifying
the processes that produce thy
roid hormones. For example,
relatively more T3 than T4 is pro
duced during iodine deficiency.
This is because T3 has a greater
effect on cell metabolic rates than
does T4 and requires less iodine
to produce. ·If dietary iodine
intake is only slightly low, then the
increase in thyroid size and modifi
cation in T4and T3production
may be able to compensate for
the deficiency and maintain nor
mal levels of circulating thyroid
hormones.

When these measures are not
enough to provide sufficient thy
roid hormones for normal meta
bolic function, a person becomes
hypothyroid. In adu tts and older
children hypothyroidism results in



ageneral slowing of body func
tions and decreased physical and
mental productivtly. In neonates
and young children insufficient
circulating thyroid hormones
cause damage to developing
brain and central nervous system
tissue. Thisresults in varying
degrees of irreversible mental
and physical retardation.

When iodine intake is severely
deficient, endemic cretinism can
result. This term is reserved for
severe mental and physical retar
dation often accompanied by
irreversible hearing and speech
problems and hypothyroidism. A
distinction is made between
endemic cretinism which is due
to iodine deficiency, and
occasional congenital hypo
thyroidism which has similar
symptoms but is due to a defect
in the development of the thyroid
gland and may occur evenwhen
iodine intake is sufficient.

Three cretins from Zaire (ages 9,
9, and 13). Predominantly signs
ofhypothyroidism. Severe bone
age retardation.

The symptoms of endemic cretin
ism vary from region to region.
Two general syndromes or pat
terns have been differentiated-
nervous and myxedematous
endemic cretinism--but many
regions have symptoms from
each. The main shared charac
teristic of both disorders is severe
mental retardation.

Nervous endemic cretinism is
characterized by deaf-mutism,
squint, and varying degrees of
paralysis. This type of endemic
cretinism is the more common
type and is found worldwide.
Myxedematous endemic cretin
ism is characterized by growth
stunting and a nonpitting edema
or swelling that is especially
evident in the face. Myxede
matous endemic cretinism is
generally more rare, but is com
monly found in parts of Zaire.

Iodine deficiency has been
shown to affect learning ability
and school perfornlance. Work
done in India has shown that
psycho-motor abilities of school
children from iodine deficient
areas are lower than those of chil
dren from the same sociallevel in
areas without iodine deficiency.

The contribution of iodine defi
ciency to reproductive failure is
still being investigated. Work
done so far suggests that mater
nal hypothyroidism increases the
risk ofboth stillbirth and spon
taneous abortion, as well as the
rate of fatal congenital defects.

Iodine Requirements
and Sources

The minimum daily requirement
for iodine is based on the amount

3

of iodine that is not recovered by
the thyroid when T3 and T4 are
broken down in the tissues. The
requirement varies depending
on body size, stage of develop
ment, and exceptional needs
such as pregnancy. ~enerally,

adults lose a minimum of 40-1 00
micrograms (Jlg)/day and
suggested intakes are set at
150 Jlglday, which should also be
sufficient during pregnancy and
breastfeeding. Infants need
around 35 Jlg/day at 0-6 months,
45 JlQ/dayfrom 6-12 months, 60
110 Jlg/dayfrom 1-10 years, and
adult levels thereafter.

The main source of iodine is food.
The second most common
source is water. The level of
dietary iodine in food is directly
related to the iodine content of
the soil where it was grown. Much
of the world's iodine is found in
seawater and in areas close to
oceans where iodine is carried by
rainfall.

Seafood is agood source of
iodine as are plants and animals
grown in areas washed wtlh rain
from nearby seas. Foods raised
in dry, rocky, or sandy soil far from
oceans are usually poor sources
of dietary iodine. Because the
iodine content of food is so
dependent on where it is grown,
food tables showingthe iodine
content in different foods are of
limited value.

Naturally occurring iodine in
drinking water is a less important
source of dietary iodine. Water
systems using iodine derivatives
as disinfectants have much
higher levels. Iodinated water as
a means of preventing IDD is dis- '
cussed 'further in the section on
prevention.

directions / 7:1 1987
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FIGURE 1

CLASSIFICATION OF GOITER

Stage III: Very large goiter, recognizable at a distance.

Stage II: Goiter visible with neck in normal position; palpation
not necessary for diagnosis.

Measuring dietary iodine intake is
difficult. The variability of iodine
content in foods in different areas
would require laboratory testing
of samples of all the foods con
sumed over a given period of
time.

Problems with this means of
diagnosis include inter-and intra
observer consistency and the
difficulty of diagnosing goiter in
infants and very young children.

where large quantities of iodine
rich seaweed are eaten in coastal
fishing villages.

Diagnosis

There are several means of asses
sing the iodine nutrition of popu
lations and individuals. The most
common and simple is exami
nation of the thyroid gland for
enlargement or goiter. The
grading system that has been
developed for the classification of
goiter is found in Figure 1.

In addition to sulfur-based com
pounds, inorganic substances
like calcium, lithium and especially
iodides have been shown to act
as goitrogens when present at
high enough levels. These sub
stances block the release of thy
roid hormones from the proteins
to which they are linked while
stored in the thyroid gland. At
continously high levels of intake
(on the order of 5 mg or more per
day), iodine inhibits T3 and T4
release and may eventually
cause goiter and hypothyroid
ism. This has occurred in Japan

Stage 0: No goiter.

Stage IA: Goiter detectable only by palpation and not visible
even wrlh the neck fully extended.

Stage 18: Goiter palpable and visible only when neck is fully
extended.

Sulfur-containing goitrogens
have been isolated from drinking
water supplies as well as from
food sources. Organic materials
like those found in coal or oil
bearing rock formations can have
a goitrogenic effect, and bacteri
ological contamination has also
been shown to inhibit normal
iodine metabolism. The exact
mechanism of these goitrogens is
not known.

Goi'lrogens

In discussing food sources of
iodine it is also necessary to con
sider goitrogens, common dietary
compounds that block the normal
action of iodine in the body.
Goitrogens occur naturally in both
food and water and consist of
several different types of com
pounds, many of which contain
sul'fur.

Other sources of dietary iodine
are common in industrialized
countries where iodine-contain
ing compounds are used in com
mercial food preparation pro
cesses. lodophors are iodine-rich
disinfectants used in cleaning
industrial baking equipment and
mechanical milking machines.
Iodates, salts of iodic acid, are
used as dough conditioners in
baked goods, and a common red
food dye is another concentrated
source of iodine.

.Scientists first became aware of
the effects of goitrogens on
humans when they studied
groups of people who were
developing iodine deficiency
disorders while consuming what
appeared to be adequate levels
of iodine. Care'ful study of other
components of the diet revealed
thiocyanates or similar sub
stances that disrupt the oxidation
or binding of iodine in the thyroid.
Several goitrogens have been
found in members of the plant
family Brassica, which includes
cabbage. Others have been
found in cassava and in the milk
produced by cows who grazed on
goitrogen-containing grasses and
weeds. Endemic goiter has
been, at least in part, attributed to
goitrogens in areas of Colombia,
Nigeria, Finland, and Zaire.
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Woman from rural Bolivia with a large, nodulargoiter.

Iodine excretion in the urine has
proven to be a simpler measure
ment. When iodine intake is
reduced, less iodine is excreted
in the urine. Studies have shown
that when the amount excreted
falls below 50 or 60 Jlg i9dine/day
moderate endemic goiter is likely,
and at levels of excretion below
20 to 25 Jlg severe endemic goi
ter and cretinism are likely. Meas
urement of the iodine level in
urine is a relatively straight
forward but exacting laboratory
procedure requiring little equip
ment and few reagents. The main
problem with this measurement is
that it is difficult to collect a 24
hour urine sample in the field.

To solve this collection problem,
researchers take single urine
samples and relate the iodine
level to either urine volume orthe
amount of creatinine in the sam
ple. Creatinine is a nitrogen
containing waste product
believed to be excreted in con
stant amounts each day. _

Neither of these solutions has
been completely satisfactory.
Because urine may be either
dilute or concentrated depending
on an individual's dailywater
intake and loss, iodine concen
ttationrelative to the volume of a
single urinesample may not
accurately reflect iodine loss over
the whole day. Similarly, studies
have shown considerable vari
ation in daily creatinine output
within individuals on different
days and between population
groups. This is especially impor
tant when malnutrition is evident.
Studies done in areas of Zaire
where diets are deficient in pro
tein and calories showed mark
edly decreased creatinine levels
when compared to healthy
European populations.

There is still controversy over
which measurement is most accu
rate. Although both methods can
be misleading, they are widely
used and are believed to be suffi
ciently accurate for the purpose
of community diagnosis when
applied to samples of 50 or more
individuals.

Iodine deficiency is also some
times estimated by measuring the
thyroid's uptake of radioactively
labelled iodine. This procedure
requires special equipment and
training and at least a two-hour
wait between initial and final meas
urements. It is only appropriate
for specialized survey work and is
not currently being used in
ongoing programs for surveil
lance or evaluation.

In addition to tests for urinary
iodine output and radioactive
iodine uptake, there are also

laboratory procedures to assess
T3, T4 and TSH levels in the
blood. During iodine deficiency,
serum T4 levels decrease while
TSH increases. T3 n1ay be norn1al
or increased in moderate defi
ciency, or may be decreased in
severe deficiency.

Tests have been developed to
measure T4 and TSH levels using
finger-prick blood samples col
lected and dried on filter paper.
The labelled samples can be
mailed to acentral laboratory
where a standard-sized dot is
punched from the dried blood
spot and redissolved fortesting.
This procedure has most often
been used to test cord blood
from neonates to look for either
endemic or congenital hypothy
roidism. Collecting even finger
prick blood samples in the gen
eral population can be difficult in
some cultures.
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Prevention and Treatment
tion of iodate. The crystals are
then removed and allowed to dry.

150 J.lg iodine
X365 days

54,750 J.lg or .055 glyear

The correct level of salt iodination
depends on both estimated
intakes and losses. Assuming a
target intake of150 J.lg of iodine
per person per day and an esti
mated yearly per capita salt con
sumption of 3.5 kg, the optimal
concentration of iodine in the forti
fied salt in parts per millicn (ppm)
would be calculated as follows:

=15.7ppm.055 g iodine
3,500g salt

The 'figure of 15.7 ppm would
then be adjusted upward to
account for the fact that iodate
weighs more than pure iodine,
and would be increased again, by
a factor of two or more, to account
for losses in storage. Recom
mended levels for salt iodination
usually range from 30 to 50 ppm
of iodine, and higher levels even
up to 100 ppm are entirely safe.

In all these processes, iodates are
the preferred form of iodine
because of their stability in impure
salts and under humid conditions.
The main source of iodine loss
from iodinated salt is due to
moisture. Water 'from the air is
adsorbed onto the salt crystal
surface and washes away the
iodate that has been deposited
there. Studies have shown salt
stored in jute bags can lose 75%
of its iodine in nine months of
storage in damp conditions.
These losses can be minimized
by packing fortified salt in plastic
bags.

Four processes can be used to
iodinate salt: dry mixing, drip feed
application, spray mixing, and sub
mersion. Spray and drip mixing
are the two most commonly used
methods in developing countries.
In the drip feed process an iodate
solution is slowly dripped on salt
as it passes on a conveyor belt.
Spray mixing is a similar process
which uses a small spray chamber
for iodate application instead of a
drip.

For dry mixing, dry potassium
iodate is used and it is necessary
that the salt and iodate crystals be
similar in size. This usually
requires that the salt be ground
into a fine powder. Because the
amount of iodate relative to the
amount of salt is so small, mixing
is usually done in two or more
steps. In the submersion process
salt crystals are dipped into a tank
of saturated sodium chloride
solution with a fixed concentra-

Common salt comes from two
main sources, evaporated sea
water or deposits of salts found in
inland areas. While there are
cultural variations in actual con
sumption patterns, an annual
demand of approximately
5 kg per person is average. This
allows for some losses in food
preparation and for use in food
preservation. Daily intakes aver
age 5-15 grams per person.

In addition, the vehicle needs to
be produced in a limited number
of places so that the nutrient can
be efficiently added and moni
tored. In the case of iodine
fortUication, sodium chloride or
common salt has usually been the
vehicle chosen as best meeting
these criteria.

The success of fortification pro
grams relies on some basic
requirements. First, it is neces
sary to identify an appropriate
food to serve as avehicle forthe
nutrient. The vehicle food needs
to be consumed by the target
population on a regular basis in
amounts that do not vary much
either among orwtthin individual
diets. It must be stable when
mixed with the nutrient and addi
tion of the nutrient must not
change the characteristics of the
vehicle, such as taste, color,
odor, consistency, or cost, in
ways that make it less acceptable.
to the target group.

SALT

Two main strategies have been
used for the prevention of iodine
deficiency disorders: formication
and supplementation. Fortifica
tion refers to the addition of small
amounts of iodine to foods or
liquids regularly consumed by the
target population. Supplementa
tion refers to scheduled outreach
to the target population ~ith lar
ger doses of either oral or inject
able iodine in a form from which
the iodine is slowly released.

Prevention
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Theoptimal level of iodination can
vary overtime. In Switzerland, for
example, the concentration of
iodine has been increased to
make up for decreasing salt con-
sumption in recent years. Includ
ing the costs of both chemicals
and processing, iodination can
usuallybe done at a total cost of
US$.02-.04 perperson per year.

Production is on~y one compo
nent of asaltiodination program.
Monitoring the iodine level at
various stages of production,
distribution, and use is another
important aspect, andsimple
laboratory tests have been
devised to test the iodine content
of salt. In areas where there are
several commercial sources of
salt, government regulation may
be necessary to ensure that all
manufacturers comply with iodina
tion standards. Where small-scale
household or Village salt produc
tion occurs, price incentives or
marketing programs may be
necessary to promote use of the \
iodinated product:

Several countries have success
'ful iodinated salt programs includ
ing Argentina, Colornbia, and
Guatemala. In Tasmania, iodin
ated flour has been provided to
commercial bakeries and fortified
bread has been used success
fully to prevent iodine deficiency.

Water iodination, like salt fortnica
tion, delivers iodineinsmall daily
doses. In large enough doses,
iodine can purify water by killing
bacteria. There is currently
debate over the bactericidal
effectof the levels of iodine
commonly used to preventiodine
deficiency. The' usual procedure
used for water iodination is to

Salt iodination machinery in India.

divert aportion of the water from
the main pipeline into a parallel
system which incorporates a
canister of iodine crystals. The
iodine dissolves into the diverted
waterwhich later rejoins the main
flow. Water iodination has been
used successfully in Italy and
Malaysia at an estimated cost of
approximately US$.04 per person
per year. Its main drawbacks are
wastage due to the relatively small
percentage of household water
that is used for consumption and
the need for centralized water
systems.

The most widely used alternative
to iodinated salt is supplemental
iodized oil. Iodized oil is adminis
tered either as an intramuscular
injection or orally and is most
often used in remote areas where
iodine deficiency is endemic but
saltiodination programs are not
yet in place. The same prepara-
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tion is currently used for either
injectable or oral doses. It· con
tains poppy seedor other oils and
usually 38% iodine by weight.

Injected iodized oil enters the
muscle tissue and is slowly
released into the bloodstream
where it is taken up by the
thyroid, excreted in the urine and
may be stored in fatty tissue.
Initial urinary losses are high but
decrease overtime and, depend
ing on the dose, a single injection
of iodized oil can provide suf"fi
cient iodine to prevent deficiency
for three to five years.

Oral iodized oil is effective for a
shorter period of time than
injected doses because it does
not have a muscle tissue storage
site and more of the dose is
initially lost in theurine. Several
studies have shown that it pro
vides protection for up to two
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years. The advantages of oral
iodized oil are the decreased
costs and increased safety.
There is no risk of transmission of
diseases from nonsterile needles
if oral routes of administration are
used, and skilled heatth workers
are not necessary.

Recommended doses for
injections are 0.5 ml iodized oil
(240 mg iodine) for children
underone year of age and 1.0 ml
iodized oil (480 mg iodine) for
children over one year of age and
adults. Dosages are usually
reduced to 0.2 ml for adults with
large nodular goiters to avoid
iodine-induced hyperthyroidism.
In pregnant women, however, the
normal adutt dose is given to
ensure adequate protection for
the developing fetus. lodine
induced hyperthyroidism occurs
rarely, but is most often seen in
older adults and is a self-limiting
condition.

Less work has been done on oral
iodized oil and different dosage
levels are still being studied.
Current recommended doses are
1 ml iodized oil for one year of
protection and 2 ml for two years.
Estimated costs of ayear's pro
tection against iodine deficiency
are US$.25-1.00 per person for
iodized oil injections and some
what less for oral oil. Iodized oil
has been used successfully in
programs in Bangladesh, Bolivia,
China, Ecuador, Indonesia,
Nepal, Pakistan, Papua New
Guinea, Tanzania, Zaire, and
elsewhere.

Treatment

The treatment of choice for
iodine deficiency disorders is
iodine. The administration of
either iodinated salt or iodized oil
usually reduces goiter size. In
addition, studies have shown
improved scores on hearing,

intelligence, and motor skills tests
in normal-appearing children from
endemic goiter areas after
treatment.

While many of the developmental
problems associated with severe
iodine deficiency are irreversible,
recent studies suggest that early
correction of iodine deficiency,
especially in the first two years of
life, can favorably affect growth
and maturation of the nervous
system. Pregnant women from
severely endemic goiter areas
should receive iodized oil before
they conceive or as early during
pregnancy as possible. Treat
ment in the second or third trimes
ter has been found to have no
harmful fetal effect and may also
improve neonatal iodine status.

There is still much to learn about
the use of iodine in treating
endemic cretinism. Research is
continuing in this area.

Since 1980 four distnc save een chosen eac year or the campaign with
O%coverage of the population. Special emphasis is given to reaching childrenand ,

women of childbearing agEt The dosages used are' 0.5 ml for children below one year of
age and 1.0 ml forall others. Each vaccinationteam administers at least 50 injections pe

ay and more than 3 million injections have been given since the project'sinitiation.

Studies,.~n.::in,~p,~~!!nary iodine ~~~islrlJr~<l:.e .. areas oyer;i~e indlali~~~t~~~~ .
reinjection is necessarY every fouryears to prevent deficiencies. The use of oral' iodi
oil is currently being investigated in Nepal, 'and plans for, improving the iodinated' salt
program are also underway., ' '
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Program Issues

FIGURE 2

GRADES OF ENDEMICITY

Local Epidemiology

Before an iodine deficiency .
disorder program can begin, it is
necessary to assess the severity
of the problem. The International
Council for Control of Iodine
Deficiency Disorders (ICCIDD)
recommends that community
assessment ot IDD begin with a
sample survey of school children
for goiter. If goiterprevalence is
greater than 10% (the cut-off arbi
trarily chosen to define endemic
goiter), a sample of the whole
population should be examined.
If the goiter prevalence of this
sample exceeds 10%

, then
average urinary iodine excretion
should be determined. With
these resutts, the severity of the
endemicity can be classified as in
Figure 2.

a more exact picture of the
deficiency problem.

Control Programs

The choice of interventions for
the prevention and treatment of
IDD will depend on the severity of
the problem and the means
available to reach those indi
viduals at risk. Where they can
effectively reach target groups,
iodination of salt (or other foods)
and water are the preferred inter
ventions because of their low
cost and ease of implementation.
However, in areas without cenlral
water systems or appropriate
vehicle foods, iodination may be
impossible. Where there is
widespread small-scale local salt
production or limited access to
centrally processed goods
because of eithertransportation
problems or lack of distribution
systems, iodized oil may be the
best short-term atternative.

Personnel

The level and extent of training
necessary to implement an iodine

deficiency prevention program
will vary with the approach taken.
Local epidemiological'studies can
be conducted easily with existing
primary heatth care personnel
who are given minimal training in
the identification and classifica
tion of goiter. If health personnel
are unavailable, school teachers,
village leaders, or local volunteers
could easily be taught these
skills.

Programs using injectable iodized
oil may best be integrated with
existing immunization programs,
sharing those staff. Because of
the importance of careful sterili
zation of reusable needles'and
possible dangers inherent in
injections, the implementation of
programs using injectable iodized
oil should rely on trained health
personnel. Programs using oral
iodized oil in either liquid or cap
sule form may be able to use
community health workers with
less training or community
volunteers.

The costs of any of these inter
ventions vary depending on

Grade I endemicity indicates thy
roid hormone levels adequate for
normal development. Grade II
endemicity indicates a risk of
hypothyroidism but not overt
cretinism, and at Grade III
levels endemic cretinism is a
serious risk. Additional tests,
including dietary studies to look
for potential goitrogens, can give

GRADE I. Goiter common; average urinary iodine excretion in the
population is greaterthan 50 Jlg/g creatinine.

GRADE II. Goiter common; average urinary iodine excretion in the
population is 25-50 Jlglg creatinine.

GRADE III. Goiter common; average urinary iodine excretion inthe
population is below 25 Jlg/g creatinine.
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the availabil~y of personnel, local
material costs, and the choice of
distribution systems. Cost esti
mates should be calcu lated
based on total expenditures nec
essary to prevent asingle defi
ciency. In areas where deficiency
is marginal (Grade Ior Grade II) or
where only subgroups in the
population are at risk, targeted
interventions such as iodized oil
for women of childbearing age
and school children become
more cost-effective. In choosing
between oral and injected iodized
oil, the shorter period of effec
tiveness of the oral dose must be
balanced against the higher labor
and equipment costs of injec
tions. The latter should include
the cost of disposable syringes or
the costs of steam pressure steri
lizers and 'fuel necessary for ade
quate sterilization of syringes in
the mountainous areas where 100
frequently occurs.

ministries. The International
Council for Control of Iodine
Deficiency Disorders recom
mends that acoordinating
committee consisting of repre
sentatives from each participating
agency be established to direct
overall program management and
identify appropriate lead agencies
for different tasks.

Communications

Because of the level of coordi
nation necessary to carry out an
effective program, good commu
nications and health education
are essential. Health education
programs are necessary to raise
the awareness of policy makers,
health workers, and the publicto
the extent and seriousness of
100 and the cost-effectiveness of
interventions, and to promote the
interventions that have been

chosen. These may include
sophisticated social marketing
campaigns for iodinated salts.
Posters, flip charts, pamphlets,
radio plays, video, fUm,and point
of-purchase displays have.all
been used in different programs.

In Pakistan, for example, where
the government and UNICEF
launcheda majorcampaign to
control 100, pictorial booklets and
banners were developed by the
Aga Khan Central Health Board
(with assistance from PATH)
promoting the use of iodized oU
and salt. Audio tapes with a
specially written folk song were
distributed to shops selling
iodized salt.

International Agencies

The ICCIDD was established in
1985 in response to a growing

Regardless of the approach
taken, the correction of iodine
deficiency in endemic areas is
one of the most cost-effective
nutritional interventions known.
Savings from decreased medical
costs related to reproducti~e

failure or deformity, increased
educability, increased produc
tivity, and improved quality of life
are enormous.

Cooperation and Integration

Intervention programs based on
iodination of satt orwater require a
high degree of cooperation
between government agencies.
The enactment and enforcement
of legislation mandating iodina
tion, public sectoror government
controlled salt manufacturing and
distribution, laboratory analysis of
iodine content, surveillance of
population iodine status, and
health education activities may
each be based in different

:c
~a.
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Materials Available

o
The WHO Regional Office for
South-East Asia in New Delhi has
produced Iodine-Deficiency
Disorders In South-East Asia
(SEARO Regional Hea~h Papers
No. 10). It provides a more gen
eral review of IDD and detailed
information on the status of
programs in Asia.

Street, N.W., Washington, D.C.
20037, U.S.A.). It is the pro
ceedings of the VMeeting of the
PAHOIWHO Technical Group on
Endemic Goiter, Cretinism, and
Iodine Deficiency and provides
detailed, updated information on
IDD and the status of programs in
Africa, Asia, and Latin America.
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Towards the Eradication of
Endemic Goiter, Cretinism and
Iodine Deficiency (Scientific
Publication No. 502) edited by
John T. Dunn, et ai, is available
from the Pan American Health
Organization (PAHO, 525 23rd

o

The International Council for
Control of Iodine Deficiency
Disorders publishes the IDD
Newsletter quarterly. It includes
proceedings of meetings, news
items, and abstracts, and is
available free of charge by writing
to Dr. J.T. Dunn, Box 511,
University of Virginia Medical
Center, Charlottesville, VA
22908, U.S.A.
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Iodine deficiency causes a wide
range of disorders affecting a
large percentage of the world's
population. The very visible con
ditions of goiter and endemic
cretinism represent only a tiny
fraction of the problem. De
creased productivity, delayed or
incomplete mental development
with the consequent effects on
educability, and reproductive
failure are less obvious conse
quences but are much more
widespread. There is a new
sense of urgency as the scope of
this problem becomes better
understood.

The prevention of IDD relies on
affordable, simple, safe, and
proven technologies. These
technologies include measures
that can be implemented at the
local level, such as nutrition
education and iodine supple
mentation, and measures
requiring governmental action,
such as fortification schemes.
Increased awareness of IDD and
its social costs by policy makers,
health workers, and the public is
necessary to ensure that preven
tion programs are developed and
implemented.

Conclusions

understanding of the magnitude
of iodine deficiency disorders
worldwide. The ICCIDD acts as a
clearinghouse for IDD information
and promotes research and inter
vention programs to eradicate
iodine deficiency. It also pub
lishes a quarterly newsletter (see
Materials Available). UNICEF and
WHO have also both taken active
roles in the area of iodine defi
ciency and support the work of
ICCIDD in addition to their
regional and country-specific
activities.
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Materials Available«contin;ued)

The UNICEF Regional Office for
South:.Central Asia has produced
The Use of Iodated Salt In the
Prevention of Iodine Deficiency
Disorders..~~.Handbook of
Monitoring and Quality Control by
Robert Tyabji. It inpludes step-by
step instructions forth~esti-
mation of the iodine content of

Oncho Update is published
quarterly and lists articles related
to onchocerciasis-that have been
published within the previous
three months. It is available free
of charge by writing to the Edna
McConnell Clark Foundation, 250
Park Avenue, New York, NY
10017, U.S.A.

•
Finding the Causes of Child
Malnutrition by Judith and Richard
Brown is a community handbook
on measuring malnutrition,
finding its causes and addressing
them. Single copies are available
free of charge by writing to: The
Presbyterian Hunger Program,
820 Colonial Avenue, Norfolk, VA
23507, U.S.A.

•
The World Health Organization
has recently prepared several
useful documents related to
acute respiratory infections.
- Respiratory Infections in Chil
dren: Management at Small
Hospitals (WHO/RSD/86.26) is a
collection of background notes .
and a manual for doctors.
- Three booklets onsupervisory
skills are available: Management
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iodinated salt and is available from
UNICEF/ROSCA, 72-74 Lodi
Estate, New Delhi 110003, India.

o
A bibliography on iodine defi
ciency disorders is available from
PATH.

of the Child with Cough; Manage
ment of the Child with an Ear,
Nose, or Throat Infection; and
Course Facilitator Guidelines for
Acute Respiratory Infections
Modules.
- Acute Respiratory Infections:
Laboratory Manual of Bacterio
logIcal Procedures is Western
Pacific Education in Action
Series, NO.1.
- The Pan American Health Organi
zation (PAHO) has prepared
Acute Respiratory Infections: A
Guide for the Planning, Imple
mentation, and Evaluation of Con
trol Programmes within Primary
Health Care (WHO/RSD/86.29);
Basic Documents: Control of
Acute Respiratory Infections; and
Infecciones respiratorias en los
ninos: su tratamiento en
hospitaIes pequenos (No. 15).

•
The WHO Drug Information Bulle
tin and the Drug Bulletins Review
have broadened their scope.
Theywill cover economic aspects
of drug use and procurement and
prOVide background on regula
tory decisions. A new section on
essential drugs will include
updated versions of model drug
information sheets.
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Traditional Media
Communication with groups of
people is a basic component of
public health programs. Modern
media (such as radio, television,
and printed materials) and tradi
tional media (such as folk theater,
dance, and textile arts) are meth
ods societies have developed for
communicating social, political,
and cultural messages to groups.

While there is a growing realiza
tion that effective health commu
nication strategies employ a mix
of media, traditional media have
sometimes been overlooked in
favor of the highly visible, urban
oriented modern mass media.
Yet experience suggests that tra
ditional folk media may have
significant advantages over
modern media in that they are
familiar, credible, and accessible

Matching the Components

Volume 7, Nurrlber 2

to rural people. Traditional folk
media, therefore, merit careful
consideration as a potentially
useful tool for integrated health
communication programs.

Communication media may be
viewed as "soft" technologies
which, like "hard" technologies
such as equipment or tools, must
be adapted to the users and the
context of use if they are to be
truly appropriate. Standard
methodologies exist which guide
users of modern media in creat
ing and adapting health commu
nication activities.

However, development of an
appropriate communication
strategy using traditional media,
which vary extensively in format,
style, content, and language,

Implementation.

ISSN: 0730-8620

requires careful examination of
the individual situation rather than
application of set procedures. In
place of precise methodologies
are general considerations and
suggestions which guide manag
ers through the process of devel
oping and implementing strate
gies using traditional media.

This issue of DIRECTIONS out
lines the guidelines for use of
traditional media in health com
munication activities. The first
section details the considerations
involved in matching an overall
communication approach to an
appropriate audience, message,
and medium. The second sec
tion highlights specific implemen
tation decisions. The final sec
tion discusses broad program
issues of concern to managers.

Program Issues

1987
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Matching The Components

Planning an effective folk media
communication strategy is a two
stage matching process. Initially,
the project's stated objectives,
whether they are strictly health
related or include other goals like
community participation and
action, must be fitted to an overall
implementation approach. The
second stage requires managers
to create a well-matched combi
nation among the intended audi
ence, message, and medium that
is appropriate within the overall
implementation approach of the
program.

Approaches

There are four general ap
proaches to implementing a
communication activity, and their
key characteristics are summa
rized in the matrix on page 3. Al
though they are presented indi
vidually here, these approaches
are not mutually exclusive. In
fact, in some situations the best
approach may be a mix of ap
proaches.

Each approach has been used in
the field, but a lack of evaluation
data makes program effective
ness difficult to ascertain. Experi-
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ence suggests, however, that
certain project goals and situ
ations are more suitable for one
or two of the approaches than for
the others. Considering each
method's past uses and individ
ual characteristics along with the
specific project's objectives,
managers can select an imple
mentation approach which best
meets their program's needs.

When governments need to
widely disseminate highly stan
dardized messages they often
choose the Information cam
paign approach. In attempting to
reach the widest possible spec
trum of audiences, this approach
sacrifices the ability to address
more specific audiences. Be
cause community input is mini
mal, there is less likelihood of
community follow-up. Many
countries have on-going national
level programs of this kind.

The extension work approach is
also quite common. Typically,
field workers create productions
which address topics that are
promoted by ministries yet are
somewhat responsive to local
audiences and needs. Although
the content is chosen by the
government's extension workers,
community input varies among
projects, depending upon the
field worker's interest in adapting
messages and utilizing local
talent. This approach has been
used in East Africa, where tradi
tional birth attendants have crea
ted songs and dramas· illustrating
information from training classes
for use both among themselves
and in the community.

The community development
approach greatly increases the

villagers' role in development. It
stimulates group problem-solving
and self-help activities. Commu
nity members, together with
development workers, develop
the content and form of folk
media activities and dominate the
creative process. Because more
powerful community members
easily gain control of the process,
this approach's ability to reach
some less powerful audiences
may be compromised.

The popular education ap
proach avoids this problem.
Specifically targeting the less
powerful members of society, it
gives them full control of content
and attempts to develop their
power to think critically and act
upon their analyses. Messages
produced this way are rarely
standardized, but can easily
reach specific audiences. This
approach empowers audiences
and inspires action based upon
the message. However, since
these productions often address
issues which historically have
been ignored, the messages may
conflict with existing village
organizations and activities. This
conflict may reduce the ability of
organizers to follow through on
suggestions and ideas generated
during the process, making
implementation of this approach
more difficult.

Audience, Message,
Media

With an overall approach se
lected, decision makers may
begin to assess the important
audience, message, and medium
characteristics. By understanding
these three factors, managers
can create an appropriate match



among them which also fits well
within the overall implementation
approach.

Audience. The characteristics of
the specific audience the project
wants to reach must be as
sessed. Important characteristics
include the group's socioeco
nomic status (including literacy
levels and occupations), status
within the community, and rep
resentation in decision-making
processes. Their attitudes toward
officials become important when
projects are government-oper
ated or financed. When mes
sage topics are determined by
outsiders, the intended audi
ence's perceptions of the topics
and the priorities they assign to
them become critical.

The community in which the
intended audience resides must
also be assessed. The commu
nity's political and economic or
ganization, its decision-making
processes, the infrastructure
which supports behaviors advo
cated by the project, and logisti
cal support for productions affect
the intended audience and the
overall program.

Asking members of the intended
audience about their situations
and beliefs is a good way to
obtain information. Many people
also recommend observational
studies to confirm this information
and to detect additiona.l behaviors
that may be important to the pro
gram. Local anthropologists,
social scientists, or program staff

APPROACH

3

can do this best by actually living
in the community, even if only for
a short while. At a minimum,
community meetings with leaders
and members of the intended
audience should be held. An
alternative s'trategy to avoid over
representation of more vocal
community members may be
preferable in some situations.
Local people receive training and
then interview all villagers, either
individually or in small groups,
and document their ideas about
health and illness to get a more
balanced picture.

Whichever method managers
employ, they must have an in
depth understanding of 'the situ
ational constraints, health percep
tions, and behaviors of the

"INFORMATION "EXTENSION "COMMUNITY "POPULAR
CHARACfERISTIC CAMPAIGN" WORK" DEVELOPMENT" EDUCATION"

COMMUNITY
INPUT None Low Medium High

CONTROL OF Central Local extension Local development Least powerful
CONTENT government workers workers and community members

community

MESSAGE
STANDARDIZATION High Medium/High Medium/Low Low

ABILITY TO REACH
SPECIFIC AUDIENCES Low Medium Medium High

UKEUHOODOF
COMMUNITY Low Medium/High High High
FOLLOW-UP

Community self- Empowerment,
EXPECTED Acceptance Acceptance help project based and action based
OUTCOME of message of message upon message upon message
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4

intended audience in order to
plan an appropriate and effective
commu nication activity.

Message. Message topics can
originate from either program
staff suggestions or priorities ex
pressed by the community. The
audience research techniques
described above aid in selecting
relevant messages.

Message development requires
an in-depth understanding of
villagers' beliefs about health and
illness. A message explaining
health and illness within cultural
and situational contexts of villag
ers will be more effective than
one that ignores those contexts.

Health educators who understand
the audience, for example, can
often find analogies between
audience members' experiences
and modern health practices.
Tale"s of rice not growing well
where young stalks were planted
too closely together can illustrate
the problems of short birlh
spacing much more understand
ably than physiological explana
tions of the same problems.

Messages must promote issues
upon which people can act. For
example, if villagers want to
address infertility problems, but
clinics assisting couples with
infertility problems are inacces
sible, a message suggesting
people visit the clinic is not rea
sonable. A more appropriate
message may be one encourag
ing the use of condoms to pre
vent infertility caused by sexually
transmissible diseases (if con
doms are available).

Other message characteristics to
consider include the message's
complexity and social and politi
cal acceptability. The message's
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purpose (motivation, teaching,
reinforcement) is also important.

Exact wording of messages used
in folk media may be developed
by folk artists, sponsoring agen
cies or by the two together.
Because artists know their art
forms and their audiences well,
many people feel they can create
messages to which audiences will
respond quite positively. In
addition, artists' experience can
allow them to adapt productions
immediately when certain audi
ences require alternate ap
proaches. This spontaneity, how
ever, may threaten the message's
technical accuracy.

Training artists about the health
issues they promote helps to
eliminate this problem. Neverthe
less, program managers should
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monitor the messages and final
productions for technical preci
sion. Programs with technically
complex messages need high
technical accuracy. Bangla
desh's Folk Song Program avoids
inconsistent technical content by
creating messages at the central
level for use by local singers.
This approach, however, is less
adaptable to local situations and
may jeopardize an artist's enthu
siasm for the project.

Media. A medium's most impor
tant characteristic is its ability to
attract and appeal to the intended
audience. A dental hygiene pro
gram in Mexico used puppetry to
attract children. However, in
another Latin American country,
a family planning project failed to
adequately research the appeal
of the selected medium and was
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Cloth hand puppets

In an example from the field, a
pre-selected audience (the entire
community) was matched with a
message and then with a me
dium. A multinational team of
health and sanitation workers at
tempting to change water-related
behaviors entered a community in
Liberia. The team identified
several community health prob
lems and met with a Village
Health Committee to discuss the
villagers' health beliefs and per
ceived health problems. The
solutions they discussed became
the messages, which thus
matched the intended audience.
The committee suggested a live
performance as the appropriate
medium. This show, which com
bined music and drama, became
so popular that the performers
travelled to neighboring villages
and ultimately recorded their
show for radio broadcast.

Analysis of the intended audi
ence, message, and available
media provides insight to pro
gram managers who must deter
mine an effective combination of
the three. Unfortunately, there
are no general rules to guide
managers. Each situation must
be analyzed for its own best
match.
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In Ecuador, a group of musicians
took the Feria Educativa (Educa
tional Fair).to villages throughout
a remote province. Staying
several days in each village, the
group performed nightly. Shows
usually began with singing and
dancing, followed by social
dramas involving audience mem
bers or puppet shows raising
development issues. The group
used several media to communi
cate successfully with villagers
about a variety of subjects.

Finally, managers should con
sider productions combining
different folk media. For ex
ample, puppeteers who sing local
songs to draw audiences to per
formances might adapt song
lyrics to promote health behav
iors. Likewise, cloth printed with
health messages and worn by
theater performers reinforces
program messages.

strongly affect the community
response to the show. For
example, a dalang, the multi
talented performer of Indonesia's
traditional puppet shows, is highly
respected and, if receptive to
development ideas, could be a
powerful promoter of health
behavior changes.

Finally, the different parts of a folk
medium production may vary in
flexibility. The section most
appropriate for presentation of
the health message depends
entirely upon the medium's tradi
tional format. For example, if the
last act always criticizes existing
institutions, that may be an ap
propriate place to call into ques
tion unhealthy practices and to
promote new health behaviors.
Likewise, if people traditionally
arrive late or leave early, then
managers should avoid placing
the most important message at
these points in the show.

In addition, the flexibility of similar
media may vary drastically in
different cultures. The blown in
Indonesia's folk opera Ludruk
successfully promotes develop
ment ideas. Audiences in south
India, however, refused to give
serious consideration to a mes
sage delivered by the clown of
the Yakshagana folk drama.

The traditional medium's artists
also influence program success.
Their enthusiasm for new ideas
and for health promotion, as well
as the respect they command,

To be effective, a folk medium's
traditional content, tone, and
characters must be flexible
enough to incorporate health
messages. A medium may be
more suitable for some messages
than for others. For example, a
medium whose traditional content
espouses large families may be
inappropriate for family planning
messages. However, that same
medium may be quite effective for
breast-feeding or nutrition mes
sages.

embarrassed to find children the
only attendees at a theater show
about condoms!
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Implementation

The first step in implementation of
any communication project is field
testing. Once the audience, mes
sage, medium, and approach
have been selected, a draft
version of the folk song, drama,
or other communication product
must be carefully tested. The
field-testing environment should
represent, as nearly as possible,
the planned project's field situ
ation. Field testing (often called
"pretesting") lets project staff see
how the strategy will work and
allows them to revise it as
necessary.

Field testing (an often neglected
step) almost always exposes un
foreseen problems, even in the
most thoroughly researched
strategy. If the Latin American
project cited above, which at
tracted only children to its show
about condoms, had pretested its
show, such disastrous results
could have been avoided. Field
testing is critical to a project's
ultimate success and should be
considered mandatory.

Field testing is done by actually
staging a performance or creating
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a first version of nonperformance
folk media and presenting it to
members of the intended audi
ence. Project staff carefully
observe audience reactions and
interview members afterwards.
Staff may also evaluate audience
knowledge and attitudes before
and after the test performance to
determine whether the intended
health message was effectively
commu nicated.

After reviewing the field test
results, managers make revisions
and test the new product. This
testing-revision-retesting process
continues until managers are
confident that their folk media
strategy produces the intended
effect.

Assured that the selected strat
egy will work in the field, manag
ers must consider certain basic
implementation issues common
to each medium. These issues
center around artists, follow-up,
and scheduling.

Artists may be professionals,
health personnel, or community
members, and use of each pre
sents special advantages. Pro
fessionals are skilled and experi
enced and therefore produce
high quality products. Health
personnel present technically
precise information. Community
members vividly describe local
situations and may act more
quickly to solve problems they act
out themselves rather than ob
serve. Traditional healers who do
group presentations, like
Mexico's merolicos, can very
effectively incorporate modern
messages into their traditional
routines. Ultimately, however,
the manager's project goals and

general approach to implementa
tion will determine which type of
artist the project uses..

For example, if managers employ
the community development ap
proach discussed above, commu
nity members are the artists.
Likewise, informa.tion campaigns
will use professional artists. The
extension work approach, how
ever, may use any type of artist
or combination of types, depend
ing upon particular needs.

Artists who are health personnel
or community members are rarely
paid. Professional artists, how
ever, may be paid, depending
upon whether they work full-time
for the development agency and
whether they traditionally receive
fees. Payment assures that an
artist is available when needed.
However, payment often attracts
artists whose only interest is in
money, not in promoting health
messages.

In programs advocating use of
health supplies, distribution of
supplies by·artists is somewhat
controversial. Many people feel
continuity is maintained and the
artist's credibility is enhanced if
the artist distributes supplies pro
moted in the production. Others
worry that artists lack the back
ground needed to distribute and
properly explain the use of pro
ducts like oral contraceptives. If
health personnel are able to at
tend performances and distribute
supplies or supervise distribution
by artists, accurate information is
given and the overall community
health program is strengthened.

One highly recommended com
promise is to educate artists



about the health supplies that
they promote and distribute.

Follow-up programs may assess
changes in community knowl
edge or behavior, motivate un
convinced villagers, or reinforce
new behaviors. The program's
objectives determine the appro
priate methodologies. Assessing
knowledge and behavior change,
for example, almost always re
quires comparison of pre-per
formance and post-performance
data collected by discussions,
suryeys, or observations.

However, motivation and rein
forcement activities can be
conducted through a variety of
methods. While many programs
simply lead discussions and
distribute brochures after the
performance, others are more
extensive. Botswana's Laedza
Batananitheater productions, for
example, trained local extension
workers to support the theater's
nutrition messages by planting
community garden plots.

Finally, managers must select the
date, time, locale, and length of
performance. Community input in
these decisions is essential.
Presentations during religious
ceremonies, village celebrations,
or work seasons may benefit or
harm health programs. Some
areas require performances at
night while others prefer daylime
shows. Locales traditionally used
for community gatherings, such
as the trees under which West
African villagers hold their
community discussions, often
make appropriate performance
sites. Crowds may leave early
when presentations are too
lengthy, and thus miss post
production discussions. These
logistical decisions can greatly
influence audience attendance.

A Bangladesh family planning
project, for example, attracted no
women to daytime shows per
formed for large crowds gathered
outdoors. When shows were
rescheduled to fit women's free
evening hours, and performed
indoors where a special women's
seating section could be pro
vided, women readily attended..

Production issues specific to
each medium also require con
sideration. This section highlights
the basic implementation con
cerns unique to theater, puppetry,
song and dance. storytelling and
proverbs, and pictures.

Theater

Live drama allows audiences to
experience real and hypothetical
situations at a personal, non
threatening level. Theater's wide
variety of forms provide many
different ways of exploring such
situations. Specific implementa
tion steps depend upon the form
of theater employed.

Social Drama, one form of thea
ter, allows villagers to act out
problems and potential solutions
to situations they face daily. In
group discussions villagers raise
problems and suggest potential
solutions, which community mem
bers then act out. Following the
show, audience members discuss
and initiate activities needed to
solve the problems presented in
the show.

Experiential Theater uses skilled
performers who involve the audi
ence without their realizing they
are part of the action. For
example, one group in Ecuador
planted actors in the audience,
then acted out a scene in which
landowners insulted the audi
ence. The actors in the audience

7

responded angrily and were soon
joined by real audience members
who exchanged harsh words with
the stage actors. Once the audi
ence calmed down, the actors led
a discussion exploring the audi
ence's explosive reaction to the
actors' provocation.

In Simultaneous Dramaturgy,
professional actors perform short
scenes on topics suggested by
community members. The action
stops suddenly at crisis points,
and the audience is asked to
provide solutions. The perform
ers act out each suggestion and
the audience decides upon the
"best" one.

Forum Theater takes audience
participation one step further.
Community members suggest a
local problem. Performers (local
or professional) then improvise a
skit about the problem, offering
their own solution. If an audience
member disagrees. he or she
replaces any actor and leads the
play in the direction he or she
feels is appropriate.

Implementing any theater produc
tion requires logistical decisions
about the use of a stage, props,
and lighting. Many people be
lieve theater should not use a
formal stage. They argue that
although it lends prestige to a
show, a formal stage separates
the audience and actors, thus
minimizing their interaction.
Stages used successfully in the
field include open space beneath
a tree in India, market streets in
Nigeria, and the back of a local
truck in Jamaica. Locally avail
able costumes, props, and light
ing are highly recommended.
Local clothing adds familiarity to
the performance and gives vil
lagers a sense of involvement in
the production. Props from
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people's own homes have the
same advantages, and also
lighten the transportation load for
productions that travel among
villages. Local lighting systems
are readily refueled and, unlike
novel lighting systems, do not
distract audiences.

Puppetry

Puppetry, like theater, provides
an opportunity for people to
explore community problems and
potential solutions. Puppets,
however, are immune to the
personal scrutiny that actors face.
No one asks the puppet why it is
there, who hired it, or why it
knows more than everyone else.
Puppets, therefore, safely intro-
duce inflammatory subjects and African villagers perform a drama about drunkenness
criticize local situations.

The work of Shankar Singh, an
Indian puppeteer from Rajasthan
State, provides a striking example
of this capability. Singh's legen
dary puppet character is Jokhim
Chacha, a 300-year-old Muslim
whose bold, critical, and insightful
commentary before high officials
and other audiences leads more
often to action than to anger. A
show on minimum wages, for
example, inspired a rare expres
sion of protest by local women
who were being asked to sign for
more wages than they were
receiving.

Puppets are material, tangible
items that attract people of all
ages to performances. Because
they resemble dolls, however,
puppets are especially appealing
to children. For example, Mex
ico's Youth Integration Center's
puppet shows charm young
school children while teaching the
dangers of drugs. In other pro
grams children become the
puppeteers and create shows to
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teach health concepts to other
children and community mem
bers. The Child-to-Child Pro
gram, for example, encourages
schoolchildren to work with non
schoolchildren in developing
puppet shows on health topics to
perform before the community.

Puppet show implementation
requires the same logistical
considerations about stages,
props, and lighting as theater.
However, the recommended
actions differ substantially from
those for theater. Puppet shows
require a stage that is used
primarily to conceal the puppet
eer. Therefore, while the audi
ence size and the puppeteer's
height will dictate its dimensions,
the stage may take any of a
variety of forms. However, as
with theater, most people believe
stages should be made with
locally available materials.
Otherwise, village groups may
feel inhibited about creating their
own productions if they lack a
fancy stage, as a travelling

theater and puppetry troupe in
Ecuador discovered.

Stages are constructed from a
variety of materials. Many places
hang a cloth or blanket over a
wooden stick across a doorway
or tie it between two trees or
chairs. Hausa puppeteers in
Nigeria drape their own robe-like
garments over their bodies and
work the puppets through the
robes' neck openings.

Puppet construction also pre
sents special concerns to manag
ers. Groups giving many per
formances need strong, durable
puppets. These may be made of
cloth, wood, clay, or papier
mache: Less sturdy puppets may
be made from sticks, paper, or
even vegetables like pumpkins
and potatoes.

As with theater, lighting for most
puppet shows should be locally
available, but lighting for shadow
puppetry is critical and may
require special arrangements.
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Pictures

Music is an integral part of every
culture. Its greatest strength is its
emotional power, which inspires
both song and dance. That same
power makes music an excellent
medium for behavior change
motivation. The Planned Parent
hood Association of Thailand, for
example, used an emotional,
romantic ballad to promote
condom use. A Bangladesh
village's schoolchildren's chants
about dirty water inspired com
munity meetings that addressed
water source problems.

Music also allows a high degree
of precise message repetition,
which can enhance recollection
of technical information. Zairean
'traditional birth attendants, for
example, create songs detailing
proper techniques for hygienic
delivery. Nurses in Nigeria teach
mothers a simple song to remem
ber the proper mixing instructions
for oral rehydration solution.

Because music readily attracts
crOWds, songs and dancing are
often used to draw people to folk
media performances which pre
sent health messages. Many
managers overlook the possibility
of using both the preliminary
music and the main show to pre
sent health information.

The number of messages in
cluded in a song must be limited.
Most people recommend present
ing one main idea per song to
facilitate its retention.

Using tunes familiar to local
people is imperative. Inviting
popular local musicians to com
pose songs with selected mes
sages ensures that songs are
familiar, well-received, and easily
remembered.

Storytelling and proverbs are
generally flexible media. Usually
told by one person, stories and
proverbs easily adapt to local
situations. They are especially
effective in relating specific in
structions and motivating and
persuading listeners.

Stories are used in many different
ways..Some stories are par
ables, which use real or imagi
nary scenarios to teach lessons
to listeners. Other stories have
no specific lesson, but instead
help people think about local
problems. Analogies or compari
sons present new ideas in famil
iar settings. For example, in
Liberia, nurses compared feeding
a small child cow's milk with feed
ing a young cow goat's milk. The
message was clear: a mother's
own milk is best for her child.

Stories can be developed by
groups or by individuals. In one
form of group storytelling the
leader begins a story about a
family or community, gets them
into a difficult situation, and then
passes the story to the next
person. That person tells how
the characters resolve the first
problem, creates a new problem
and passes the story to the next
person. The story is complete
when all group members have
participated.

More frequently, stories and
proverbs are adapted for use by
individuals like health workers or
villagers. For example, primary
health care workers in Guatemala
trained local Community Better
ment Committee members to use
storytelling to teach villagers
about water, waste disposal, child
care and food preparation.

Mass printing of pictorial materi
als on paper is a commonly used
modern communication medium,
but pictures which are painted,
woven, or embroidered on cloth'
have long been a popular form of
traditional communication media.

Durable, attractive, and highly
visible, cloth may be worn as
garments, wrapped around
bund,les, or hung on the wall.
Health messages and symbols
printed on cloth thus receive wide
exposure. However, because
cloth messages are often pre
sented without explanation, any
message matched to this medium
must be short, simple, and
familiar.

Both health programs and individ
ual artists have used pictures on
cloth in many ways. Tanzania's
"Healthful Foods" campaign prints
its slogans and symbols on cloth.
Community health leaders may
use cloth to remember concepts
learned in training and to illustrate
those concepts when teaching
villagers. An artist in Kenya has
produced batiks expressing con
cern about family issues, includ
ing health. Each batik depicts a
single simple message, such as
"Breast for me - bottle for the
dog."
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Program Issues

Integration

Controversy surrounds integra
tion of modern and traditional
media. Those favoring integra
tion argue that modern media can
reach larger audiences. Skilled
and patient modern media ex
perts who truly understand the
appeal of traditional media can
effectively capture those qualities
in their productions. In addition,
folk media can make modern
media more interesting and
attractive to rural people.

Others disagree, countering that
modern media destroy folk
media's interpersonal communi
cation with its audience. The
fantasy and grandeur of forms
like Thailand's Nang Ya; shadow
play can be lost under the harsh
lighting and different emphasis of
modern media.

Most people agree, however, that
folk media and modern media
can sometimes be integrated suc
cessfully. Careful preliminary as
sessment of the available modern
and folk media and their compati
bility is critical.
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In addition, modem media
experts need training about the
conventions and traditions of folk
media performances. Folk per
formers similarly must understand
the technical constraints and
requirements of modern media.

The setting of the production also
affects the results. Modern set
tings may enhance technical pro
duction quality, but modern
media must go to the field to cap
ture the ambience and audience
rapport of folk media.

Most commonly, folk media pro
ductions are recorded by modern
media and disseminated. For
example, the Xavier Institute of
Communications in Bombay
videotaped several puppet
shows, including one on health.
A film of traditional young Nepali
musicians singing a family plan
ning song is played in Nepali
theater houses before movies.

Finally, integration may involve a
side-by-side use of modern and
traditional media rather than an
intermingling of the two. For
example, forms of each type of
media may be used to highlight
different aspects of the same
problem. Thus, local songs with
lyrics about overpopulation may
attract villagers to a central
location to hear a radio program
about the use of condoms.

Alternatively, both types of media
may present the same message,
thus reinforcing the concept. For
example, health workers may
teach local women about nutri
tious weaning foods using printed
flip charts, and then present the
same message in a puppet show.

Training

All levels of personnel involved in
folk media activities require
training. Training content and
emphasis vary according to
personnel needs.

Top-level officials generally learn 
about the potential uses of folk
media and the possibilities of
programmatic collaboration
among ministries. Mid-level
decision makers are given, in
addition to the above, program
specific ideas and suggestions.
Field workers gain the same
general information, but their
training emphasizes specific pro
gram details, community partici
pation ideas, and sociopolitical
issues that affect villagers.
Finally, artists learn about devel
opment and health issues, pro
gram details, and production
techniques their peers have
found use'ful. Most people rec
ommend that all training include
experienced artists as trainers
(along with sponsoring agency
representatives). Experienced
artists can explain folk media
from a first-hand perspective and
can use demonstrations, which
are particularly powerful training
tools, to illustrate their method
ologies. They also can learn
more about the sociopolitical and
development issues folk media
programs confront.

When many agencies or minis
tries are interested in folk media,
managers shOUld consider coor
dinating training programs. This
not only decreases expenses but
also promotes inter-agency or
ministry collaboration in future
programs.



A Nepali trainer assists student performers
practicing a drama

Evaluation

Evaluation is a vital element in
assuring effective use of folk
media as a communication
technology, yet few projects have
been thoroughly evaluated so far.
Lack of resources, disagreement
over evaluation methods, diffi-"
culty measuring behavioral
changes, and imprecise project
goals and objectives hinder
evaluation efforts.

Managers should build evaluation
into programs during the earliest
planning stages. Clear program
goals and evaluation strategies
determined in advance ultimately
yield coherent and useful infor
mation.

Folk media evaluations can
assess program efficiency, pro
gram impact or both. Measures
of efficiency include attendance,
adherence to bUdget and sched
ule, and audience characteristics,
and are relatively easy to docu
ment. Impact measures reveal
how well managers achieved the
stated project objectives, such
as disseminating information,
changing attitudes, or initiating
actions. Because observed
changes may be influenced by
external events as well as by the
folk media program, measuring
the impact attributable to the folk
media program is difficult and
requires innovative and carefully
constructed evaluation method
ologies.

Most researchers do this by
comparing the folk media pro
gram area with a "control" area
which is similar in all characteris
tics except for the presence of
the folk media program.. More
complex schemes use the same
folk medium to promote slightly
different messages in two differ-

ent areas. Attitudes and behav
iors related to the messages are
then compared, with each group
serving as the other's control.

Evaluation of efficiency and
impact should be conducted
during and after the project. On
going or formative evaluation,
easily carried out by program
staff members, provides feedback
to guide programmatic adjust
ments during implementation.
Summative evaluation, the final
overall assessment of program
strength, gives decision makers
evidence of program success or
failure and flags high and low
points for future projects to con
sider. Most people recommend
using outside evaluation experts
to assure an objective report.

Evaluation efforts use quantita
tive and qualitative methods to
gather data. Quantitative meth
ods include field questionnaires,
surveys, and medical statistics.
Qualitative methods can include
group discussions, reports from
field workers, and observations
during performances. Many feel
these are better suited to folk

media strategies, since they are
sensitive to the cultural and
situational differences affecting
these activities.

Funding

Folk media advocates consider
low cost a major advantage of
folk media strategies. Folk media
projects generally require few
materials such as props, artists
are often nonprofessionals who
volunteer their time, and any nec
essary lodging is usually provided
by the sponsoring communities.
Managers may thus be able to
fund local projects from their
overall communications budgets
without relying upon additional
allocations from their ministries.

Where outside funding is neces
sary, donors may be reluctant to
finance projects because of the
lack of evaluation data, the
perceived cost effectiveness of
modern mass media, or concerns
about inadequate central control.
However, donors may agree that
the cultural appropriateness and
greater acceptability of folk media
are strong advantages.

11
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Conclusions

Materials Available

Traditional folk media offer health .
program managers a potentially
powerful method of reaching rural
villagers. While modern mass
media may extend messages to
larger audiences at lower cost per
person reached, their depend
ence on centralized, urban
facilities and staff and their need
for uniform, fixed messages often
make them less responsive to
local situations and specific
audience needs. Traditional
media use local language and
symbols in a format which is

.familiar, credible and accessible
to rural villagers.

To be truly appropriate, traditional
media (like other technologies)

Few materials on folk media are
both useful and widely available.
Among the best is Helping
Health Workers Learn, by David
Werner and Bill Bower, which
contains many creative sugges
tionsfor folk media prOductions,
including scripts and song lyrics.
Write to: The Hesperian Founda
tion, P.O. Box 1692, Palo Alto,
CA 94302, U.S.A.

D
Another useful book is Puppets
for Better Health, by Gil Gordon,
a comprehensive puppetry
manual for community workers. It
is, available from Macmillan Pub-

A new aid for disinfecting water is
available. AQUAtimer is a small
acrylic disk that changes color to
indicate when water has boiled
long enough at a sufficient
temperature to disinfect it.
Reusable hundreds of times,
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must be adapted to the overall
approach, message, and in
tended audience with which they ','
are used. Integration with <'

modern m~dia maybe successful'
but must be approached-cau7
tiously: Evaluation is critical both
for adjusting the specific project
and for better assessment of the
net effectiveness of folk media
communication strategies.

With appropriate matching of a
strategy's central components
and thorough consideration of
implementation and management
issues, traditional folk media can
become an extremely effective
means of communicating health
information.

lishers, Houndsmills Basing
stoke Hampshire RG21,2XS,
England.

D
Finally, Theatre-for-Develop
ment: A Guide to Training, a
manual for managers of drama or
puppetry productions, is available
from the Center for International
Education, Room 287 Hills House
South, University of Mass'a
chusetts, Amherst, MA, 01003,
U.S.A.'for US$4.00 plus postage.

D
A bibliography on traditional
media is available from PATH.

AQUAtimer was developed by
PATH and is sold by Pactec, Inc.
AQUAtimer costs US$4.95 plus
$1.00 shipping. Write to: Pactec,
Inc., 4 Nickerson St., Seattle,
WA, 98109, U.S.A., or call (206)
285-4774.
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,I;n~testinal Worms

Soil-transmitted intestinal worms
are found worldwide. The three
most common worms, Ascaris
lumbricoides, hookworm (Ancy
lostoma duodenale and Necator
americanus),. and Trichuris
trichiura, are also among the top
ten most common infections
afflicting people today. Intestinal
worm infections are chronic and
endemic in many areas and have
relatively low mortality rates, so
programs to control worms have
been a low priority for most
countries.

Recent research indicates that
worm control programs using new

Diagnosis and Treatment
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technologies and strategies may,
in fact, be quite cost-effective in
providing many health and pro
ductivity benefits to populations.
Many studies have demonstrated
the negative impact worm infec
tions may have on nutritional
status, growth rates, worker
productivity, and overall well
being. Treating the nutritional
effects and physical compli
cations of worm infections can
place a heavy financial burden
upon limited health budgets.

Several safe and effective ant
helmintic drugs developed in re
cent years are now inexpensive

Prevention

ISSN: 0730-8620

and commonly available. Many
simple diagnostic and prevention
technologies are also available
and, with proper modification for
specific situations, can assist
worm control program managers.
Given the harmful effects of worm
infections and the widespread
availability of simple technologies,
it is important for managers to
reexamine the value of intestinal
worm control programs. This
issue of DIRECTIONS explores
the diagnostic, treatment, and
prevention technologies available
for worm control activities and the
management issues surrounding
their selection and use.

Program Issues

1987
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Asca.ris. Of the main soil-trans
mitted intestinal worms, Ascaris is
the most prevalent, infecting over
one billion people. Acquired by
ingesting infective eggs that
contaminate food, water, or skin
surfaces such as hands, Ascaris
undergoes a larval stage in the
liver and lungs and returns to the
small intestine to mature.. Two
months after entering the body as
eggs, adult female worms in the
small intestine begin producing
up to 240,000 eggs per worm per
day. (However, like most worms,
Ascaris does not multiply within
an individual, so worm burdens
can only increase by repeatedly
ingesting infective eggs.) Over
time, adult female worms can
reach lengths of 45 cm and
diameters of 6 mm.

In addition to the well recognized
physical effects of ascariasis
(such as diarrhea, abdominal
pain, nausea, and loss ofappe
tite) there are more severe com
plications. These include abdom
inal obstruction and worm migra
tion to the hepatic duct, pancre
atic duct, appendix or other
organs. Although these compli
cations are relatively rare, they
often result in death, especially
when they occur in young
children.

Although Ascaris infection and
nutritional status are closely
related, the extent to which they
affect each other is uncertain.
Various studies implicate Ascaris
in decreased fat and·nitrogen
absorption, increased nitrogen
loss in feces, malabsorption of
vitamin A, and malabsorption or
intolerance of lactose. Some
studies also reveal decreased
growth rates in children with
ascariasis and increased growth
rates after drug treatment. These
effects are generally greater in
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undernourished children.
Although these effects are diffi
cult to quantify, they point to the
broad irnpact Ascaris may have
on nutritional status.

Hookworm. The two species of
hookworm, Ancylostoma duo
denaIe and Necator americanus,
infect at least 900 million people.
Larvae in soil penetrate the skin
(usually the feet) and migrate to
the small intestine via the heart
and lungs. After two or more
months, each mature female
begins releasing 10,000-20,000
eggs per day. As with Ascaris,
hookworm burdens only increase
with repeated exposure to infec
tive larvae.

Symptoms of hookworm infection
include skin diseases like derma
titis ("ground itch") and cutane
ous, migrating larvae ("creeping
eruptions"); respiratory irritations
like coughing, wheezing, and
bronchitis; and intestinal pro
blems such as vomiting, diarrhea,
and loss of appetite.

Nutritionally, hookworm infections
cause blood loss and depletion of
iron stores leading to iron
deficiency anemia. Breathless
ness, apathy, headache,and
weakness, in addition to low
hemoglobin levels, characterize
iron-deficiency anemia. Even
mild anemia can seriously affect
growing children, pregnant
women, and persons required to
perform heavy physical labor.

Trichuris. Trichuris trichiura, or
whipworm, infects over 900
million people. Although highly
prevalent and geographically
diverse, Trichuris has received
less attention than Ascaris and
hookworm. Like Ascaris, Tri
churis is acquired by ingesting
infective eggs from soil-contami-

nated food, water, and hands.
After ingestion, the eggs hatch
and develop in the small intes
tine. They migrate to the large
intestine where they mature,
burrowing their heads into the
wall of the cecum (part of the
intestine). Within three months,
adult females begin producing
2,000-14,000 eggs daily, which
cannot reinfect the host before
excretion.

Symptoms of trichu riasis vary
depending upon the severity of
infection. Moderate infections
cause generalized symptoms like
allergic reactions and long-term
diarrhea, which make them diffi
cult to diagnose without labora
tory testing. Most severe cases
occur in children between ages
two and fifteen and may include
chronic bloody and mucoid
diarrhea, abdominal pain, and
rectal prolapse.

The chief nutritional outcome of
moderate and severe trichuriasis
is growth stunting. This may be
caused by nutrient loss from
chronic diarrhea.

Worms from 2-year-old girl who
died of Ascaris complications
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Several simple and effective tech
nologies are available to assist
program managers, laboratory
technicians, and medical person
nel in the diagnosis and treat
ment of individuals and commu
nities. Selecting appropriate
technologies for either purpose
requires thorough assessment of
program needs, available
resources, and environmental
conditions.

Diagnosis

There are three main laboratory
techniques for detecting the pre
sence of Ascaris, hookworm, or
Trichuris eggs in feces: the direct
thin smear, various concentration
methodsj and the quantitative
cellophane thick smear (also
called the Kato-Katz method).
Each has specific advantages
and disadvantages.

The direct thin smear (a wet
preparation) is one of the most
common methods. A small por
tion of stool is mixed with physio
logical saline on a slide to make a
thin suspension, and then exam
ined microscopically for worm
eggs. By far the simplest, quick
est, and cheapest technique, the

thin smear requires only standard
slides, slide covers, saline
solution and a microscope.

Because it uses only a small
amount of feces, the direct thin
smear may not detect eggs when
few are present. Also, slides
must be examined soon after
being made or they may dry out.

Lab personnel must be experi
enced enough to distinguish eggs
from other stool contents such as
vegetable fiber and starch cells.
However, Ascaris, Trichuris, and
hookworm eggs have distinctive
forms, so inexperienced staff
easily may be trained to recog
nize them.

Therefore, the direct thin smear
technique is appropriate for
detecting parasites in heavily
infected individuals, where
smears may be examined soon
after preparation, and where lab
personnel are experienced or can
be trained. These constraints
make the direct smear difficult to
use for mass stool examinations.

There are several concentration
methods, all of which separate
parasite eggs from relatively large
amounts of stool and can be
modified to give quantitative
results. In concentration meth
ods, feces are mixed with liquids
of varying densities, and then
sieved and centrifuged to sepa
rate parasite eggs and larvae
from other stool contents.

Concentration techniques can
detect low intensity infections and
are particularly well suited for
detecting the presence of trans
parent, colorless hookworm eggs.
In addition, the required reagents

are often readily available. Com
mon concentration techniques
include the formol ether method,
the simple gravity flotation meth
od and the simple saturated salt
flotation method. A newer con
centration method, the formol
detergent method, is described in
the box on page 5.

Concentration steps, however,
are often time-consuming and
some of the reagents, like ether
and its less 'flammable substitute
ethyl acetate, must be used
under a hood or in a well ventila
ted area and well away from
flames. Also, some methods may
require a centrifuge. Concentra
tion methods are therefore best
for diagnosing light worm burdens
or assessing the level and
intensity of hookworm infections
in community-level programs.

The Kato-Katz quantitative cel
lophane thick smear method is
often recommended for mass
detection of Ascaris, Trichuris,
and sometimes hookworm. A
measured amount of stool
(sieved to remove large particles)
is placed on a slide, pressed
smooth with a glycerine-soaked
cellophane coverslip, and exam
ined microscopically for worm
eggs. (A thick glass coverslip
may be used where cellophane is
unavailable.)

Simple, cheap, fast a'nd effective,
the Kato-Katz technique requires
only wire or plastic mesh, stan
dard slides, glycerine-soaked
cellophane pieces, and a
microscope. (Malachite green
stain is optional.) Because it
uses measured amounts of stool,
the Kato-Katz method can pro
vide estimates of the intensity of
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Strongyloides

stercoralis

be detected. For example, to
determine the prevalence of
hookworm in a community, a
manager would probably select a
diagnostic technology specific to
hookworm, such as the saturated
salt Hotation method. However, a
program assessing the overall
prevalence of several intestinal
worms may need a technology
like the Kato-Katz method, which
can detect a wider variety of
worms. (The formol ether
concentration method is more
reliable for this purpose, but
requires a centrifuge. The formol
detergent method is also good
but needs overnight sedimen
tation.) Programs that attempt to
detect a variety of parasites may
need to use two or more tech
niques. For example, programs
assessing hookworm and
Trichuris infections might use a
flotation method for hookworm
and the Kato-Katz method for
Trichuris.

Finally, the manager must assess
the adequacy of local laboratory
facilities, as well as the availa
bility of experienced lab person
nel and the reagents and equip
ment needed for performing the
chosen diagnostic techniques. A
laboratory that is not well ventila
ted to protect lab personnel from
harmful vapors should avoid per
forming techniques that use
dangerous chemicals. Tech
niques requiring uncommon or
expensive reagents or a regular
source of electricity for a centri
fuge may be less appropriate in

<D rural areas. The need for test
~ tubes or other breakable equip
~ ment may also limit the useful
~ ness of certain diagnostic meth
~ ods, particularly if water to clean
:r:- them is scarce or replacing
~ equipment is difficult.
a..

Trichuris

trichiura

The best laboratory diagnostic
technique for a specific program
depends upon the reason for
diagnoses and the time and
resources available for perfor
ming the tests. A program's initial
commu nity-wide assessment of
the prevalence of Ascaris infec
tion, for example, may demand a
laboratory diagnostic technique
like the Kato-Katz method, which
allows quick processing of many
stool samples. Programs that
need quantitative estimates of
worm burdens, such as research
efforts or community treatment
schemes targeting heavily infect
ed individuals, may prefer a con
centration technique but can use
the Kato-Katz method for speed
ier results.

The choice of diagnostic tech
nique is also influenced by the
type and number of parasites to

Harada-Mori '"filter paper culture"
technique, described in the
Strongyloides box on page 11,
may also be appropriate.)

Hookworm

Unfertilized

Lab personnel must be careful to
avoid contaminating work areas
with stool when preparing slides
with the Kato-Katz method. Also,
hookworm slides prepared with
this method must be examined
soon after preparation, since
hookworm eggs become distorted
quickly at room temperature. For
this reason, a concentration
method, like the saturated salt
flotation method, is often pre
ferred for field assessment of
hookworm infections. (The

For Ascaris and Trichuris, the
Kato-Katz method will provide
accurate results even when ex
amined after lengthy delays. In
fact, Trichuris eggs are more visi
ble 24 hours after slide prepara
tion, and some studies report
accurate results when slides are
examined after six months of
storage in a dry climate.

infection. It can also detect light
infections. Several slides may be
prepared at once to reduce the
time spent on diagnosis.

Microscopic view of intestinal worm eggs and larva
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THE FORMOl DETERGENT CONCENTRATION TECHNIQUE

A recently developed quantitative concentration method that is useful in field surveys is
the formol detergent concentration technique. In this simple and inexpensive tech
nique, a measured amount of feces is mixed with a weak formal detergent (like house
hold detergent) solution. After sieving, the suspension is left undisturbed overnight for
the eggs and larvae to separate from the rest of the stool. A fine precipitate contain
ing the eggs and larvae settles and is placed on a slide for microscopic examination.

The formol detergent method causes no egg distortion and is safer and more hygienic
than the formol ether and Kato-Katz methods. It uses no dangerous reagents and
involves little handling by lab personnel. No centrifuge is required and the reagents are
standard laboratory chemicals (formalin and detergent). Like the formol ether method,
the formol detergent technique can detect Ascaris, Trichuris, and hookworm eggs and
the eggs, larvae, and cysts of other intestinal parasites. (Further details on this and
other laboratory techniques can be obtained from Tropical Health Technology at the
address listed in Materials Available, on page 11.)

Treatment

Many anthelmintic drugs exist for
treating worm infections, and
choosing the most appropriate
drug for a specific program is
vitally important. There are sev
eral criteria that managers should
thoroughly assess in selecting a
drug, and these are outlined for
five of the most common ant
helmintics in the table on page 6.
These drug characteristics, along
with specific program and situa
tional needs, will determine the
proper drug for treatment efforts.

A drug's safety and efficacy are
of primary importance. Selecting
a drug with minimal side effects
and high cure rates benefits the
patient and enhances community
acceptance of the project. This is
especially true for programs lack
ing the resources, personnel, or
organizational capacity to track
individuals with adverse drug
reactions. A drug with a short
shelf life or speci"fic storage re
quirements may lose potency by

the time it reaches the field.
Managers must consider these
qualities carefully when compar
ing different drug manufacturers'
products.

A drug should be effective
against the widest variety of
parasites possible. Since many
people use health care facilities
infrequently, administering a
broad spectrum anthelmintic
(such as mebendazole or alben
dazole) can provide the greatest
possible bene"fit in a single visit.
Drugs that are effective against
many parasites may also facilitate
collaboration among programs.
For example, metrifonate, a drug
that can treat schistosomiasis
effectively and also decrease
hookworm burdens, may be used
by programs coordinating efforts
to control the two diseases.

Dosage requ irements and drug
availability are factors that dras
tically affect the drug's cost and
ease of administration. To esti
mate overall costs, managers

must calculate the number of
persons to be treated and the
number of doses each requires
for cure. A seemingly expensive
drug requiring only one dose may
actually be cheaper than one that
initially appears inexpensive but
requires multiple doses, several
field trips by health personnel,· or
tracking persons who need
repeat doses.

If the drug must be transported or
obtained from distant sources,
these costs must also be covered
by the program. (A national
Clessential drugs" policy, as dis
cussed in Health Technology
DIRECTIONS, volume 5, number
2, may help minimize some of
these costs.)

Finally, the drug must be easy to
administer. For example, drug
dosages that depend upon age or
body weight may require calcula
tions that are difficult for some
workers to perform. Also, tablets
that are bitter-tasting (like some
forms of piperazine are) or large
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may be difficult for children to
swallow, causing some to refuse
treatment. Using liquid suspen
sions or mixing bitter medicines
with squash or other foods may
eliminate this problem.

Most people recommend never
treating pregnant women or chil
dren below age two or weighing
under ten kilograms, regardless
of the drug selected. However,
managers must consult package
inserts or national drug regulatory
authorities for precise information
on drug safety, efficacy, side
effects, contraindications, and
dosages.

In addition to anthelmintic ther
apy, managers must consider
treating the nutritional deficits that
often accompany worm infec
tions. Of primary concern is the
iron-deficiency anemia associ
ated with hookworm and Trichuris
infec'lions. WHhout iron supple
mentation, normal iron levels may
not be regained for up to 20
months after anthelmintic treat
ment, during which time reinfec
tion may occur. With iron supple
mentation, normal levels may be
reached within three months,
although this varies depending
upon normal dietary iron intake
and depletion from other causes.

Although anthelmintic therapy
plus iron repletion may seem
costly, improved maternal and
child health and increased worker
productivity resulting from treating
both anemia and infection can
mean much greater economic
savings than the initial drug
therapy expenses. Therefore,
many experts consider iron reple
tion to be a critica.l component of
the treatment of both hookworm
and Trichuris. In fact, some
advise programs with limited
resources to treat patients with
hookworm for iron-deficiency
anemia before treating the actual
hookworm infection.

ANTHELMINTIC DRUG CHARACTERISTICS

Piperazine Mebendazole Albendazole Levamisole .Pyrantel
Pamoate

Active Against:

Ascaris

Hookworm

Trichuris

~ ~ ~ ~ ~

~ ~ ~ ~

~ (a) (a)
~

Other Characteristics:

Treatment time (days)

Total number of doses

Relative cost

Side effects (b)

C . d· . (c)ontraln lcahons

1 or more 3 1 1 2or3

1 or more 6
1(a)

1 2or3

low medium medium/high low/medium medium

rash, fever,
nausea, stomach pain, dizziness, diarrhea, fever

stomach, liver
stomach pain reactions

liver and kidney serious kidney concurrent
disease, epilepsy see (c) below see (c) below disease piperazine use

(a) With repeated doses (3 or more) for heavy infections.
(b) Side effects for all these drugs are uncommon and transient, and are often related to worm movement or expulsion.
(c) Pregnancy, lactation, and under 2 years of age are contraindications for all five drugs, in addition to those listed.
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Prevention

Efforts to prevent the spread of
soil-transmitted worms shou Id
include sanitation.measures as
well as community-based drug
treatments. Health education is a
necessary component of all
prevention activities.

Because intestinal worms are
spread through feces, sanitation
related technologies and behav
iors are important in preventing
disease transmission. The use of
latrines by an entire community is
critical for eliminating worms and
other fecally-transmitted organ
isms from the environment.
People who use latrines may be
come infected if the surrounding
environment is contaminated by
people who do not use them.

Many varieties of latrines are
available, including traditional pit
latrines; ventilated improved pit
latrines, which minimize flies and
odors; and double-vault latrines,
which allow adequate composting
of human excreta for use as ferti
lizer. An appropriate latrine style
is one that is financially afford
able; socially and culturally ac
ceptable; technically and environ
mentally sound; simple to install,
operate and maintain; and bene-

ficial to public health. (More infor
mation on latrines is available in

. the SIDA manual listed under
Materials Available, page 12.)

But, as many project managers
have discovered, constructing
latrines does not ensure their
proper use. In fact, poor con
struction or improper mainten
ance of latrines may actually
increase the spread of disease.

For example, pit latrines built in
areas where ground water is high
or wells provide drinking water
must be carefully constructed to
prevent leakage from the pit
walls. When latrines are built too
close to homes and are infested
with flies, uncovered food may be
contaminated with worm eggs
carried by flies. The slabs cover
ing the pits must be kept clean or
they may transmit worms like
hookworm, which enter the body
through the skin of the foot.

Latrines may not completely
prevent worm transmission be
cause young children, the age
group most susceptible to worm
infections, are not likely to use la
'trines. Few caretakers have time
to ensure that every stool of
every young child is deposited in
a latrine. This is particularly true
when the child has diarrhea.

Where building latrines is not
feasible, health personnel should
encourage defecating in one spot
or in areas with bright sunlight
and low moisture and covering
feces with dirt. This often de
stroys hookworm and Trichuris
eggs, but Ascaris eggs may sur
vive adverse environmental
conditions. Ultimately, the best
way to decrease worm trans-

7

mission is consistent, community
wide use of latrines.

Adequate supplies of clean water
may also slow transmission of
worm infections, primarily by
facilitating frequent hand wash
ing. Where water is scarce, sim
ple technologies, like a can with a
hole in the bottom that is closed
by a stick and opened to release
a small flow of water, are useful.

As with latrine use, however,
cleaning the hands of young chil
dren, who acquire and transmit a
major portion of worm infections,
may be difficult. Also, since
Ascaris, hookworm, and Trichuris
are transmitted by many routes in
addition to water, even sufficient
quantities of excellent quality
water cannot significantly reduce
transmission of infection if no
other prevention activities are
implemented.

Another sanitation strategy
involves eliminating or controlling
the use of Ilnight soil" (composted
human excreta) as a crop fer
tilizer. Although enriching the soil
with which it is mixed, night soil
can contaminate vegetables and
other crops it touches. Thorough
cleaning of vegetables is essen
tial, but if water is scarce or
distant this may be difficult.

One way to stop this mode of
disease transmission is for gov
ernments to pass laws against
using night soil. Where elimina
ting this practice is not possible,
composting night soil to a high
enough temperature for a long
enough period of time, which de
stroys infective worm eggs and
larvae contained in feces, should
be stressed.
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Most people recommend waiting
at least six months before using
compost contents, but factors
other than time and temperature
may speed or slow the process.
These include soil moisture and
acidity, and the presence of oxy
gen and other organisms. Com
posting details are contained in
the SI DA manual referenced in
Materials Available.

Finally, most hookworm infections
could be prevented by wearing
shoes consistently. Since the
majority of all hookworm infec
tions are acquired through sur
faces of the feet, simply preven
ting contact with infective larvae
found in soil is highly effective. In
some countries, inexpensive rub
ber sandals have become widely
available through shoe manu
facturers' marketing efforts.
National government support and
promotion can also increase shoe
wearing, as has been seen in
Tanzania.

Unfortunately, shoes still are not
commonly worn by many people
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A Kenyan booklet promotes shoe
use as hookworm prevention
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in most developing countries,
often because of their cost. In
the rainy season, cheaper, im
permeable plastic and rubber
shoes can be uncomfortable and
may cause dermatitis, while more
expensive shoes may be ruined
by water.

Although sanitation measures will
ultimately rid the environment of
infective worm eggs and larvae,
their effectiveness depends upon
widespread use and their results
are not visible for years. Com
munity-based drug treatments
produce more rapid results but do
not interrupt disease transmission
pathways permanently.. Never
theless, in countries where major
sanitation improvements are
unlikely in the near future, many
experts recommend community
wide drug treatment schemes as
the major approach to prevention.

Regularly repeated, community
based drug treatments can be
effective prevention activities for
individuals and for communities.
In individuals, drug treatments
may prevent or eliminate the
nutritional and intestinal compli
cations associated with worm
infections. In the community,
drug treatments may help reduce
the number of eggs excreted into
the environment, thereby de
creasing contamination and low
ering the risk of exposure to
infective eggs and larvae.

Community heaUh education is
an important component of both
these approaches to prevention.
Education about worms can help
people appreciate the impact
their behaviors have upon their
own and the community's health,
and can motivate them to change
harmful behaviors. It can also
give people specific information
with which to improve their

health. For example, latrine
construction details as well as the
importance of washing young
children's hands and placing their
stools in latrines may be con
veyed with health education
activities.

Because prevention measures
require the cooperation of the
entire community, education
efforts should include community
members. Local theater and
puppet shows, songs, and story
telling sessions are good ways to
involve villagers in education.
(See Health Technology DIR
ECTIONS, volume 7, number 2.)

Local health volunteers should
also be involved in community
health education activities.
Because they understand vil
lagers' perceptions and beliefs,
local health educators can draw
analogies between villagers'
experiences and modern
sanitation concepts.

Health education may occur in a
variety of places. Community
meetings or festivals offer
opportunities to present new
ideas to large audiences. Smal
ler groups like women's organiza
tions or local cooperative groups
allow more intimate exchanges
that may increase understanding
and acceptance of ideas.

Many educators recommend
teaching health concepts to chil
dren in schools. Because school
children often care for younger
siblings at home and are them
selves at risk of infection, teach
ing them about worms and sani
tation may have wide ranging ef
fects. Also, teaching schoolchil
dren these concepts may result in
health benefits for their own chil
dren, multiplying the effects of the
initial health education efforts.
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Managers developing worm con
trol program strategies need
accurate background information
about targeted communities.
Data on the prevalence of speci
fic worms, the distribution of
infections within the different pop
ulations of the community, and
the intensity of infections can
help program managers design
the most effective and least ex
pensive approach to worm control
for a given community.

Surveys conducted by the gov
ernment on a nationwide basiS or
by local health personnel at the
community level provide informa
tion about disease patterns.
Nationwide surveys help in deve
loping national policies and
guidelines but overlook commu
nity variation. Community-level
surveys give locally specific infor
mation, but their results may not
be applicable to other sites.

Survey results must be inter
preted cautiously. A survey con
ducted at one point in time can
not re'flect the changing patterns
of infection in communities or
changing intensities of infection in
individuals. For example, a
disease may appear highly

prevalent and infections may
seem severe when a survey is
conducted during the rainy
season. However, the disease
may actually be decreasing in the
community, and the infections
may be unusually severe. Even if
worm infection levels do not fluc
tuate drastically, managers must
be aware that survey results may
not reflect the commu nity's usual
disease patterns.

Nevertheless, prevalence data
'from surveys may help managers
with decisions such as the selec
tion of a drug which provides the
greatest bene'fit to the most
people. For example, in a com
munity with Ascaris, hookworm,
and Trichuris present in equal
proportions, a broad spectrum
anthelmintic is best. Where one
species of hookworm predomi
nates, a drug specific to that
species should be selected.

Survey data describing the inten
sity and distribution of infections
within a community may indicate
the best strategy for community
level treatment. Treatment pro
grams may administer drugs to
the entire community or only to
selected persons within the com
munity. Many factors influence
this choice. Where infections
are highly prevalent, of similar
intensity, and evenly distributed
among community members,
mass deworming of the entire
community may be appropriate.
However, sufficient quantities of
relatively inexpensive drugs must
be available to implement this
strategy successfully.

If small groups of people carry
the majority of the community's
worm infections, as is often seen

with hookworm, managers may
consider treating only that select
ed group. For example, if the
majority of infections occur in chil
dren aged two to fifteen, as
occurs with Trichuris, managers
should consider targeting children
in that age group for diagnosis
and treatment. However, ade
quate lab facilities, personnel,
and resources are necessary to
perform the stool examinations
required by selective treatment
strategies.

In some places, variations and
combinations of the two ap
proaches may be necessary. For
example, mass treatment of all
cornmu nity members may be
followed by selective repeated
treatments for those at higher risk
of reinfection or those still exhib
iting symptoms of infection.

Effective and economical timing
of treatments must also be deter
mined. Seasonal changes in
transmission of worm infections
are generally small in tropical
regions. However, hookworm
eggs are more fragile than other
eggs, so slight decreases in
hookworm transmission may be
seen in colder, drier seasons.

Where seasonal variations do
occur, managers should consider
strategies such as mass treat
ment at the beginning of the wet
season, to decrease the pre
sence of infective eggs and lar
vae in the environment, and also
at 'the end of the wet season,
when overall prevalence of infec
tion is generally high and reinfec
tion is less likely to occur during
the coming dry season. A less
costly approach is to treat every
one annually, after the wet sea-
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Philippine schoolchildren receive deworming medicine

pie, require stool exams that may
be able to detect other worm
eggs, and may use metrifonate,
which also can decrease hook
worm burdens. In Samoa,
parasite control programs are
part of filariasis control efforts. In
Vietnam, parasite control is
integrated with sanitation and
environmental hygiene programs.

Similarly, deworming may be
coordinated with other preventive
health activities. For example,
EPI programs may offer deworm
ing to the older siblings of infants
being vaccinated. Deworming
may also be linked to growth
monitoring sessions.

son, and selectively treat only the
most severe infections during the
rest of the year.

Decreases in disease prevalence
after a single round of treatment
usually disappear within one
year, due to reinfection, although
infection intensities may remain
low for a longer time. Most
people recommend repeating
treatments at regular intervals to
achieve long-term decreases.

Research results vary greatly, but
most people recommend at least
two treatments yearly, and some
favor treatments every three
months. Since Trichuris is reac
quired particularly quickly, shorter
intervals may be desirable in
places where Trichuris is endem
ic. Hookworm, which has a
slower rate of reinfection, may
only require annual treatments.
Ascaris studies, noting that chil
dren and heavily infected people
are more rapidly reinfected after
treatment, may support a selec
tive treatment scheme with
shorter treatment intervals for
children and heavily infected
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people and longer intervals for
lightly infected people. Other
studies, showing that even light
Ascaris infections may be
harm'ful, imply a need for repeat
ed mass treatments regardless of
infection intensity.

Deworming may take place in
homes, health clinics or schools.
Taking deworming" efforts from
house to house ensures thorough
coverage of entire neighbor
hoods, where prevalence and
intensity of infection may be simi
lar. Treating at health clinics may
enhance the credibility of the
health system. Deworming at
schools may allow broad access
to children, the most vulnerable
age group. However, this strat
egy misses preschool children,
school dropouts, and, in countries
where only wealthy children
attend school, the children of
poorer families, who often have
the greatest need for deworming.

Finally, control strategies may be
integrated with other disease
control programs. Schistosomi
asis control programs, for exam-

The Japanese Organization for
International Cooperation in
Family Planning (JOICFP) has
been extremely success'ful in
using deworming strategies to
introduce family planning
programs. These projects,
operated and financed by a vari
iety of organizations around the
world, are based on the premi
ses that there is a universal
dislike of worms and that by
deworming a community, pro
gram staff can gain the trust of
villagers. That trust then may
facilitate introduction of other less
tangible primary health concepts,
like family planning and
sanitation.

All JOICFP projects involve local
people in planning and imple
menting deworming and subse
quent health activities. Control of
overall project operations is
shared by government, private
organizations and expert groups.
In this way projects can benefit
from the specific knowledge of
local people and experts, and
from the support and experience
of private organizations and the
government.
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STRONGYLOIDES STERCORALIS

Infection with Strongyloides is common in many countries, but it differs from other soil-transmitted
worm diseases. As with hookworm, infective larvae penetrate the skin, pass through the heart and
lungs, and invade the intestinal lining. However, eggs produced in the intestine become larvae that
are usually excreted but may reinvade the intestine without leaving the body ("autoinfection").
Acute strongyloidiasis may include coughing, fever, abdominal pain and mucoid diarrhea. Chronic
strongyloidiasis is often asymptomatic, although diarrhea, abdominal pain, and "larva currens"
(similar to "creeping eruptions" in hookworm infection) may be present. Chronic strongyloidiasis
may persist for many years, due to autoinfection. Overwhelming or disseminated strongyloidiasis,
the most severe form of disease, is often fatal. People who are immunologically weakened by
therapeutic drugs like corticosteroids or by diseases like acquired immune de'ficiency syndrome
(AI DS) are particularly susceptible to this massive invasion of the body's major organs.

Laboratory diagnosis can be difficult, but larvae may be detected with the formol ether method or
the Harada-Mori ''filter paper culture" technique, in which moistened feces is placed on a strip of
filter paper in a test tube with 1 ml of water. Infective larvae appear in the water several days to two
weeks later. Thiabendazole is the most common anthelmintic, but may have some side effects and
is not always effective. Mebendazole and albendazole have been used with varying success.

Diagnosis is slow and sometimes inaccurate, so anyone with larva currens should be treated.
However, community-based treatment should target people at risk of disseminated strongyloidiasis.
Where resources are adequate, any immunosuppressed individual or anyone taking immuno
suppressive drugs should be tested periodically for Strongyloides and treated if positive. Where
resources are scarce, managers should consider treating such individuals without testing for
Strongyloides. Prevention strategies include wearing shoes to prevent soil from contacting skin.

Conclusions

Materials Available

Several simple diagnostic tech
niques are available and many
drugs can treat worm infections
effectively and cheaply. The ap
propriate choice depends on pro
gram needs, environmental con
straints, and available resources.

Prevention efforts may include
sanitation activities, community
based drug treatments, or both.
Health education is vital for all
prevention activities.

Control strategy development
uses data on infection preva
lence, distribution, and intensity.
The seasonality of infections and
the appropriate interval between
treatments must also be consid
ered. Integrating worm control
with other health programs may
be quite advantageous.

With so many simple technolo
gies available to help control
such prevalent, harmful, and
easily curable and preventable

There are many good references
on intestinal worms. Medical Lab
oratory Manual for Tropical
Countries, by Monica Chees
brough, is a guide to diagnostic
techniques. Volume I (clinical
parasitology and chemistry) costs
£8.95 (airmail) or £7.75 (sllrface);
volume II (microbiology) costs
£4.45 (airmail) or £3.85 (surface).
A plastic-coated, color wall chart
with large, vivid photographs of 15
helminth eggs and larvae is also
available. It costs £3.30 (airmail)
or £2.25 (surface). These and

diseases, worm control programs
should be considered critical
components of public health
efforts.

other items may be obtained from:
Tropical Health Technology, 14
Bevills Close, Doddington Cam
bridgeshire, PE15 OTT, England.

D

Sanitation Without Water, by
Uno Winblad and Wen Kilama,
details sanitation technologies
like latrine construction and com
posting and is available in Eng
lish, Spanish, Arabic, and Portu
guese. A simplified version is
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available in Swahili and Amharic.
Request copies from: SIDA,
Health Division, S-105 25,
Stockholm, Sweden.

D

Slides, brochures, and manuals
on intestinal worms and their
control are available in French,
Portuguese, and English from
Bureau d'Etudes et de Recher
ches pour la Promotion de la
Sante'. For prices, write to:
B.E.R.P.S., P.O. Box 1800
Kangu-Mayurnbe (Bas-Z), Zaire.

Management Sciences for Health
(MSH) offers a four-week course
May 2-27,1988, on improving
and supporting drug supply pro
grams. An optional fifth week
details computer use in managing
drug supply and also is open to
those not attending the four-week
course. Applications are due
March 15, 1988. For more infor
mation, write to: MSH, 165 Allan
dale Rd., Boston, MA 02130,
USA.

•
The Asian and Pacific Pro
gramme for Development Train
ing and Commmunication Plan
ning (a regional service unit of
UNDP) has announced its 1988
training courses for program
managers and communications
specialists. Topics to be covered
include planning, management,
supervision, evaluation, and
training. For more information,
write to Dr. Muangtong
Khemmani, DTCP/UNDP, P.O.
Box 2-147,19 Phra Atit Road,
Bangkok 10200, Thailand.
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Finally, Prevention and Control
of Intestinal Parasitic Infec
tions, a 1986 WHO Technical
Report Series (number 749),
contains an expert committee's
recommendations for controlling
worms and other parasites. It is
available through WHO Regional
Offices or by writing to: WHO,
Distribution and Sales Service,
1211 Geneva 27, Switzerland.

D
A bibliography on intestinal
worms is available from PATH.

AHRTAG, The Appropriate
Health Resources and Tech
nologies Action Group Ltd., is
publishing a free quarterly news
letter on AIDS and HIV infection.
It includes practical information
on AIDS, its prevention and con
trol, integration with other health
care activities and a readers'
exchange section. To receive the
newsletter, write to: AHRTAG,85
Marylebone High Street, London,
W1 M 3DE, England.

•
The International Women's
Tribune Center (IWTC) supports
activities promoting women's '
participation in development.
Resource books such as Com
municating Appropriate Tech
nology with Rural Women and
The Tech and Tools Book: A
Guide to Technologies Women
are Using WOl'ldwide are
available free or at low cost. For
more information, write: IWTC,
777 United Nations Plaza, New
York, NY 10017, USA.
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Sexually Transmitted Diseases
Sexually transmitted diseases
(STDs) are an important cause of
morbidity and mortality in every
country in the world. For exam
ple, in Kenya gonococcal ureth
ritis represents over 100/0 of all
diagnoses of infectious disease in
adult males, while in Asia pelvic
inflammatory disease, or PID, a
condition 'frequently due to STD
infection, accounts for up to 230/0
of all acute admissions to gyne
cology wards. In Costa Rica, a
study revealed evidence of past
chlamydiaI infection in over 500/0
of women of childbearing age.

The impact of STDs is seen not
only in the men and women
experiencing immediate symp
toms but also in those who suffer
long-term secondary complica
tions and in the infants of infected
women. Initially, adult males with
STD infections may experience
pain from urinary and genital tract
infection. Adult females may be
symptomless, have pain related
to PID or tubal infection, or suf
fer miscarriage or stillbirth. The
damage caused by these primary
effects of STDs can lead to infer
tility in men and women and
ectopic pregnancies in women.
Newborns of infected women
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may contract eye infections,
pneumonia, and congenital
disease, and may die.

Despite the public health signifi
cance of STDs, few national gov
ernments or private organizations
have initiated STD control activi
ties. In many cultures, STDs are
not discussed easily in public,
and because STDs other than the
acquired immune deficiency syn
drome (AI DS) rarely cause death
in adults, health service manag
ers may not give them a high
priority. While the growing impact
of AI DS has refocused attention
on STDs (in fact, recent evidence
suggests that some STDs may
facilitate transmission of the AI DS
virus) there is a danger that the
more common STDs, like gonor
rhea, chlamydia, syphilis, and
chancroid, may be neglected
while efforts against AIDS are
undertaken.

This issue of DIRECTIONS
examines the technologies avail
able for diagnosing, treating, and
preventing four of the most prev
alent and serious STDs in the
world, and the important consid
erations for their appropriate
selection and use.

ISSN: 0730-8620

Diagnosis
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Gonorrhea. Neisseria gonor
rhoeae infection, the most com
mon STD in developing countries,
has an incidence of 10% in many
parts of Africa and is found in 12
200/0 of women at antenatal clin
ics. In men, gonorrhea causes
profuse, pussy discharge and dif
ficult or painful urination. Severe
or repeated infections can cause
infertility. Women may be symp
tomless or have discharge and
lower abdominal pain from PID or
tubal inflarrlmation. Even one
episode of PID increases a
woman's risk of infertility. Tubal
scars from inflammation may
cause infertility or tubal pregnan
cy. Pregnant women may mis
carry or deliver prematurely, and
over 40% of their newborns may
acquire ophthalmia neonatorum,
an eye infection that can cause;,
blindness. Gonorrhea also may
occur in the anus, rectum, or
throat in up to 50% of persons
with genital gonorrhea.

Chlamydia. Chlamydia
trachomatis appears to b~ the
most common STD in developed
countries and may be equally
important in developing countries.
Chlamydia has been found in
29% of pregnant women and in
50/0 of asymptomatic men in
Kenya, and is thought to cause
most nongonococcal urinary tract
infections in males worldwide.

Chlamydial symptoms are similar
to those of gonorrhea, but are
less marked. Men have clear or
white discharge and difficult or
painful urination. Women may be
symptomless or have yellowish,
mucoid discharge and an
inflamed cervix. PI D and tubal
scarring and their consequences
are the main chlamydial com
plications. Infected women's
infants may contract eye or
genital infection or pneumonia.
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Among infants at risk, 35-50%
acquire eye infections and 10
200/0 develop pneumonia.

Syphilis. Treponema pallidum
infection is common, but its
incidence may be changing.
Widespread antibiotic use has
decreased incidence, but the
decline of yaws and pinta (two
related, nonvenereal diseases)
may reduce the cross-immunity to
syphilis that they once provided.
Some 30% of men at an STD
clinic in India and up to 15% of
pregnant women in many African
countries test positive for syphilis.

Syphilis has many symptoms. In
primary syphilis, a painless, firm
single chancre (ulcer) with a clear
base and well-defined edge is
common. Secondary syphilis is
indicated by condylomata lata (a
flat, wart-like growth on the geni
tals and mucous membranes) and
a symmetrical, nonitching skin
rash with raised surfaces, often
on the palms and soles. Tertiary,
or late, syphilis, if untreated, may
cause insanity and death.

Syphilis at any stage can affect
women's pregnancies, but early
syphilis causes complications
more often than other stages. Of
infected women's pregnancies,
one third end in fetal or infant
death, one third in live infants with
congenital syphilis, and only one
third in uninfected infants.

Congenital syphilis usually
appears within three months of
birth. Rash, condylomata lata,
swollen and bleeding nasal mem
branes, and bone or joint swelling
may appear. In Zambia, syphilis
causes over 40% of stillbirths,
and 1°k of all newborns have
congenital syphilis. In Ethiopia,
syphilis causes 5% of all post
neonatal infant deaths.

Chancroid., Haemophilus
ducreyi is the most common
cause of genital ulcers in many
developing countries. Overall
prevalence is unknown, but in
one study over 600/0 of ulcers
were chancroidal and only 22%
were syphilitic. Men, especially if
uncircumcised, may be at greater
risk than women, but women's
infections may be harder to
detect. Trauma or abrasion may
facilitate transmission. Newborns
are unaffected.

Infected persons develop'many
shallow, small ulcers with ragged
edges. These ulcers bleed easily
and are more painful when they
occur on skin surfaces (as they
do in men) than when they occur
internally (more often in women).
In over 50% of infected men,
groin lymph nodes swell with pus,
becoming "buboes" that may
rupture to form large ulcers.

Complications include tissue
death in ulcerated areas, which
may require circumcision in some
men. Recent studies indicate
that chancroid ulcers may help
spread AIDS.

Infant with congenital syphilis.



Diagnosis

Laboratory diagnosis of STDs
requires testing through micros
copy, culture, serology, or immu
noassay technologies. Although
most rural health clinics currently
cannot perform laboratory diag
nosis, some recently developed
or adapted technologies are
making laboratory diagnosis in
the field more feasible. Where
these technologies remain
unavailable, however, health
workers can diagnose and treat
STDs effectively using a WHO
developed approach that relies
primarily upon clinical syndromes
and patient history.

Microscopy. Simple, fast, and
inexpensive, the microscopic
examination of specimens is one
of the few diagnostic methods
that many rural clinics can per
form. Microscopic diagnosis
requires a standard microscope,
slides, slide covers, and a few
commonly available reagents.

The most common microscopic
diagnostic method is the Gram
stain, which can identify eye and
male genital gonococcal infec
tions and distinguish gonococcal
from nongonococcal urethritis.
Methylene blue stain also can be
used. Giemsa stain, although not
always accurate, can detect chla
mydial eye infections.

Dark-field microscopy is used to
detect treponemes (spiral-shaped
organisms like those causing
syphilis). Dark-field microscope
condensers create dark back
grounds for viewing thin organ
isms. Commercial versions are
expensive. Standard microscope
condensers, however, may be
adapted using simple dark-field
stops to produce a dark back
ground. No dark-field can distin
guish Treponema pallidum from
other spiral organisms, so results
should be interpreted cautiously.
This method should be used only
when clinical evidence (usually a
chancre) strongly supports the
diagnosis of syphilis.

To construct the dark-field stops,
locate the condenser (below the
slide support table) and its circu
lar hole. Cut a piece of card
board (or dark paper that allows
no light to penetrate) that fits into
the hole but allows a thin rim of
light to come up around the
edges. Glue a same-sized piece
of clear glass or plastic to the
stop and place the stop into the
hole. A very bright light is critical,
and separate stops are required
for the 10x and 40x objectives.
(Stops cannot be made for the
100x oil immersion objective.)

Culture techniques. Culture
techniques can identify specific
organisms causing infection,
determine effective drugs for
treatment, and detect drug
resistant organisms. In most
rural locations, however, they
remain impractical.

Obtaining good specimens,
especially vaginal or cervical
specimens, may be technically or
socially difficult. Cultures require
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refrigeration for storage and
stable temperatures for organism
growth, and culture media may
be expensive or difficult to obtain.

Because cultures take time to
grow, patients must return later to
learn the results and receive the
appropriate drug treatment.
Some patients instead may treat
themselves immediately with
drugs purchased from local
pharmacies. These drugs may
be ineffective (particularly where
drug resistance is prevalent) or
taken in incomplete courses.

Also, a negative culture result
does not always mean the
disease is absent. For example,
if chlamydial infection has spread
from the cervix into the fallopian
tubes, cultures of cervical speci
mens may be negative, although
the disease is present.

Where cultures can be done, they
are used most often fordiagnos
ing gonorrhea in women, chan
croid, and penicillin-resistant gon
orrhea. Cultures for chlamydial
organisms require a special type
of medium that may be difficult to
obtain, and syphilis organisms
cannot be cultured.

Serology. Tests of blood sera
detect the body's own antibodies
to infecting organisms (antigens).
Of the four STDs discussed
above, serological testing is used
primarily to detect syphilis and
includes nontreponemal and tre
ponemal tests. Nontreponemal
tests detect antibody to cardio
lipin antigen, which is found in
conjunction with syphilis. These
tests are relatively fast, inexpen
sive, and easy to perform, and
therefore are effective tests for
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screening programs. Since non
treponemal tests can quantify
infection, they can be used to
monitor the progress of a treat
ment regimen.

The two most common non
treponemal tests are the Vene
real Disease Research Labora
tory (VORL) and the rapid plasma
reagin (RPR) tests. The VORL is
performed on a slide, while the
RPR uses a disposable card. In
In both cases, the antigen solu
tion is mixed with serum and
mechanically rotated for four
minutes. (~ome versions of the
RPR are rotated by hand.) The
VORL requires heated serum,
while the RPR uses unheated
serum or plasma. Clumping in
either test indicates a positive
result, but the VORL must be
read with a microscope while the
RPR can be evaluated with the
naked eye. The VORL is gener
ally less expensive.

The unheated serum reagin test
(USR) is like the VORL except
that the antigen solution is slightly
modified and the test does not
require heated sera. Modifying
the VORL antigen for this test IS
sinlple and can be done in central
or regional laboratories.

Technician taking a specimen.
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The morEr recently developed
TR UST card is identical to the
RPR except that red pigment in
the antigen indicates a positive
result. The antigen solution (the
same as that of the USR test)
uses fingerstick blood, is inex
pensive and simple to prepare,
and gives accurate .results that
are available at the time of the
visit. Using glass slides instead
of cards fu rther reduces costs.

Treponemal tests detect anti
body to the syphilis organism.
Equipment and reagents are
often expensive, and well-trained,
experienced personnel may be
needed to perform them. These
tests are therefore most appro
priate for intermediate or central
laboratories.

A significant obstacle to the use
of serological tests for STOs is
the collection and transport of
blood specimens. An experimen
tal technique using specific types
of filter paper to collect blood
samples offers one solution.
Blood from a finger prick is col
lected on two 12 mm-wide circles
drawn on a piece of filter paper,
which is then air-dried and ship
ped in slide boxes to a central
laboratory. Including a drying
agent, such as a silica gel packet,
in the box may improve the pre
servation of the sarrlples in wet or
humid conditions.

Upon arrival, specimens may be
analyzed immediately or frozen.
Several 5 mm circles punched
from the blood-soaked paper (or
the entire 12 rrlm circle) are
placed in 0.1 ml of absorbant to
soak at least 1 hour (preferably
overnight). After squeezing the
circles to remove remaining
blood, serial dilutions are
prepared.

Tests of blood collected this way
give accurate results up to eight
weeks after collection, although
heat and humidity may shorten
this time. Since types of filter
paper and other supplies and
local conditions may vary in dif
ferent locations, the filter paper
blood collection method (like any
new technology) must be tested
under the conditions in which it
will be used before it is implemen
ted widely. (See the Materials
Available section on page 12 for
an address where more. informa
tion on the TRUST and USR tests
and filter paper blood collection
method may be obtained.)

Immunoassays. Relatively new,
these techniques use specially
developed, marked molecules
that can detect even low levels of
antigen or antibody in sera or
smears. Although some of these
tests are commercially available
in developing countries, most are
too expensive and complicated
for general use. Research to sim
plify them for wider use in develo
ping countries is under way.

The ELISA (enzyme-linked immu
noassay) test mixes an enzyme
and antibody or antigen solution
with the specimen. The presence
of chlamydial or gonococcal anti
gen or AI OS antibody is indicated
by a color change. ELISA tests
usually are run on plates that
allow up to 96 tests to be run at
once, so ELISA tests are most
efficient for screening or testing
relatively large numbers of sam
ples. (Individual tests are being
developed by many companies.)

Immunofluorescence tests use
fluorescently marked antibody
solution to detect antigen.
Trained laboratory workers and a
special fluorescence microscope



are required to read the results.
Reagents must be refrigerated
and a correctly obtained speci
men is essential. In some devel
oping countries, like Brazil, immu
nofluorescence tests already are
used widely.

Agglutination testing is currently
the most appropriate immuno
assay method for many develop
ing countries. Antibody affixed to
small beads is mixed with the
specimen on a card or slide.
Visible clumping indicates anti
gen presence. Agglutination
tests require no refrigeration and
are simple to read, relatively inex
pensive, and well suited for indi
vidual tests. Technological
advances may allow several
developing countries to produce
the reagent (antibody-affixed
beads) in the near future.

Syndromic Approach. Although
laboratory diagnostic technolo
gies are becoming increasingly
suitable for use in developing
countries, most still remain
impractical for the majority of
rural health centers. Even with
out laboratory technologies, how
ever, health workers can diag
nose the most common STOs
using a method developed by the
World Health Organization called
the syndromic approach. (See
examples on page 6.)

The syndromic approach uses
standardized decision trees, or
protocols, to guide health workers
in diagnosing STOs based on
personal history and the pres
ence or absence of clinical syn
dromes (groups of symptoms).
The appropriate first-line treat
ment is dictated by the diagnosis.
If an initial treatment is unsuc
cessful, health workers make a
secondary diagnosis and provide

the corresponding second-line
treatment. Since several STOs
may cause similar syndromes (for
example, both gonorrhea and
chlamydia may cause pelvic pain
and vaginal discharge in women),
diagnosis should utilize any avail
able laboratory tests, and first-line
treatments also should be able to
cure the most severe and preva
lent diseases.

The syndromic approach gives
health workers a systematic way
to diagnose STOs when labora
tory support is unavailable (as is
often true for chlamydial infection)
and allows patients to begin treat
ment immediately. Standard
ized treatment regimens simplify
drug selection and can help con
trol drug resistance. Record
keeping that is required for the
syndromic approach also can
provide data on disease pat
terns, treatment efficacy, and
cost effectiveness.

Once syndromic protocols are
developed, however, they require
frequent and careful review if
they are to reflect quickly chang
ing disease patterns, such as
increasing drug resistance or
changing syndromes. The costs
involved in secondary treatments
for the patient and his or her con
tacts in the event of failure of the
primary treatment must be
weighed against the costs of lab
oratory diagnosis. A smoothly
operating record-keeping system,
which is difficult to maintain on a
large scale in most developing
countries, is essential for moni
toring individual diagnoses and
treatments.

Because the prevalence and
symptoms of STOs and the
availability of lab tests and drugs
vary extensively, syndromic
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protocols must be tailored to
match local conditions. Many
factors must be considered in
developing and monitoring syn
dromic protocols. This informa
tion may be obtained by examin
ing existing records or by con
ducting small field surveys. Any
newly developed or altered proto
col must be field tested before
being implemented.

The most important consideration
is how consistently the presence
of the selected diagnostic syn
drome correctly indicates that the
disease is present (sensitivity),
and how often its absence cor
rectly indicates that the disease is
not present (specificity). These
qualities may be measured by
comparing the diagnosis based
on the presence or absence of
the syndrome with the diagnosis
based on a highly accurate labo
ratory test.
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The Teardrop card, a version of the
RPR test.
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1. Urethral discharge (males)

Trace
contacts

Cured

/'
Discharge
absent Cured

/' ./'
Urethral -----. Gonorrhoea -----. After Discharge
discharge treatment 7 days . absent

~ /' ~ /'
Discharge .. Treatment for_--t"~ After
persists Chlamydia 7 days

~race/ ~
contacts Discharge

persists

~
Refer

2. Genital Ulcers
Cured

/'
ImprovedJI Cured

Syphilis / Jt
and chancroid----.After /
treatment 7 days Improved

/' ~ Continue /'
Worse----I.~ chancroid:"'---I.~After

treatment 7 days

~
Worse

~

Trace
contacts

Genital -----.
ulcer(s)

~

Refer

Sample protocols for the syndromic approach.

Syndromes with low sensitivity
can fail to identify someone who
is ill, delaying provision of proper
treatment. Those with low speci
ficity can give false diagnoses
that can result in unnecessary or
incorrect treatment.

Acceptable levels of sensitivity
and specificity must be deter
mined locally. These levels will

be affected by the seriousness of
the impacts of delayed treatment
and of incorrect or unnecessary
medication, and by the availability
of laboratory diagnostic testing.
Where microscopy can be per
formed, for example, a Gram
stain test can confirm or eliminate
the possibility of gonorrhea early
in the protocol for male urethral
discharge.

Finally, patients' health attitudes
and behaviors influence the pro
tocols. For example, if vaginal
examinations are not culturally
acceptable, protocols for females
must rely solely on the patient's
report ofdischarge or ulcer.
Where patients are not likely to
complete a two week drug regi
men, treatments should be limi
ted to drugs with short courses.
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Treatment

Drug resistance is a serious and
increasing problem in the treat
ment of STDs. particulariy gonor
rhea and chancroid. Resistant

If epidemiological treatment is
selected. several steps must be
taken before implementation. An
epidemiological study must con
firm high disease prevalence in
the selected group; the group
must accept the idea of mass
treatment; the chosen treatment
must be highly effective and
produce few side effects; rein
fection rates must be examined
to decide if or when repeat treat
ments will be necessary; and the
chosen strategy must be evalua
ted in a pilot study.

titutes. This strategy is rarely
recommended for STDs. primarily
because it can increase the pro
blem of drug resistance. It
should only be considered for
special groups like remote or
nomadic populations or the con
tacts of certain groups with STDs.

OV~~Tubes

Uterus 0
It'cerv,x

I
Vagina

Male and female reproductive organs.

Epidemiological treatment is the
mass treatment (without diagno
sis) of groups that may be at high
risk of disease or complications.
such as pregnant women or pros-

There are several approaches to
STD treatment. The syndromic
approach described in the diag
nosis section prescribes treat
ment with predetermined drug
regimens based on clinical signs
of disease. Because several dis
eases cause similar symptoms.
the first-line treatment should be
capable of curing diseases that
cause the most frequent. severe.
or costly complications. For
example. chancroid and syphilis
are equally prevalent in some
areas. Since the complications of
syphilis are more severe. the first
line treatment (if no diagnostic
tests are available) should be for
syphilis. Chancroid is often
painful. however. so chancroid
treatment should begin as soon
as it appears that syphilis therapy
has failed.

A variety of drugs are available
and many different strategies
may be used to treat STDs.
However. some STDs. particular
ly gonorrhea and chancroid. no
longer respond to drugs that for
merly were effective. and the
problem is growing. Selecting
appropriate drugs and treatment
strategies and slowing the growth
of drug resistance are the major
issues in STD treatment.

Ideally. drugs completely cure
single and preferably multiple
infections. have few side effects.
and are inexpensive and com
monly available. They also are
easy for health workers to admin
ister and patients to take and are
culturally acceptable. Few drugs
meet every criterion. For exam
ple. tetracycline can cure chlamy
dia and nonresistant gonorrhea.
causes few side effects. and is
inexpensive and available in most
countries but requires several
doses. Some newer drugs. like
ceftriaxone. cure gonorrhea and
chancroid with one dose and are
generally acceptable. Although
they are currently expensive.
once their costs decrease these
newer drugs may offer the best
option for STD programs. They
have few side effects and are
highly effective. safe in pregnan
cy. and easy to administer.
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Simple pictorial message from booklet promoting condom use and early
treatment.

Another way to slow the trans
mission of drug resistant STDs is
to treat all of a patient's contacts.
(Contact tracing is discussed
more fully on page 10 of the Pre
vention section.)

Drug resistance often develops or
worsens when treatment regi
mens are not completed, allowing
the hardiest organisms to survive
and replicate. Strong health edu
cation at the time of treatment
about the importance of complet
ing the full course of the drug is
essential. Follow-up visits to
patients' homes or intensive
questioning at return visits can
also improve compliance.

policies can help limit the number
and kinds of drugs available.
Even if drug supplies cannot be
controlled, national treatment
guidelines can be used to pro
mote consistent use of effective
doses of carefully selected drugs.
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The wide variety of drugs avail
able in many developing coun
tries contributes to drug resis
tance problems. National legis
lation instituting essential drugs

Regardless of the way in which
drug resistance develops, the
basic actions health workers may
take to slow growth of drug resis
tant STDs are the same. Limiting
the variety of drugs used against
a disease is a good way to limit
the opportunity for resistance to
develop against each of them.
The World Health Organization
recommends that, once a drug is
chosen, only that drug be used
as long as it can cure over 900/0
of cases. If resistance appears in .

.more than 10% of cases, a differ
ent drug should be advocated as
the first-line treatment. Monitor
ing treatment outcomes, as is
done where protocols are used,
facilitates early recognition of a
drug resistance problem.

Resistance to several drugs used
to treat these STDs has been
reported worldwide. Penicillin
resistant gonorrhea has become
extremely common, accounting,
for example, for over 30% of all
gonorrhea cases in Panama City.
Gonorrhea and chancroid strains
that are resistant to spectinomy
cin, tetracycline, kanamycin, and
chloramphenicol also have been
reported.

Drug resistance can develop
when a few disease organisms
that survive drug therapy repli
cate and spread. A common
strain of gonorrhea, for example,
produces penicillinase, an
enzyme that inactivates penicillin,
allowing it to survive penicillin
therapy. Evidence indicates that
drug resistance also may be
transferred from one disease to
another through an exchange of
genetic material, as is found
between gonorrhea and chan
croid. Some believe resistance to
one drug facilitates development
of resistance to other drugs.
(Penicillin and tetracycline resis
tance in gonorrhea may be linked
in this way.)

Drug resistance complicates drug
selection, particularly for mixed
infections where one or both of
the diseases is drug resistant.
For example, in an infection of
both chancroid and syphilis,
treating syphilis with penicillin
may be ineffective if the strain of
chancroid is one that produces
penicillinase. Successful treat
ment in this case may require that
chancroid be cured before treat
ment for syphilis begins.

strains reduce the value of prov
en drugs, complicate the selec
tion of effective treatments, and
often necessitate the use of more
powerful and expensive drugs.
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Prevention

Although they have not been
used widely, there are several
simple, inexpensive, and effective
activities and technologies for
preventing STDs. Appropriate
prevention efforts target STDs
that affect many people and have
frequent, severe complications.
Gonorrhea, sypl1ilis, and chla
mydia therefore are considered
high priority STDs for prevention
in most countries. Where AIDS is
present, chancroid also should be
a high priority.

If used properly I these prevention
activities and technologies can
reduce the incidence and severity
of the targeted STDs. Prevention
efforts reach the most people if
they are conducted by national
level control programs, but they
are valuable when applied by
health workers at any level.

One of the best ways to prevent
STD transmission is to provide
strong health education. At com
munity and individual levels,
health education should relay
information on STD symptoms
and complications, how SrDs are
spread, how to avoid them,
where to get treated, and the
importance of informing contacts.

Radio and cinema messages,
school education, posters and

other print materials, and com
munity presentations by local
health workers are good ways to
provide SrD information to large
groups of people. The most
appropriate medium will depend
upon the targeted groups and
available resources. If resou rces
are limited, some feel education
efforts should target only the
groups at highest risk. Where
medicines are widely available
without prescriptions, pharma
cists and storekeepers also
should be targeted.

Individual counselling at health
clinics can motivate patients to
complete treatment regimens,
contact their partners, and adopt
behaviors that reduce the risk of
acquiring and transmitting STDs.
Studies show that having mes
sages delivered by respected
persons and repeating them can
increase patient compliance.

Condoms, when used correctly
and throughout all sexual con
tact, can prevent genital or rectal
sro transmission. A condom's
effectiveness, however, greatly
depends upon its consistent and
correct use. Family planning and
fertility clinics should encourage
regular and correct use of con
doms to prevent the spread of
STDs.

Other contraceptives also may
affect STD transmission and the
severity of STD infection. Dia-.
phragms with spermicide may
reduce the risk of acquiring
STDs. Intrauterine device (IUD)
use increases the likelihood of
PIO (which is often related to
SrD infection), primarily during
the first three months after inser
tion. Contraceptive pills may

9

reduce the risk of gonococcal PIO
by causing formation of thick cer
vical mucus that may prevent
disease from spreading into the
uterus. The risk of chlamydial
infection, however, may be
increased in pill users. (These
findings have been questioned,
since pill use simply may make
chlamydia easier to detect.)

Preventing gonococcal and chla
mydial neonatal eye infection is
easy and inexpensive and shou Id
be a top priority. Crede's method
prevents gonococcal eye disease
by placing one drop of 1% silver
nitrate solution in each of a new
born's eyes.

Because silver nitrate sometimes
causes a slight, temporary chem
ical irritation, many countries
have discontinued its use. With
out these drops, however, up to
40% of infants of infected moth
ers acquire eye disease; with
them, only 2% are affected.
Erythromycin and tetracycline
ointments are effective without
causing irritation but are more
expensive.

Silver nitrate may be adminis
tered by hospital staff or by tradi
tional birth attendants. The solu
tion should be stored in small,
dark bottles to protect it from light
and evaporation, which can alter
the chemical and its concentra
tion, thereby increasing the possi
bility of eye irritation.

Chlamydial eye infection may be
prevented with erythromycin or
tetracycline ointment placed in
newborns' eyes immediately after
birth. Some studies have shown
silver nitrate to be partially effec
tive against chlamydia. Others
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Nigerian health education booklet on condoms.

Screening pregnant women for
syphilis is a highly recommended
and effective control strategy.
Although syphilis is not as prev
alent as other STDs (except in
Africa), its complications in this
risk group are particularly severe
and diagnosis can be done inex
pensively at rural clinics using an
RPR or TRUST card test. Since
Zambia instituted syphilis screen
ing for pregnant women in three
study centers, the incidence of
miscarriage, newborn death, and
congenital syphilis has decreased
by more than 50%. Costa Rica
reduced its syphilis problem with
a comprehensive program includ
ing screening, public education,
and national reporting of cases.

Several other countries are
beginning to address the serious
problem of STOs. Ethiopia is
planning to initiate a prenatal
screening program in Addis
Ababa, and the Central African
Republic has set up a system of
regional STO clinics.

Screening selected groups is a
cost-effective control measure if
the disease prevalence in the
group is high, the complications
of the disease are severe, and
the diagnostic test is not expen
sive. Screening is only effective if
it can detect a significant propor
tion of existing cases and those
cases were likely to be transmit
ted. Gonorrhea screening by cul
ture, for example, may only be
cost effective in groups such as
prostitutes. In Singapore, a pro
gram screening prostitutes for
gonorrhea and syphilis signifi
cantly lowered the incidence of
both diseases within one year.

atic men with repeat infections,
symptomatic men with first infec
tions, and groups at high risk for
infection (such as prostitutes).

Approaches to treating contacts
vary, but if laboratory diagnosis is
not feasible and the risk of STO
transmission is high every con
tact should be treated. Clinics
should set priorities for treating
contacts based upon area-speci
fic disease and complication
patterns.

Most places, however, should
consider treating any of the
following sub-groups in an order
consistent with local disease pat
terns and program targets:
symptomatic women, symptom-

conducted by health personnel or
others, is expensive and time
consuming. Informal contact
tracing relies upon the patient's
own motivation for informing part
ners but is inexpensive and takes
little staff time. Although formal
methods are more effective, infor
mal methods are more practical '
for health clinics with limited
budgets. Informal methods of
contact tracing include asking pa
tients to give referral cards to
their sexual contacts. Strong
health education efforts and indi
vidual counselling also help moti
vate patients to inform contacts.

Improving diagnostic and treat
ment techniques is another way
to reduce the spread of STOs.
More appropriate laboratory diag
nostics or standardized diagnosis
protocols for rural health clinics
will help health workers identify
STOs more accurately and at
earlier stages and correctly treat
patients before the disease has
spread to many others.

Treatment prevents sro spread
if drug regimens are completed
and if syringes and needles are
adequately sterilized between
injections. Patients receiving
injections to treat STOs may be
at risk of AIOS if syringes and
needles are not sterilized.

Finally, tracing and treating
patients' sexual contacts and
screening high risk groups are
very good ways to "reduce STD
spread. Formal contact tracing,
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suggest that none of these topical
drugs is very effective. Oral
erythromycin may be a better,
although more expensive, alter
native because it also is effective
against chlamydial ear, nose,
throat, and lung infections.
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Program Issues
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In addition to a thorough under
standing of the technologies, pro
gram managers should be aware
of the importance of two key
aspects of program implementa
tion-collection and use of epi
demiological data and training
and supervision of personnel.

Useful epidemiological data can
be derived from well kept records
or small field surveys. Examples
of valuable information include
the incidence and prevalence of
STOs and their complications
among specific groups, sensiti
vity and speci'ficity of diagnostic
syndromes and lab tests, num
ber and types of treatments
given, and treatment failures.

Present rates and trends over
time can guide decisions on
patient care and program
resource allocation. For exam
pie, syndromic protocol develop
ment and monitoring depends on
sensitivity and specificity meas
ures and the incidence and pre
valence of drug resistance.

Conclusions

STOs are prevalent worldwide
and their complications greatly
affect the health of men, women,
and infants. With AIDS calling
attention to the more general pro
blem of STOs, governments and
private organizations are begin
ning to address these serious
diseases.

Few diagnostic technologies are
feasible for use outside central
laboratories, but some tech
niques, like dark-field microsco
py, can be adapted for local use.

Changes in the sensitivity of a
given protocol (because of an
increased incidence of a new
disease not present in the area
when the protocol was first deve
loped, for example) may signal
the need for revisions. Identifying
priority groups for screening also
requires information about
disease incidence and preva
lence, the extent and severity of
complications in specific groups,
and the cost and effectiveness of
the screening test. Groups at risk
may vary from area to area, so
effective targeting of priority
groups for provision of services
depends on data that accurately
represents local disease patterns.

Program resource allocation and
impact evaluation also require
sound epidemiological data.
Knowing the number of cases
expected and the amount and
nature of treatment needed is
essential for program budgeting.
Measuring the program's ability to
meet its goals is an important
management function that calls

Where laboratory diagnostics are
unavailable, the syndromic
approach to diagnosis and treat
ment can be practical and
effective.

Many drugs are effective, but
they must be used correctly to
avoid drug resistance. National
treatment guidelines and essen
tial drugs lists can help slow the
spread of resistant STDs.

Health workers can take several
highly effective, low-cost steps to

for basic data collected routinely
and systematically. For example,
decreases in the rates of treat
ment failure or in the incidence of
congenital syphilis or gonococcal
eye disease among newborns
can be used as measures of a
control program's success.

Training at all levels is critical for
STO control programs. All health
workers must understand which
behaviors facilitate drug resis
tance and which hinder it. Where
syndromic protocols are used,
workers need thorough training to
be able to recognize consistently
the subtle signs of STOs and to
proceed through the protocols
accurately. Strong record-keep
ing skills are important for follow
up and appropriate use of
second- and third-line treatments.
Finally, health workers must
recognize the importance of sen
sitivity, patience, and follow-up in
counselling STD patients about
changing behaviors to reduce the
risk of reinfection and about
conta~t tracing.

prevent STDs. These include
health education efforts, promo
tion of condom use, antenatal
syphilis screening, and use of
silver nitrate in newborns' eyes.

Appropriate technologies for the
diagnosis, treatment, and preven
tion of STOs are available. Given
the feasibility of controlling STOs,
it is time for health program
managers to recognize the huge
impact of STOs and to give seri
ous consideration to the value of
programs for their control.
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Materials Available

Details on the TRUST and USR
serology diagnostic tests (includ
ing reagent preparation) and the
filter paper blood collection meth
od are available from: The WHO
Collaborating Center for Refer
ence and Research in Trepone
matoses, Building 1, Room 3329,
Centers for Disease Control,
Atlanta, GA 30333, USA.

D
WHO's Technical Report Series
number 736, WHO Expert Com
mittee on Venereal Diseases
and Treponematoses, discusses
the major STDs and STD control
methodologies. It costs US$ 5.40
for persons in developing coun
tries. Planning and operating STD
control strategies is covered in
Control of Sexually Transmitted
Diseases (US$ 4.20). Contact
regional WHO offices or write:
WHO, Distribution and Sales
Service, 1211 Geneva 27,
Switzerland.

Where There is No Doctor: A ,
Village Health Care Handbook
for Africa is written and illustra-
.ted specifically for Africa. New
topics include snake bites, stings,
guinea worm disease, skin pro
blems, and sickle cell disease.
Copies in French, Portuguese,
and many regional African lan
guages are available from
Teaching Aids at Low Cost
(TALC), P.O. Box 49, S1. Albans,
Hertfordshire AL1 4AX, England.

•
Mediterranean Medical and
Healthcare Resources, Ltd.
translates and adapts useful
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The syndromic approach is dis
cussed thoroughly in Simplified
Approaches for STD Control at
the PHC Level: Report of a
WHO Working Group (docu
ment number WHONDT 85-437).
Write: WHO, Programme of
Sexually Transmitted Diseases,
1211 Geneva 27, Switzerland.

D
Many laboratory diagnostic tech
niques (including the simple dark
field method) are described in
volumes I and II of Medical Lab
oratory Manual for Tropical
Countries, by Monica Chees
brough. For details, write to:
Tropical Health Technology, 14
Bevills Close, Doddington,
Cambridgeshire PE15 OTT,
England.

D
A bibliography on STDs is avaH
aqle from PATH.

books on primary health care
and development for use in
Arabic-speaking countries.
Books like Helping Mothers to
Breast Feed and Primary Child
Care are available from them at
P.O. Box 7163, Nicosia, Cyprus.

•
AHRTAG, the Appropriate Health
Resources and Technologies
Action Group Ltd., now publishes
a Spanish version of ARI News,
an international bulletin about
acute respiratory infections.
Write: Grupo CID, Noticias
sobre IRA, P.O. Box 39256,
Washington D.C. 20016, U.S.A.
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Technology Introduction:
The Safe Birth Example

Although giving birth is a natural
event in life, all women risk injury
and death during pregnancy,
labor, delivery, and the post-par
tum period. Many existing tech
nologies, if used appropriately
and widely, could substantially
decrease pregnancy-related
illness and death. (Two 1984
issues of DIRECTIONS reviewed
some of them.) Widespread and
effective use of these technolo
gies, however, particularly at the
primary care level, depends upon
carefully planned introduction
programs.

Most maternal deaths and injuries
are caused by pre-eclampsia
(toxemia), obstructed labor, infec
tion, hemorrhage, anemia, and
unsafe abortions. These risks
are up to 200 times higher for
women in developing countries
than in developed ,countries.
Death rates in some areas
exceed 1 in 100 pregnancies,
and for every death, another 15
women experience injLlry or ill
ness from pregnancy. Almost all
of these deaths and injuries are
preventable. Maternal deaths are
particularly devastating because
they affect women early in their
adult lives, depriving their families

Volume 8, NUlTlber 2

and society of their care and eco
nomic and social contributions.

Infants are also at risk. Up to half
of all infant deaths occur in the
first month of life and are mainly
due to birth injuries, tetanus, sex
ually transmitted infections, and
low birthweight (LBW).

In 1987, the World Health Organ
ization issued a resolution calling
for increased efforts to improve
maternal health. Officials attend
ing the Safe Motherhood Confer
ence in Kenya that same year
produced a Call to Action to stim
ulate activity at all levels to
address the tragedy of maternal
mortality and morbidity.

Because well planned introduc
tion programs are essential if
people are to benefit from new
birth-care technologies, this issue
of 01 RECTIONS includes a focus
on strategies for health technol
ogy introduction. It discusses
essential components in develop-
.ing a technology introduction
strategy, presents PATH's Safe
Birth Program as a case study
of the process, and offers an
update on pregnancy-related
technologies.
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Technology Introduction Process

Technology introduction is the
process by which a technology
(e.g., a scale, maternal record, or
supervision method) is field test
ed, refined, retested, and intro
duced into widespread use.
Technology introduction can be
formal or informal and carried out
by public or private groups.

Technology introduction pro
grams are often implemented by
groups, but people outside those
groups also can facilitate intro
duction of beneficial, appropriate
technologies or delay or prevent
adoption of harmful or inappro
priate technologies. Anyone
involved in technology introduc
tion must, therefore, understand
how people decide to adopt or
reject a technology, how to
design an appropriate technol
ogy introduction program, and
how the implementer influences
the type of approach.

Deciding to Adopt or Reject a
Technology

Decision-making processes may
seem quite variable, but in fact
potential users usually proceed
through five steps in deciding
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about a technology. (Several of
the steps, however, may occur at
once or out of sequence.) First,
the potential users learn about
the technology (through radio,
for example, or word of mouth);
then they form an opinion about
it based upon the new informa
tion. If possible, they try the
technology and then make a
tentative adoption or rejection
decision. If the decision is to
adopt, they use the technology
regularly and may modify it for
personal needs. Finally, periodic
reinforcement or confirmation of
the decision is sought, usually by
consulting friends, respected
elders, or health clinic staff. In
this last stage, even a technology
used for years may be rejected,
either because a better method is
found or because the users
become dissatis'fied with the
technology.

Speedier decisions to adopt are
made by people who are open to
new ideas or technologies, see a
need for the new method, and
live in social settings favoring its
use. Technologies that are sim
pie, supported by respected and
influential community members,
and able to be observed and tried
without great commitment or cost
(financial, psychological, or
social) are more easily adopted.

Designing Technology Intro
duction Programs

A new technology does not exist
alone. It is part of (and depends
upon) a whole network of people
and systems, each of which
reacts to changes in any of the
other network components. To
introduce a new technology

smoothly, implementers must
design a program that takes into
consideration the many ways that
the technology and the other net
work components may interact.

While many components of the
network affect and are affected
by technology introduction, some
playa larger role than others.
The most influential are the
users, the technology's charac
teristics, related policy issues,
logistical supports, and other
repercussions of introducing the
technology. (See box, page 3.)

These components should be
evaluated with both quantitative
(e.g., baseline numerical informa
tion) and qualitative (e.g., opin
ions and beliefs) data. Existing
service statistics or new, small
surveys provide quantitative data.
Existing anthropological research
or a series of focus group discus
sions (FGDs) yield qualitative
data. In FGDs, representative
members of a user group meet
with a facilitator to discuss their
beliefs and practices related to
the health problem and technol
ogy under consideration. (A pro
gram in Egypt, for example,
revised its policy of referring LBW
newborns to health clinics toone
of making home visits because
mothers were reluctant to take
young babies outside, where
spirits might harm them.)

Influence of the Implementer

Implementer characteristics (e.g.,
nationality, funding level, associa
tion with government) affect, to
varying degrees, the wayan
introduction program is designed.
The implementer's motive in
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activities. Donor preferences
often dictate the users targeted,
the technology selected, and the
logistics systems emphasized. In
these situations, the program that
is carried out may not be entirely
consistent with the implementer's
usual priorities.

Roles for People Outside the
Implementing Group

Persons not directly involved in
an introduction program can still
influence the process in several
ways. Education programs can
be developed to provide accurate
information about the technology
to the local users. Support sys
tems that can be influenced local
ly, such as supervision and
record-keeping, can be encour
aged and supported. For exam
ple, an outreach worker in a
malaria project who visits homes
in an area where traditional birth
attendants (TBAs) are 'field
testing home-based maternal
records could reinforce the impor
tance of record-keeping by ask
ing local TBAs to help him or her
identify pregnant women with
malaria (a factor included on
most maternal records). At
higher levels, a person can sug
gest new technologies to intro
duce, point out needed policy
changes, or devise creative solu
tions to logistical problems, such
as unreliable transportation
systems.

Whether or not these technology
introduction issues are formally
considered by implementers (or
those outside the implementing
group), they have a large influ
ence on the process. Health pro
gram managers who understand
these issues can make better
decisions in introducing appro
priate health care technologies.

sion, record-keeping, and evalua
tion are as important as distribu
tion systems.

Governmental groups may be
motivated by economic or politi
cal concerns, such as meeting
cost constraints or responding to
public pressures. These con
cerns may result in introduction
programs that target special user
~ubgroups or that keep the costs
of technologies and needed
logistical support to a minimum.

The motives of both nongovern
mental and governmental organi
zations are often influenced by
the priorities of international
donors, who fund many of their

+
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introducing the technology, for
example, strongly influences its
strategy design. Commercial
groups are primarily motivated by
profit, so they concentrate on
creating a product that appeals to
users who can afford it and on
ensuring reliable distribution
systems so the product is readily
available.

Nonprofit, nongovernmental
organizations (NGOs) also want a
product to appeal to targeted
users, but the users are often
those with the most need and not
always those most able to pay.
Logistics systems must ensure
both product availability and
effective use. Training, supervi-
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Case Study: PATH's Safe Birth Program

Because situational characteris
tics vary greatly, every appropri
ately developed introduction
program should be distinct.
PATH's Safe Birth Program is
presented as a case study of a
technology introduction program.

The Safe Birth Program's primary
objective is to improve maternal
and newborn health through the
use of appropriate technologies
at the primary care level. Equally
important is the goal of enhanc
ing local capacity for assessing
and introducing technologies
effectively.

Technologies related to pregnan
cy, delivery, and newborn care
are selected, field tested, refined,
and introduced into national pro
grams through the Safe Birth Pro
gram. Technology introduction
activities emphasize user involve
ment (usually TBAs) throughout
the process; identifying and refin
ing technologies that are techni
cally, culturally, and environmen
tally appropriate; and solid logisti
cal support systems. Each proj
ect begins with a needs assess
ment to identify local health prob
lems and technology gaps. Field
testing includes developing
pictorial instructional and data
collection materials. After field
testing, national recommenda-
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tions are developed for each
technology.

PATH's program began in 1984
and includes project sites in
Bangladesh, Malawi, the Yemen
Arab Republic, and Zambia.
While the projects in Malawi,
Yemen, and Zambia have been
conducted in collaboration with
Ministry of Health TBA training
programs, the Bangladesh proj
ect and a new project planned for
Sierra Leone both involve col
laboration with a local NGO. In
Bangladesh, where lise of TBAs
is not very widespread, the proj
ect will work directly with mothers
as well as TBAs.

Users. Every phase oftechnol
ogy introduction includes thor
ough consideration of the views
of local health personnel, TBAs,
and sometimes mothers them
selves concerning maternal and
newborn health problems and
health care needs. To under
stand users' perspectives, staff in
each project collect qualitative
and quantitative data. They most
commonly review existing data
from research studies or service
statistics, interview local experts,
conduct FGDs, and carry out
small surveys.

In the Malawi Safe Birth project, a
TBA SLi rvey was used to obtain
information on TBA practices and
perceptions of maternal heaUh
problems. In Zambia, FGDs
revealed that mothers would fear
bewitchment if asked to give
urine samples to a TBA in order
to diagnose protein in urine. The
mothers' fear was addressed by
altering the testing method so
that the mother holds the cup of
urine while the TBA dips the test

strip in and then disposes of the
urine herself.

Technologies. Three PATH
technologies, developed in
response to needs expressed in
the field, are currently being intro
duced through the Safe Birth Pro
gram. BI RTHweigh* is a hand
held, color-coded scale that
detects low birthweight (LBW) in
newborns. A window on the
scale handle shows some yellow
if the child weighs less than 2500
grams and only blue if the child
weighs more than 2500 grams.
(WHO considers 2500 grams to
be a useful international LBW
cut-off point.) The newborn is
weighed in a sling made of sturdy
cloth that bears a message or
image (selected by users) con
veying a sense of protection or
good health.

PATHstrips* are dipstrips to
detect proteinuria (an indicator of
pre-eclampsia and other prob
lems). The strips are dipped in
urine and turn from yellow to
green to blue with increasing
amounts of protein in urine.

Pictorial record-keeping and
referral cards are used by non- or
semiliterate TBAs to track ante
natal care and to decide if a preg
nant woman should be referred to
a health center. The illustrations
and record forms are created,
pretested, and refined in each
country based on user feedback.
Full user involvement in all stages
of developing the forms ensures
widespread comprehension and
uniform interpretation of informa
tion collected.

These technologies fit many of
the criteria mentioned earlier.



BIRTHweigh and PATHstrips, for
example, are effective, inexpen
sive, and easy to use. They are
culturally and politically accep
table, environmentally harmless,
and can be manufactured locally.
In fact, the Polytechnic Institute in
Malawi is"now a regional manu
facturer of BIRTHweigh, and
efforts are being made to identify
an African manufacturer for
transfer of the relatively simple
PATHstrips technology.

Absolute cost must be fairly low
for a technology to be considered
feasible for TBA use. BIRTH
weigh, for example, is about 1/3
the cost of the next least expen
sive child growth monitoring scale
and can be used for many years.
Cost-effectiveness of BIRTH
weigh, however, is uncertain
because other methods of
assessing risk in newborns are
not directly comparable. Health
benefits of scale use are not yet
well documented. Until now, the
scales have only been used in
small field studies and for limited
periods of time, and the value of
illnesses prevented or deaths
averted by early detection of
higher risk infants is difficult to
determine. (Two additional tech
nologies, the PATHtimer* for dis
infecting instruments and the
PATHweigh* electronic weighing
scale, may be tested in future
projects.)

Related Policy. Effective use of
these technologies requires that
several policy decisions be made.
BIRTHweigh, for example, is inef
fective without a policy indicating
what TBAs should do when they.
detect LBW. Should LBW babies
be referred to health clinics,
receive home visits from clinic
staff, or receive special care from

Malawian TBA using BIRTHweigh.

their mothers? If TBAs are asked
to record numbers of LBW
infants, how will the data be .
used?

Each project introducing BI RTH
weigh has addressed these ques
tions and several different poli
cies have resu Ited. In Zambia,
for example, TBAs refer LBW
newborns to the health center. In
Yemen, however, home-based
care is encouraged, and a picto
rial booklet illustrating home care
for LBW newborns is being devel
oped for TBAs to use with
mothers.

Effective use of pictorial records
and referral cards also requires
policy decisions. Where will
TBAs send women at high risk of
cornplicated delivery? What use
will records of antenatal care
serve? Will a change in services
be possible if information collect
ed from records indicates that
change is needed? For example,
will adequate facilities be availa
ble to care for the increased num
ber of high-risk women being
referred? (Policy-makers in
Malawi and Yemen may study
this issue by looking at changes

in referral rates for delivery
complications when referral card
systems are in use. Results can
guide resource allocation.)

Logistics. The Safe Birth Pro
gram emphasizes solid logistical
support for technology introduc
tion. Training, for example, con
sists primarily of hands-on exper
ience with BIRTHweigh, PATH
strips, and pictorial records rather
than lectu re-style classes. Local
artists produce pictorial instruc
tional booklets with drawings of
women dressed in local clothing
using the technologies. Once
TBAs have returned to their com
munities they can use these
booklets to recall correct use of
the technologies.

Consistent, effective supervision
is very irnportant in the Safe Birth
projects, especially for data gath
ering during field trials. It was
decided at the start, though, that
project needs must fit into exist
ing supervisory systems so that
artificial support systems are not
created. Structured supervision
guidelines used in Safe Birth field
trials help reinforce the impor
tance and standardize the con
tent of supervision. Supervisors
visit TBAs monthly, reviewing
TBA records and recording infor
nlation from the visits on specially
developed monitoring fornls. In
Malawi, pictorial referral cards,
which are sent with clients to the
health center and are then
returned to TBAs, are the basis
for feedback and supervision.

Maintenance and resupply issues
are addressed before national
introduction begins. In the ca~e

of BIRTHweigh, the scales have
proven so sturdy that the only
maintenance concern is

5

*BIRTHweigh™ and PATHstrips TM are trademarks and PATHweigh ® and PATHtimer ® are registered trademarks of
the Program for Appropriate Technology in Health.
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Two pages from PATHstrips training manual for TBAs in Yemen.

recalibration (estimated to be
needed once every four years).
Broken scales or orders for new
scales will eventually be handled
by Malawi's Polytechnic Institute,
one manufacturer of the scale.
Efforts are underway to provide
simple recalibration· equipment
and training to each project's
Ministry of Health. Those
Ministries must then develop
systems for bringing scales to the
recalibration center and returning
them to TBAs.

The importance of resupply is
well illustrated with dipsticks for
proteinu ria. No dipstick is reusa
ble, so regular delivery of dip
sticks is essential to ensure that
all pregnant women are tested.
In field trials, TBAs using PATH
strips referred women with pro
teinuria to health clinics. Clinics,
however, often had no dipsticks
to confirm the results because
the standard dipsticks are expen
sive and. require foreign
exchange for purchase. Local or
regional production should help
solve these problems. In
Bangladesh, commercially
available disposable delivery kits
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will be restocked through existing
commercial distribution systems.
Important questions that remain
to be answered there include who
will put the kits together, how
quality will be assured, and how
instructions will be given.

Other Repercussions. Because
the Safe Birth Program is rela
tively new, many of its effects are
not yet visible. Planning, imple
menting, and evaluating the field
trials, however, has helped
improve program management
skills, particularly concerning
technology introduction theory
and methods. Also, TBAs using
BIRTHweigh and PATHstrips in
Zambia's field trials found that
these technologies attracted
pregnant women, thereby
increasing TBA case loads and,
thus, the number of women
seeking help 'from trained TBAs.

Future effects of longer term use
of the technologies may be even
more striking.. Where pre
eclampsia is detected with PATH
strips, for example, basic com
munity attitudes may have to
change to allow for prescribed

bed rest (and, therefore, redis-'
tribution of household responsi
bilities) for pre-eclamptic women.

The Safe Birth Program is still in
progress and, although much has
been accomplished, a great deal
remains to be done. Ministries of
Health in Safe Birth project coun
tries now are capable of carrying
out systematic assessment of
new technologies and developing
accessory pictorial materials.
BIRTHweigh scales are manufac
tured now at low cost in Malawi
and will be introduced nationwide
in Malawi, Yemen, and Zambia
over the next two years. Field
trials of high risk guides are
beginning in Malawi and Yemen;
future plans include more com
plete mother's records and com
munity records. Further PATH
strips use is delayed untH health
center back-up supplies and
PATHstrips manufacture issues
are resolved. A commercially
available delivery kit for mothers
is being developed in Bangla
desh. Ultimately, the hope is to
develop models for and skills in
technology assessment and
introduction that are applicable
far beyond the original project.

BIRTHweigh technology transfer to
Malawi's Polytechnic Institute.
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An Update on Safe Birth Technologies

This section presents technolo
gies that are new or have been
revised since the 1984 issues of.
DIRECTIONS and that can be
used locally to improve antenatal,
delivery, or postpartum care.
Technologies covered in the
1984 issues are outlined in the
box on page 9.

Antenatal Care Technologies

Maternal Records-Maternal
records help TBAs identify and
refer high-risk women, promote
antenatal care, and improve
women's understanding of mater
nal health problems. They also
help managers supervise TBAs,
prioritize maternal health prob
lems, collect basic health statis
tics, and evaluate program
effects. Where TBA training pro
grams exist, TBAs can be taught.
to use pictorial forms to record
information, such as mothers'
pre-existing conditions and care
received during pregnancy.
Although TBAs may keep the
cards, mothers also keep cards
quite effectively, particularly if the
cards are easily understood by
them. When health clinic visits
are made, clinics may keep their
own records and a "reminder file"

that reminds staff when the
woman is due for follow-up.

Problems in use include not 'filling
in cards completely at the time of
the visit, needing a literate person
to help fill in or interpret nonpic
torial cards, and not understand
ing pictorial records. To avoid
these problems, TBA records
should be pictorial, pretested
locally, and short, containing only
the most critical risk factors.
Pretesting methods (such as
FGDs) are vital to help ensure
clear, relevant drawings. Plans
for using the data collected on
the records and for giving the
TBA or health worker feedback
should be made well in advance.

Risk factors tracked on the cards
must be based on local problems.
These might include maternal
height, fundal height, weight gain,
bleeding during pregnancy, blood
pressure and/or edema, protein
uria, anemia, STDs, malaria, and
other infections. Maternal history
should include number of previ
ous births, stillbirths, and early
infant deaths; age; and previous
Cesarean section and/or obstetric
complications. Cards may also
record antenatal care, such as
tetanus immunization, nutrition
education, and provision of iron,
folic acid, or antimalarials.

Records should indicate the need
for referral. Some cards assign a
numerical value to the presence
of each risk factor; a high total
score dictates referral. (Home
based records, however, should
not use these complex kinds of ,
scoring systems.) Others, for

• example in Malawi, color the
spaces where presence of risk
factors are checked so that any

woman with checks in the colored
spaces should be referred.

Anemia-Diagnosis remains diffi
cult in rural areas. Several differ
ent hemoglobinometers have
been developed, but none has
yet proven satisfactory in field
trials. Screening by examining
the tongue or inner eyelids for
paleness is less accurate than
blood tests but identifies most
women who are severely anemic.
Anemiometers (small charts with
three colors corresponding to
mild, moderate, and severe ane
mia) are compared with inner
eyelids. CH ETNA, an Indian
organization, developed plastic
coated cards with photos of nor
mal and anemic tongues to com
pare with mothers' tongues. (See
Materials Available, page 12.)

Women with anemia may need
iron and folic acid tablets to
regain normal iron levels during
pregnancy. Increased dietary
iron often is sufficient for women
with slight iron deficiency. Other
dietary practices are also impor
tant. For example, the tannin in
tea reduces iron absorption while
a diet rich in vitamin C enhances
iron absorption. Malaria and
hookworm infection also contrib
ute to anemia. Where these
infections are endemic, preven
tion (e.g., netting, repellent, home
spraying, chemoprophylaxis for
malaria; shoes or sandals for
hookworm) is important. Some
worm medicines are dangerous
for the fetus, so any potential
drug therapy for hookworm
should be thoroughly investigated
before it is given to pregnant
women. To treat malaria in preg
nancy, chloroquine phosphate is
safe but pyrimethamine (such as
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Fansidar or Maloprim) is risky
and should only be used when
other options are not available.
(Pyrimethamine shou Id never be
given prophylactically during
pregnancy.)

Maternal Stature-A strong.
consistent association exists
between short height and cepha
lopelvic disproportion (maternal
pelvis small for fetal head size).
or CPO. Stature can be deter
mined in several ways. For
example. a stick marked with an
appropriate cut-off height
(1.50 m, 1.48 m. or 1.45 mare
most common) can be used in
the field. while a mark drawn on a
wall is sufficient at the health
clinic. (In mud huts. if floors are
frequently remudded. the mark
must be remeasured periodically
to verify its accuracy.)

further study and should be
considered for use only after local
trials confirm a CPO association.

Maternal Weight Gain-During
pregnancy most women gain
weight in locally determined stan
dard increments. Weight gain
that differs from normal may
reflect problems in the preg
nancy. Beam balance scales are
reliable but are expensive and
bulky. Other scales can be diffi
cult to read and are usually not
accurate enough to detect small
weight increases. New electronic
scales. such as Salter's Electra
Thin. may solve some of these
problems, but current models
require batteries to run. PATH
weigh. a digital. solar-powered
scale in stand-on and hanging
models. is being refined and
should be available in 1989.

tance from the small of the back
around the largest part of uterus)
and symphysis-fundal height
(distance between top of uterus
and pubic bone) can be assessed
with tape measures or with string
with knots tied at points corre
sponding to the standard meas
urement for each month of preg
nancy. Symphysis-fundal height
can also be measured in finger
widths from the top of the uterus
to the pubic bone (two fingers per
month of pregnancy is average).
These measures are not useful
on a one-time basis unless
women can accu rately estimate
the length of gestation. Where
women are seen regularly.
though. the periodic measure
ments can be recorded on charts
that indicate appropriate gains
over time. These charts (gravido
grams) indicate need for referral.

Delivery Care Technologies

B. Guinea
Bissau

Where scales are unavailable.
measuring uterine growth. al
though less precise, may substi
tute for weighing mothers. Local
standards, however. must be
determined. Abdominal girth (dis-

C. Malawi

A. India

A substitute stature measure
under investigation is a maternal
foot box (if the foot does not ex
tend beyond the end of the open
ended box. the mother is at risk).
This measure. however. needs

Pre-eclampsla-Several tests
for detecting proteinuria (a pre
eclampsia indicator) exist, but
most are too expensive or
impractical for community use.
Edema of the ankles, hands. and
face is therefore commonly used
to diagnose pre-eclampsia.
(WHO studies show that edema
is only a good predictor of pre
eclampsia where overall preva
lence of pre-eclampsia is high.)
PATHstrips. an inexpensive dip
stick for detecting protein in urine.
have been used successfully by
TBAs in the field (described in the
Case Study). In some countries.
TBAs test urine by adding acetic
acid (or lemon juice), heating it.
and looking for cloudiness in the
urine; interpretation. however, is

(0_
~ difficuIt.
~o
Cl
tu
.~
0. Delivery Kits-Locally producede·'---- ----' ~ delivery kits are gaining favor in

developing countries. ResupplyExamples of edema symbols from maternal records.
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Safe Birth:

"PREGNANCY CARE" AND "SAFE BIRTH" ISSUES

Delivery kit contents: drugs, disinfecting equipment, specialized
instruments, and labor timers. Maternal records. Training and
educational support materials. Program management issues:
logistics, referral procedures, and training and supervision.

Pregnancy Care:

Basic antenatal care needs of all women: tetanus immunization;
education about nutrition, hygiene, and rest; and signs of potential
danger. Risk factor assessment: checklists and scoring systems.
Signs of immediate danger to pregnant women: eclampsia,
anemia, malaria, sexually transmitted diseases, and fetal growth
abnormalities. Management issues: setting intervention priorities,
developing local strategies, training and supervising workers,
maintaining records, and providing support materials.

massage are traditional skills of
local TBAs. Where these skills
are not traditional, however, the
tradeoff between the benefits of a
gently and skillfully performed
ECV andthe dangers of a
forceful, poorly performed ECV

- must be carefully considered
before initiating training.

Symphysiotomy (separating the
pubic bone at the central carti
lage to enlarge pelvic space for
vaginal delivery) is gaining
renewed interest for use in health
clinics and hospitals. It provides
an alternative to Cesarean
section for women with mild or
moderate CPO for whom squat
ting positions and adequate
hydration and nourishment do
not sufficiently widen the birth
canal. Blood transfusions are not
required, and subsequent deliv
eries can be vaginal without

- increased risk of uterine rupture.
However, skill, strict adherence to
procedure guidelines, and mater
nal nourishment are required for
good results. Bed rest for two or
three days and, in some cases,
binding the legs together for 48
hours after the procedure are

option at the local level for deal
ing with obstructed labor. Health
clinic staff in several African
countries use laborgraphs (or
partographs) to prevent pro
longed and obstructed labor and
delayed referral. The laborgraph
shows cervical dilatation on the
vertical axis and time on the hori
zontal axis. (Stages of the
descent of the baby's head are
also included in some labor
graphs.) Two vaginal exams are
required, the second performed
four hours after the first. If the
cervix has not dilated- at least 4
cm (1 cm per hour) the woman
should be referred. To avoid
infection, very clean hands or
gloves are critical. The ability to
monitor time is also essential.
(For WHO prototype laborgraphs,
see the Materials Available
section, page 12.)

External cephalic version (ECV),
the external, manual turning of a
breech or transverse fetus, may
be valuable in the antenatal
period to prevent obstructed labor
and avoid the dangers of Cesar
ean delivery, particularly where
ECV or regular external uterine

Disinfection-Delivery instru
ments should be disinfected by
placing them in boiling water for
20 minutes. Few TBAs, how
ever, can accurately determine
when 20 minutes have passed.
PATHtimer is a reusable, plastic
device that is placed in the water
along with the instruments and
turns blue-green when water has
boiled sufficiently to disinfect the
instruments.

Basic kits should contain items
for clean hands, clean cord care,
clean delivery surface, and neo
natal warmth. These items typi
cally are soap and nail-cleaning
sticks (clean hands); razor blade,
boiled and sun-dried cotton ties,
and cotton balls (clean cord
care); a plastic orcloth sheet
(clean delivery surface); and a
cloth towel or blanket (newborn
warmth). Exact contents depend
upon locanraditions and locally
available items. For example, a
woman's family may be expected
to provide a new razor blade as
part of the TBA fees; fresh
banana leaves or clean flour
sacks may be used for a clean
delivery surface.

Obstructed Labor-Unfortu
nately, referral remains the main

of expendable items must be
arranged, and kit contents should
be tailored to the users. Kits sold
to mothers, for example, should
contain only items needed for
normal home deliveries.

Because these items (or compa
rable substitutes) are generally
available, kits can be put
together locally by women's
organizations or by TBAs. They
may be distributed through health
clinics or commercial outlets
(pharmacies or stores) to TBAs
or directly to mothers.
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required for cartilage to mend.
Incorrectly performed procedures
may leave some women walking
with pain and a slight "waddle."

Postpartum Technologies

Hemorrhage-TBAs should refer
women hemorrhaging from
retained placenta or placental
'fragments immediately, before
the uterus completely contracts.
Midwives, however, may be
trained to remove the placenta
manually and administer anti
biotics to prevent infection. o

:::c
~

If the placenta has been removed
but the woman continues bleed
ing, several steps may be taken.
Irnmediate breastfeeding or man
ual stimulation of the mother's
nipples can cause uterine con
tractions. Administering oxytocin,
ergometrine, or some native
drugs, such as teas or bark (for
chewing), can be very effective.
(While health workers or mid
wives usually administer these
drugs, a program in Somalia suc
cessfully trained TBAs to give
ergometrine tablets, using speci
fic protocols, to women with or at
risk for post-partum hemorrhage.)
If bleeding continues, bi-manual
external uterine cornpression can
be performed. Bi-manual internal
compression should be the last
resort, because the risks of infec
tion and trauma are high.

Low birthweight (LBW)-Many
technologies can detect LBW, a
risk factor for newborn illness and
death. The BI RTHweigh scale for
newborns, an inexpensive color
coded device for TBAs, is
described in more detail in the
Case Study section. Hanging
spring scales can be marked with
colored tape, so that nonliterate
users can determine infants at
risk. Chest circumference is a

directions / 8:2 1988

Basic delivery kit contents.

valid birthweight substitute, but
cutoffs must be determined
locally. (Most, however, will be
around 29 or 30 cm.) Middle
upper-arm circumference, or
MUAC, is less useful because it
is difficuIt to measure accurately.
Although many groups use color
coded measuring tapes, an Indi
an group successfully assessed
MUAC by passing a bangle of 7.5
cm diameter (corresponding to
2000 g birthweight) up the arm. If ,
the bangle passed to the middle
arm without force, the child was
considered LBW. Use of new
born foot length, measured with a
foot box (similar to that for moth
ers) or from a foot print (suggest
ed cutoff around 6.5 cm), is still
undergoing research.

STDs-TBAs can give silver
nitrate drops to prevent gonococ
cal (and some chlamydial) eye
infection or' erythromycin or tetra
cycline ointment to prevent both
infections. Single-dose applica
tion systems (to ensure correct
concentrations and doses) under
development include PATH's pre
filled plastic device that is
squeezed to empty.

Newborn warmth-Heat regula
tion is inadequate in the first
month of life, particularly in pre
matu re or LBW infants, so a new
born's environment must provide
the necessary warmth. At birth,
babies should be wiped dry, not
washed, and then wrapped in
blankets. Putting on warm hats,
holding newborns close to the
body, and keeping them out of
breezes also help. Carrying pre
mature or LBW infants in an
upright position under the
mother's clothes against her

,chest is an excellent way to
n1aintain warmth.

Contraception-Women who
have just delivered (particularly
those for whom another preg
nancy is dangerous) should be
encouraged to breastfeed and to
use contraceptives to space or
prevent subsequent births. Com
bined estrogen-progestin pills
may inhibit breast milk formation
and generally should not be used
by nursing mothers. Progestin
only pills, injectables, IUDs, and
sterilization do not affect milk
supply and are suitable for
postpartunl use.



hospitals in emergencies. In
some areas, two-way radios can
be used to get advice or call for
assistance. Even homing
pigeons can be trained to fly to
health clinics with emergency
messages strapped to their feet.

~ Where clinics have vehicles, a
.s::.
o runner can go to the clinic to
~ request that the vehicle pick up
ill the woman, who may also need

J
~ to be carried to the road. A flag
.c
6 can be placed at the road to stop
:c passing vehicles to transport
~ women to the clinic or hospital.

Hats help keep babies warm.

Management Technologies

Referral Systems-Manysys
terns exist for referring women to
clinics. TBAs may be given dif
ferent colored referral slips to
send with women. (Color -repre
sents reason for referral.) More
durable, locally available devices
also could be used (e.g., pieces
of plastic or metal). In the Sudan,
runners are sent to health clinics
with colored tokens (red for hem
orrhage, green for labor delay,
and white for malpresentation);
clinic staff then bring appropriate
supplies to the village. Home
based maternal records could
replace these devices and pro
vide more information to clinic
staff. Alternatively, a nurse might
visit periodically to see women
selected by the TBA.

Transportation-The great dis
tance between most women's
homes and health clinics is a
problem when"deliveries become
complicated and outside assis
tance is required. Manycommu
nities have developed "ambu
lance" systems consisting of
strong men who can transport
women (or others) on their backs
or on stretchers to clinics or

Some communities have built
waiting centers, small buildings
near the clinic or hospital where
pregnant women at high risk of
cornplications can stay with a
family mernber or TBA shortly
before expected delivery. Many
centers also provide daily or
weekly examinations.

Supervision-The quality of
supervisory visits is more irnpor
tant than the quantity. Nonethe
less, the first visit should

Conclusions

Pregnancy and delivery are criti
cal and potentially dangerou~

times in the lives of women and
their ~amilies. The vast majority
of births occur at the primary care
level of the health system. Cor
rectly used appropriate technolo
gies could greatly reduce risks to
mothers and their newborns.

Health program managers who
understand the technology
assessment and introduction
process are better able to deter
mine which technologies fit local
needs and how best to "encour
age their appropriate use. Based

11

generally be within a month after
a new technology has been
introduced or training has been
given, with later visits spaced
further apart. Both individual
visits and group meetings can be
used for supervision. If super
visors cannot travel to the users'
sites, users may be invited to
clinics. Visits can also occur
when new supplies (such as
delivery kit contents) are needed.

Before visits, supervisors should
review program objectives; previ
ous supervision notes, and
potential obstacles to effective
use that may be encountered and
make a checklist of things to
observe and ask. For example,
during visits supervisors should:
observe the TBA using (or dem
onstrating use of) the technology,
ask what is done in the event of
malfunction or if a diagnosis
requires action, inspect the tech
nology for disrepair, review TBA
records, meet with other users
and local leaders, solicit feed
back, and give in-service training.

on PATH's experience in the Safe
Birth Program, active participation
of the users in the entire process,
systematic field testing of the
technology, and careful attention
to how the technology interacts
with health care and social sys
tems yield the best results.

TBAs, health workers, and moth
ers recognize the urgent need for
safer pregnancies and births.
Innovative technologies and pro
cedures and new ways of using
existing technologies are tools
that can help them make these
essential improvements.
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Materials Available

On Being In Charge: A guide
for middle-level manage.ment In
primary health care is an
excellent resource book with
practical techniques and sugges
tions for improved management.
It is available to developing coun
tries at reduced rates from WHO
Regional Offices or WHO, Dis
tribution and Sales Service, 1211
Geneva 27, SWITZERLAND.

II

A bibliography on technology
introduction and safe birth
technologies is available from
PATH.

available in French. It is, how
ever, available in Porluguese and
English from TALC (address
above).

D

guidelines for local adaptation
and a revised version of Essen
'lial Obstetric Functions at the
First Referral Level will be ready
in 1989. Write to: MCH Unit,
WHO, 1211 Geneva 27,
SWITZERLAND.

D

The "Anemia and Women's
Health Kit" includes plastic
coated anemia detection cards, a
training manual, posters, and a
flip chart. For price information,
write: CHETNA, Drive-in Cinema
Building, 2nd Floor, Thaltej Road,
Ahmedabad-038 054, INDIA
(Telex: 121618 RASA IN).

II

Management of Obstetric
Emergencies In a Health
Centre, by Dr. B. Essex, is an
excellent manual for midwives
that outlines the management of
15 obstetric problems and
answers practical questions. For
information, write: Churchill
Livingstone, Robert Stevenson
House, 1-3 Baxter's Place,Leith
Walk, Edinburgh EH1 3AF, U.K.

D
The Maternal and Child Health
Unit of the World Health Organi
zation has several good publica
tions that are free to developing
countries. Guidelines for Intro
ducing Simple Delivery Kits at
the Community Level (MCHI
87.4) outlines steps for' producing
and introducing delivery kits. A
manual on laborgraph use is also
available. A prototype home
based maternal record card with

Where There Is No Doctor: A
Village Health Care Handbook
for Africa, listed in the last issue
of DIRECTIONS, is NOT

Practical suggestions for com
munity involvement in program
evaluation are contained in
Panners In Evaluation: Evalu
ating development and com
munity programmes with panl
cipants, by Marie-Therese
Feuerstein. Write: Teaching
Aids at Low Cost (TALC), P.O.
Box 49, St. Albans, Hertfordshire,
AL1 4AX, U.K. (Cost: £1.50.)
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Skin Diseases
Skin diseases are among the
most common health problems in
every COLI ntry in the world. How
ever, the most disfiguring and
disabling skin diseases (infec
tions caused by bacteria, fung}, or"
parasites) are more common and
severe in tropical climates, partic
ularly among young children and
people in poor living conditions.
Community studies in Peru,
Chad, and Afghanistan, for
example, show that skin disease
prevalence rates approaching
800/0 are not uncommon.- Studies
in Botswana and Tanzania show
that up to 60% of health clinic
visits are skin disease related.

Skin infections may develop pro
gressively or appear suddenly.
Some begin where insect bites,

Diagnosis

Volume 8, Number 3

small cuts, or other skin surface
breaks occur and progress to
pus-filled infections or open
ulcers. Others develop from
parasitic lesions that are
scratched open or from fungal
infections that cause deep tissue
destruction. Some bacterial
infecHons lead to severe systemic
infection, such as blood poison
ing and heart and kidney disease.

People with skin diseases often
suffer not only physical discom
fort but also the social embar
rassment of having diseases that
are stigmas in many cultures.
Even diseases that occur on
unexposed skin surfaces can
cause the patient embarrassment
when health care workers must
examine the lesions.

Treatment

ISSN: 0730·8620

The vast problem of skin dis
eases, however, can be ad
dressed economically and effec
tively with existing appropriate
technologies. For example,
village health workers can be
trained to recognize skin infec
tionsandtreat them with inex
pensive, locally available drugs.

Skin infections receive relatively
little attention in developing coun
tries and among international
agencies. This is despite the fact
that skin infections are widely
prevalent, can have serious phy
sical and social effects, and are
simple and inexpensive to diag
nose, treat, and prevent. This
issue.of DIRECTIONS .explores
technologies available to address
the problem of skin diseases.

Prevention

1988
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Diagnosis

Most skin diseases can be diag
nosed without laboratory tests
simply by conducting a careful
visual examination of the skin
surfaces and lesions. Where
observation is insufficient for
diagnosis, however, laboratory
testing using microscopy or cul
ture often provides enough infor
mation for treatment decisions.

Observation

The physical appearance of the
lesion can provide valuable infor
mation to the examiner. Where
other technologies are unavail
able, physical appearance may
be the only information the exam
iner has for diagnosing and treat
ing the infection.

should the primary treatment fail.
Protocols are developed based
on the epidemiological distribu
tion of specific diseases within a
given geographic area, so they
should be adapted for each area
in which they are used. (See
sample protocol, page 4.)

Whether or not a syndromic pro
tocol is used, the initial examina
tion of a patient should be thor
ough and methodical and should
be carried out in good light to
avoid overlooking subtle but
important symptoms on the skin
surface. Specialized training for
health workers who conduct such
examinations is essential. Effec
tive training utilizes observation of
actual patients and good color
photos of common skin diseases.

To diagnose a skin disease by
observation, health workers
should try to obtain answers to
the following questions:
1) Where are the lesions?
Impetigo most commonly occurs
on the face, but scabies is rarely
found 'there.
2) How big are the lesions and
how many are there? Many
small lesions suggest scabies;
few bigger lesions suggest
ringworm.

3) Are the lesions symmetri
cal? Scabies lesions appear in
similar patterns on the right and
left sides of the body; impetigo is
different on each side.
4) What shape are the lesions?
Most are round, but a few, such
as some types of fungal scalp
infections, are irregular.
S) What color are the lesions?
Most are reddish or darker than
surrounding skin. Some ring
worm lesions, though, are lighter
than the surrounding skin.
6) Are the lesions flat or
raised, solid or fluid-filled?
Lesions often change from one
type to another. For example,
boils may be raised and Huid
filled at first but become flat when
pus drains out.
7) Are the lesions dry or wet?
Impetigo is wet beneath the
crusts; fungal· infections are
usually dry.
8) How do the lesions' borders
appear? Borders of impetigo are
flat; those of some chronic ulcers
may be hardened and cord-like. r

9) Do the lesions itch? Lice,
and scabies itch terribly, espe
ciallyat night; boils don't itch.
10) How fast have the lesions
developed? Impetigo develops
within a few days; fungus infec
tions may take weeks. ,

3

A good method for guiding health
workers in diagnosis and for stan
dardizing treatment is to develop
a national or district level "syndro
mic protocol" for skin diseases,
similar to that advocated for sexu
ally transmitted diseases (see
DIRECTIONS, vol. 8, no. 1). In
syndromic protocols, treatment
choices are made based upon
the presence or absence of cer
tain key symptoms. Secondary
treatments are given for use

IFTHE SKIN AND LOOKS YOU MAY:
HAS: LIKE: HAVE:

,.~ ,

~
,

.,'
oe ":••."\ '.":"=':" Tiny bumps or sores with much

itching-first between fingers. on r. 0: scabies
the wrists. or the waist. ""'. l:

small or ~
pimple-like
sores

~
Pimples or sores with pus or
inflammation. often from ..... infection.... scratching insect bites. May cause - -:~., ~ .. ' '" from bacteria

:.~~ swollen lymph nodes. ~.~.. ..~.
::~r

\~. 7a Irregular. spreading sores

i;~~
impetigo
(bacterial

\~~C
with shiny. yellow crusts. infectionI

I~:':'

Sample guide for identifying skin diseases by observation.
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For most diseases, answers to
these questions provide a fairly
accurate diagnosis, particularly if
comparison with photographs is
possible. For some fungal dis
eases, diagnosis by observation
can be improved with the use of
Wood's light. Wood's light is a
hand-held tool that produces
ultraviolet light rays which, when
held over affected areas in a dark
room, cause the lesions of some
diseases to 'fluoresce specific
colors.

For example, the fungi causing
dry patch scalp infections can be
distingu ished with Wood's light.
Those causing few, large, round
patches fluoresce pale green
under Wood's light, whereas
favus fluoresces dull green, and
fungi that cause many, small,
irregular patches do not fluoresce
at all. Unfortunately, Wood's light
requires electricity or batteries
and is generally too expensive for
use in peripheral health units.

With lice, the actual parasite or its
eggs are visible to the naked eye.
Clothing and the affected body
parts should be searched thor
oughly for the lice or nits, either of
which confirms lice infestation.

Laboratory Diagnosis

When observation does not pro
vide a diagnosis and where diag
nosis by microscope or culture is
possible, skin specimens from the
affected areas shouId be exam
ined to determine the infecting
organism. Skin specimens, how-'
ever, must be obtained carefully
to maximize the chances of
detecting the organism. For,
example, the crusts of sores that
may be impe'Ugo should be
soaked off (without antiseptics)
and a sample swabbed from the
Huid below the crusts. The top of
a boil or abscess shou Id be
cleaned carefully with alcohol or
iodine, if possible, and cut open
with a sterile scalpel or razor

blade; pus should be removed
with a swab.

The surface of a suspected sca
bies burrow that is not scratched
open should be scraped with a
plastic knife, sterile scalpel. or
razor blade to remove the top
skin without drawing blood. This
is done to pick up the mite or
fecal pellets (scybala), either of
which is diagnostic of scabies.' A
drop of mineral oil on the scalpel
and burrow can improve results.

The active portions of suspected
fungal lesions (usually the edges
of 'flat lesions or the tops of
bump-like lesions) should be
scraped with a blu,?t plastic knife
or scalpel held at a right angle to
the skin surface. Fungal speci
mens that must be transported to
a central laboratory should be
collected on a piece of paper
(dark paper is better) that is then
folded and secured. Ringworm
spores do not dry out easily. and

Bacterial Infections

Symptoms ---.. Refer
persist

Potential treatments (deteonined locally);o Clean skin surfaces; apply compresses and/or
commercial creams or ointments.

® Penicillin.

© Erythromycin. sulphadimidine. or semi-synthetic
penicillin.

~Cur,e
No sign of Treat with ~
spreading.-.. topical drugs ~'

.JI infection and nondrug ~
/ therapies Symptoms

Inflamed 'i::' persist
pus-filled or \::;J
fluid-filled' ./
lesions ~ _
~ Signs of Treat systemically ~ Cure

spreading ..-.. for streptococcal "
infection inf~n ~

® Symptoms
persist

'\.. Cure

'" Treat for /
staphylococcal
infection
(penicillin-resistant)

t @

Sample syndromic protocol for bacterial infections.
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this method helps avoid 'the
excess humidity and bacterial
growth that transport in a screw
cap bottle can promote. Spores
kept dry in folded paper can sur
vive several weeks or longer.

Microscopy. Microscopic exam
ination is often used to confirm a
preliminary diagnosis based on
observation. Bacterial infections
usually can be detected micro
scopically with a simple Gram
stain~ Staphylococcal and strep
tococcal organisms, however,
sometimes appear too similar to
distinguish, even when the Gram
stain is repeated several times. If
definitive differentiation is impor
tant, the organism first must be
isolated on a culture. The growth
is then scraped from the culture
medium with a wooden stick or
glass rod and placed in a test
tube with hydrogen peroxide.
Staphylococcal organisms cause

- the hydrogen peroxide to bubble,
while streptococcal organisms do
not. False positive results may
occur if the hydrogen peroxide is
not shaken first to remove dis
solved oxygen, or if nichrome
wire loops are used to scrape the
growth from the culture..

Superficial, candidal, and deep
. fungal infections can be diag

nosed microscopically by placing
. scrapings taken from the edges
of expanding lesions or tops of
small, blister-like lesions on a
slide with 20% potassium hydrox
ide. Gentle warming facilitates
dissolving of nonfungal parts of
the specimen so that the hyphae
(branching filaments) and some
times 'the spores of the 'fungi
become visible. Low microscope
light should be used.

The scabies mite is readily identi
fied 'from-skin scrapings viewed
under low magnification. Clusters

of fecal pellets are better seen
under higher magni'fication.

The scabies mite may.also be
identified by the "plastic box"
method. Skin scrapings are
placed in a dark colored plastic
box or petri dish and left at room
temperature for 12 to 24 hours.
The mites separate from the
scrapings, dropping to the bottom
of the box or dish. They can be
seen through a low power (9x)
magnifying glass or a dissecting
microscope as slowly moving
white spots.

Finally, where centrifuges are
available, the skin scrapings may
be -mixed in a beaker or small test
tube with 10% potassium hydrox
ide and heated gently. The
warmed mixture is then added to
a saturated sugar solution in a
centrifuge tube and spun. The
surface solution that results is
examined on a slide under a
microscope. This method yields
particularly good results because
it concentrates the mites and
eggs from the sp~cimen in the
top portion of solution.

Culture. The most definitive
means of diagnosing both bacter
ial and fungal infections is by cul
ture. Unfortunately, diagnosis
with cultures requires regular
supplies of cultufe media, electri
city and ovens or incubators for
growing cultures at constant tem
peratures, and sterile and heat
stable transport media. Trained
technicians and reliable follow-up
systems to ensure that results are
incorporated into the treafment
strategy are also essential. In
some areas, for example, con
tacting a patient three weeks
after a specimen is taken may be
difficult, so health workers usually
treat the patient irnmediately and
give instructions to return for a

5

secondary treatment if the dis
ease persists.

Where cultures are possible,
however, they are useful for both
bacterial and fungal infections.
For bacterial infections, they can
be used to differentiate staphylo
coccal from streptococcal infec
tions as well as to determine
which antibiotic will be most
effective against the specific
infecting organism. Virtually any
of the common media will grow
the staphylococcal organism,
while blood-, serum-, or glucose
rich media work best for strepto
coccal organisms.

The exact organism responsible
for a ringworm infection can be
identified by its characteristic
appearance when grown in corn
meal agar, Sabouraud's dextrose
agar, or a malt extract agar with
cycloheximide and chloramphen
icol added. For detecting candi
diasis organisms, Sabouraud's
dextrose agar is preferred. While
some fungi grow immediately,
others take up to four weeks, so
cultures with no growth can only
be considered negative after that
length of time.
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Treatment

halt a bucket
atwater

Making permanganate solution.

Superficial fungal infections often
can be treated exclusively with
topical preparations, although
stubborn cases may require sys
temic drugs. Commercial
creams, lotions, and ointments
that contain ketoconazole, clotri
mazole, tolnaftate, or miconazole
are effective. Clotrimazole lotion
'that includes a corticosteroid to
reduce inflammation and itching
may be particularly soothing for
the patient. Unfortunately, many
of these newer drugs are either
unavailable or too expensive for
widespread use.

part potassium permanganate
per 5,000-10,000 parts water).
Most of these will be relatively
inexpensive and generally avail
able. The latter two, however,
leave a temporary purple stain on
the skin.

Potassium
Permanganate
Solution

~..~,~:,:::,"g..~ \
/permanganate__..-,__

Other preparations, such as Whit
field's ointment (benzoic and sali
cylic ointment) and Castellani
paint (a liquid in magenta or clear
forms), are equally effective,

~

~
:Q

t5
~
~

.~
I.- ----'Q...

and with district, regional, and
national level institutions that
monitor drug resistance. Data
from good records can help slow
further development of resistance
and reduce wasteful useof
ineffective drugs.

Topical Treatments

Bacterial, fungal, and parasitic
infections can be treated entirely
or in part with medicated oint
ments, creams, lotions, or sham
poos. The major rules of topical
therapy are: 1) If the lesion is
wet, treat it with a wet dressing; if
'the lesion is dry, treat it with a
salve or ointment; if the lesion
itches, oozes, or stings, treat it
with cold compresses; if the
lesion is hot, elevate it and treat it
with hot compresses; 2) Skin
lesion types can change quickly-
change the treatment with the
lesion; 3) Begin with the least
potent therapy and work up as
needed; and 4) Give careful
instructions to the patient.

Minor bacterial infections may be
treated solely with commercially
available or locally made topical
medications, while more severe
infections usually require sys
temic antibiotics or a combination
of topical and systemic therapies.
Because many bacterial infec
'lions are staphylococcal, how
ever, penicillin-based ointments
should be avoided.

Appropriate commercial drugs for
topical treatment of bacterial .
infections include neomycin, baci
tracin, triple antibiotic (generic
form of Polysporin and Neo
sporin), Betadine (povidone
iodine), gentian violet, and potas
sium permanganate solution (one

Drug Resistance

Treatment of skin diseases may
involve topical ointments,
creams, or lotions (some can be
made locally); systemic drugs; or
simple, nondrug therapies. Sev
eral drugs are available for treat
ment, but the widespread lack of
diagnostic equipment makes
selecting the correct drug difficult.
Inappropriate drugs can allow fur
ther growth of the infection, leave
substantial scars, and contribute
to drug resistance, a large prob
lem with some diseases.

Where possible, health workers
should monitor drug resistance in
their areas and share that infor
mation with their fellow workers

Selecting drugs for treating bac
terial skin infections is difficult
because in many areas Staphylo
coccus aureus has acquired
resistance to penicillin. and other
drugs. Treatment, therefore,
must be determined with careful
consideration of local resistance
patterns. Where penicillin resis
tance is prevalent, patients with
bacterial infections should be
treated cautiously and monitored
closely.
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Applying lindane with a lemon to treat scabies.

prescribed time, usually about
one-half hour.

Systemic Treatments

Head or pubic lice are also
treatedwith lindane in shampoo,
lotion, or cream forms. Nits can
be combed out after lindane
treatment or removed by soaking
the hair in hot vinegar water for
30 minutes and then combing.
Body lice, however, live on cloth
ing, so treatment must include
thoroughly cleaning clothes and
bedding. If nits are present on
body hair, lindane may be used.

Other commercial scabies drugs
include concentrated benzyl ben
zoate lotion that is diluted to one'
part per 19 parts water. Alterna
tively, one part sulfur can be
mixed with 20 parts lard or rub
bing oil. Where children tradi
tionally are rubbed with oil, one
part monosulfiram in spirit can be
added to 20 parts rubbing oil and
given to mothers to apply.

Oral or injectable medication is
generally reserved for spreading
bacterial infections or severe fun-

Unfortunately, lindane can have
serious side effects on the central
nervous system, so it must be
used conservatively. No more
than one application per week
should be given; pregnant
women should receive no more
than two treatments during preg
nancy; and infants, older people,
and physiologically compromised
individuals should be treated with
other medicines, such as crotami
ton (e.g., Eurax), if possible. For
lice infestations of the scalp, lin
dane should only be used in
dilute, shampoo formulations and
should be washed completely
from all skin surfaces after the

ted lindane for treating cattle or'-
sheep is available, health clinic
staff can make topical treatments
that are equally effective and less
cos'Uy than commercial solutions
for people. For example, one
part lindane can be mixed with 15
parts petroleum jelly, warmed
slightly, and applied as usual.
Alternatively, four drops of lin
dane can be placed on half a
lemon and then rubbed over the
body, starting with the most
affected areas.
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Because scabies is a disease
that often infects whole families,
and because symptoms may be
mild or absent for the first month
the first time it is acquired, many
experts recommend treating the
whole family simultaneously.
Many also recommend that sca
bies treatments extend to all
sexual contacts as well.

more commonly available, and
less costly. Tincture of merthio
late with 30/0 salicylic acid is also
use'ful, especially for candidal
infections. Acute stages of fun
gal infections of the groin, foot, or
arm pit may be treated with wet
dressings of potassium perman
ganate (1:10,000) or silver nitrate
solution (1 :400) twice daily.
Sulfur mixed with vinegar in a
1:20 solution or mixed with lard in
a 1:1 0 ratio can also be used to
treat superficial fungal infections.

Effective scabies treatment
requires both topical application
of lotion, cream, or shampoo that
contains lindane (gamma ben
zene hexachloride) or benzyl
benzoate and thorough cleaning
of clo'thes and bedding, as
described on page 9. Approxi
mately 30 grams of the selected
drug are required for one adult to
be treated once. (Children are
given one-half the adult dose.)
The entire body, except the head,
should be covered with a thin film
that is left on overnight. Repeat
treatment one week later may be
necessary. Even if the treatment
has eradicated all parasites, itch
ing may continue. If possible,
corticosteroid ointment or oral
antihistamines may be given to
relieve these symptoms.

Commercially available lindane
solutions (such as Kwell) effec
'lively kill the scabies mite and
relieve itching. Where concentra-

\
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gal infections. Because people
often wait until their infections
have become painful, noticeably
unattractive, or somewhat disa
bling before seeking medical
care, systemic medication is fre
quently indicated.

Bacterial infections in particular
become painful and pus-filled
and, if the infection is streptococ
cal, may progress to more seri- .
ous disease. When diagnostics
are unavailable for distinguishing
between staphylococcal and
streptococcal infection, health
workers should treat the infection
as if it is streptococcal first
because the complications of
streptococcal infections can be
more severe.

The treatment of choice is usually
intramuscular or oral penicillin.
For patients with systemic dis
ease, it is especially critical to
begin intramuscular penicillin
immediately. Severe cases may
require intravenous penicillin. If
penicillin is ineffective, treat with
a non-penicillin drug, such as
sulphadimidine, erythromycin, or
a semisynthetic penicillin (e.g.,
oxacillin, methicillin), as the infec
tion may be staphylococcal.

For most fungal infections that
are not resolved with topical

red, swollen, painful
lesion

red lines on skin surface

Signs of spreading bacterial infection.
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therapy, griseofulvin and keto
conazole are available in tablet or
liquid form. Treatment should be
continued for two weeks after
symptoms disappear, which often
means up to six weeks. GI;seo
fulvin, however, should not be
used for fungal infections of the
feet or nails unless there is no
other alternative because
response is slow, the recurrence
rate is high, and the cost is
greater than that of the rapidly.
acting topical therapies discussed
above. It also should not be used
by pregnant women. Candidal
and deep fungal infections should
never be treated with oral griseo
fulvin or systemic or topical anti
bacterials. These drugs will not
cure deep fungal infections and
will worsen candidal infections.

Nondrug Treatments

Nondrug therapies also can help
treat skin diseases and relieve
their symptoms. For small, pus
filled or oozing bacterial infections
that crust over, such as impetigo
or infected insect bites, apply a
wet, hot compress to the sores to
remove the crusts. "This exposes
the sores to air and aids healing.

Boils can be treated entirely or
partially with nondrug therapy.
Small boils should be left alone,

swollen, tender
lymph nodes
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Using a hot compress.

and no boil should ever be
squeezed or pressed. Pressure
may force the infective organisms
back into tissue or into the blood,
leading to serious systemic infec
tion. Larger boils often require
application of hot compresses to
help pus form more quickly and to
soften any skin openings so that
pus can seep out. This natural
seepage slows as the boil heals.

Some boils must be lanced
(opened with a sterile scalpel or
razor blade) by health workers.
The top of the boil must be cut
carefully, in orderto avoid push~

ing the end of the scalpel into the
wound and cutting blood vessels
or nerves. The skin opening is
then separated with forceps,
allowing the pus to flow out. A
length of wet gauze (soaked in
Betadine, if available) is placed
into the hole and slowly removed
as the boil heals. The opening
should be kept covered to pre
vent flies from landing on it.
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Prevention

can transfer from one person to
another via shared bed linens.
Washing clothing and linens is
one way to rid them of the para
sites. Another is to place clothes,
linens, pillows, and mattresses in
direct sunlight for several hours
or in the cold at night as frequent
ly as possible. This will help to
kill any mites or lice in those arti
cles, thus preventing reinfection
of the same person or infection of
a close contact.

information or audio-visual
materials, such as slides or
videos, may be effective with
teachers. Simple textbooks with
good photos for more accurate
diagnosis and geographically
relevant syndromic protocols for
effective treatment will be impor
tant for educating health workers.
Traditional media, such as pup
petry or local theater, may be a
good way to reach many mem
bers of the community.

Drawing from booklet on hygiene showing clothing and bedding in sun.

Early, Effective Treatment

As with personal hygiene, early,
properly administered treatment
with effective medication is vital

Focus group discussions (FGDs)
help planners create effective
educational materials. In FGDs,
members of the group who will
use the materials meet with a
facilitator to discuss their beliefs
and practices concerning skin
diseases. Information gained
from FGDs is used to create edu
cational materials, which are then
pretested with the group after
they are developed to ensure that
the materials are appropriate and
understandable.

Education

Community-wide prevention of
skin diseases requires the active
participation of several different
groups of people. Education
efforts should focus on as many
of the following groups as possi
ble: health workers, teachers,
parents, children, and respected
and influential members of the
community.

Several different types of
educational tools are needed for
use with these groups. For
example, leaflets with simple
drawings may be useful with
children and their parents. Bro
chures with more extensive
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Many simple technologies and
activities can help prevent skin
diseases from spreading within a
single individual as well as from
one individual to another. None
is costly, few require external
assistance, and most are very
effective.

Personal Hygiene

Both harmless and potentially
harmful bacteria normally inhabit
the skin surface. When breaks in
the surface occur, these bacteria
can enter the skin and cause
infection. Regular, thorough
bathing and hand washing with
soap can minimize the number of
bacteria on the skin surface.
Using soap can help prevent ini
tial skin infections and reduce the
spread of existing skin infections
to other skin surfaces and other
persons. Infection transmission
also can be avoided by carefully
discarding dressings used by
infected persons.

For parasitic diseases, personal
hygiene extends to keeping bed
linens and clothing clean. Lice,
for example, can live in clothes
for up to 30 days and lay their
eggs in clothing fibers. SCabies

directions / 8:3 1988
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to prevent the spread of disease
within an individual or a com
munity. Local health workers or
respected community members
who have been taught to recog
nize skin diseases and provide
appropriate therapy, whether
medicinal or nonmedicinal, can
contribute substantially to the
prevention of skin diseases.

Early treatment to prevent dis
ease spread within the body is
especially critical with streptococ
cal infections, which can quickly
progress to serious disease if left
untreated. Early treatment for
less serious infections, -such as
superficial fungal infections, is
also important. Daily washing
with soap and water or applica
tion of potassium permanganate
to skin surrounding areas with
boils are good ways to prevent
additional boils from developing.

Conclusions

Skin diseases are among the
most common infections in the
world and, if left untreated, can
progress to serious systemic
illness. Skin infections cause
pain, embarrassment, and disa
bility to those suffering from them.
Not surprisingly, skin infections
are the primary.complaint regis
tered at health posts. Fortu
nately, they are usually simple
and inexpensive to diagnose,
treat, and prevent.

Nevertheless, national govern
ments, international agencies,
and private organizations pay
relatively little attention to this
major health problem. There are
at least two important reasons,
however, for these groups to
begin to address skin diseases.
First, by treating skin diseases,
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Some bacterial infections may
begin as small insect bites that
are scratched, becoming infected
secondarily. These secondary
bacterial infections can be
avoided both by preventing the
initial insect bites and by reducing
subsequent itching. Individual
insect bite prevention technolo
gies include repellent, mosquito
netting, and screening for win
dows. Community-wide preven
tion technologies, such as pack-

governments and other groups
can significantly decrease physi
cal pain and discomfort for a
large number of people at a rela
tively low cost. Second, treating
these visible and often stigma
tizing diseases may enhance the
credibility and reputation of health
workers in the eyes of community
members. This increased
respect may then improve local
acceptance of other less tangible
health services, such as immu
nization and family planning.

Evidence from projects con
ducted by the Japanese Organi
zation for International Coopera
tion in Family Planning (JOICFP),
in fact, supports this idea. Earn
ing a community's respect and
mobilizing community partici
pation by treating a well recog-

ing dirt into depressions that hold
standing water where insects can
breed and spraying homes with
insecticides, are also important.
Itching can be reduced by apply
ing talcum pOWder, calamine
lotion, or compresses of cold
water or cool water from cooked
oatmeal or other starch.

Treating an individual also helps
slow or prevent transmission to
other individuals, minimizing both
the morbidity and mortality in a
community and the drain on
health system resources. Impe
tigo, for example, is very conta
gious and can spread rapidly
among small children who live or
play together. By treating the ini
tial case early and isolating the
child while the sores are still visi
ble, the spread of this potentially
serious skin infection can be
minimized.

nized and commonly disliked dis
ease facilitates later efforts to
introduce other health care ideas.
JOICFP's general strategy is to
involve the community in a
deworming campaign and then
utilize the resulting increased
credibility of the workers and built
up infrastructure to introduce the
idea of family planning.

It is clear that programs to treat
skin diseases can benefit those
who suffer from them as well as
health care personnel who pro
vide a variety of health services.
Given 'lhese multiple benefits and
the ready availability of inexpen
sive technologies to diagnose,
'lreat, and prevent skin diseases,
it is time for national and interna
tional groups to address this
widespread problem.



DIRECTIONS Evaluation: Results

An evaluation questionnaire was sent out earlier this year
to all non-U.S. and some U.S. readers of DIRECTIONS. It
was completed and returned by some 11 % of those who
received ~. This report provides a brief background on the
general objectives of DIRECTIONS, a summary of
respondents' comments, and suggestions for those with
specific interests outside the domain of DIRECTIONS.

Background. DIRECTIONS information is focused on
health program managers and aims to provide enough
information about health technologies to enable them to
make wise choices for their own programs. Topics are
selected if they are important health concerns in every
major region in the developing world, they are not covered
by other publications, and specific relevant technologies
exist that can be used at the primary care level.

Respondents' Characteristics. Figure 1 shows the
distribution of respondents' occupations. The largest
number indicated administrative/managerial duties as their
main occupation. When secondary and primary occupa
tions are considered together, nearly 65% of the respon
dents are involved in program management. Respon
dents are generally highly educated, as shown in Figure 2.
More than 80% have a university degree. Figure 3 shows
the geographic distribution of respondents was similar to
that of readers in general. The majority are from Africa,
which is probably due in part to the fact that countries
where English is spoken are more heavily represented on
the mailing list.

Respondents' Views. Generally, respondents are quite
pleased with DIRECTIONS. Approximately 71 % read
each paper thoroughly, 65% share their copies, and 74%
save each copy for later reference. Some 78% find the
technical information to be about right; among managers
this proportion was slightly higher (82%). The information
is mostly or somewhat new to 90% of respondents. About
69% of respondents think DIRECTIONS contains enough
examples; 30% feel it should contain more.

Each of the past eight issues of DIRECTIONS was ranked
"useful" or "very useful" by more than 75% of respond-

Figure 2: HIGHEST EDUCATION LEVEL
In'443J

50%
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ents. Of the future topics ranked by their importance for
respondents' work, immunization and malaria were rated
"very important" by more than 50% of respondents. More
than 70% considered water use, malaria, immunization,
skin disease, and child-to-ehild health promotion to be
important concerns. Topics suggested by respondents
include AIDS, nutrition, diarrhea, and health education.

Other Comments
1} Other Languages Sought-oWe would like to offer trans
lations of DIRECTIONS but do not have funds to do it.
Any groups that may be able to undertake or help finance
translation and printing should contact us at PATH.
2} Foreign Exchange for Materials--This is difficult to
address. For some, UNESCO coupons may be a solution.
For more information, write to UNESCO, 7 place de
Fontenoy, 75700 Paris, France.
3} Issues on Diarrhea, Respiratory Disease, or AIDS-
These topics are covered in substantial depth in other free
publications. To receive Dialogue on Diarrhea, ARI
News, or AIDS Action, write to AHRTAG, 1 London
Bridge Street, London SE1 9SG, UK

We would like to extend sincere thanks to those who took
the time to answer the survey and share their views and
comments with us.

Figure 1: OCCUPATIONS
(n-342)
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Materials Available
Slide sets with English scripts for
training doctors, nurses, and aux
iliary health workers about skin
diseases are available from TALC
(Teaching Aids at Low Cost).
"Common Skin Diseases of Chil
dren in the Tropics" is in self
mounting (£2.75) or mounted
(£4.40) slide sets. For airmail,
add 60 pence. Address: P.O.
Box 49, St. Albans, Hertfordshire
AL1 4AX, U.K.

D
Primary Child Care (Book 1) is
an excellent resource with an
entire chapter on diagnosing and
treating skin diseases. It is avai
lable from TALC and costs £4.50.

D
Where There Is No Doctor also
contains a good section on skin
diseases, including drawings and

The Liverpool School of Tropical
Medicine offers a new twelve
week training course, "Manage
ment for Primary Health Care,"
for managers of health, nutrition,
and population programs from
developing ·countries. Other
short courses include "Teaching
Primary Health Care" and "Infor
mation Needs for Health Care."
For details, write to them at:
Pembroke Place, Liverpool L3
5QA, U.K.

II
AHRTAG (Appropriate Health
Resources and Technologies
Action Group) has published
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directions for making topical
treatments locally. It is available
in more than 18 languages. For
ordering infonnalion, write to:
Hesperian Foundation, P.O. Box
1692, Palo Alto, CA 94302, U.S.A

D
"Caring for Skin Infections and
Sores" is a filmstrip on preventing
and treating skin diseases with
soap and water. It is available in
English, Spanish, and French for
US$10 each, plus shipping.
(Surface is US$1: air is US$2 for
Latin America and US$3 else
where.) Order it from: World
Neighbors, 5116 North Portland
Avenue, Oklahoma City, OK
73112,U.S.A.

D
A bibliography on skin diseases
is available from PATH.

AHRTAG Resource List: Free
International Newsletters, a list
of 73 free newsletters that cover
primary health care issues. For a
free copy, write: AHRTAG, 1
London Bridge Street, London
SE1 9SG, U.K.

II
World Immunization News, a
free bi-monthly newslett~r with
practical suggestions for immuni
zation programs, is available in
English, French, and Spanish.
Request it from: Carter Presiden
tial Center, Task Force for Child
Survival, One Copenhill, Atlanta,
GA 30307, U.S.A.
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Water for Health:
Behavior and Technology

Between 10 and 25 million
people die annually from dis
eases caused or aggravated by
unclean or insufficient water or
inadequate sanitation. The World
Health Organization estimates
that improvements in water and
sanitation-related behaviors and
technologies could reduce mor
bidity by up to 80 percent. Impor
tant economic and social gains
also would result.

To address these problems,
many outside agencies have
provided communities with large,
capital-intensive "hard" technolo
gies, such as dams and wells, or
sometimes simpler interventions,

Behavior and the Community

Volume 9, Number 1

such as handpumps and rain
water collection systems. After
several years, these often are
broken and no longer used
because the training or support
systems needed to maintain the
technology have been omitted.

One lesson learned during the
International Drinking Water
Supply and Sanitation Decade
(1981-1990) is the importance of
a direct link, or "soft" technology,
to connect users with hard tech
nologies. Successful water proj
ects use soft technologies, such
as radio programs and print
materials, to motivate, instruct,
and support people in improved

Hard Technologies

ISSN: 0730-8620

water-related behaviors and hard
technology use. Program plan
ners have also discovered that
long-term sustainability is
enhanced through community
participation, particularly involve
ment of women in all stages of
project development, and coor
dination with existing develop
ment projects.

This issue of DIRECTIONS
reviews management issues
involved in implementing water
technologies, behavioral issues
surrounding water use, and hard
and soft technologies that have
been used successfully in various
countries in the past decade.

Soft Technologies

1989
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Management Issues
Regardless of the behavior
change or hard technology being
introduced, certain key issues in
managing water projects must be
addressed to ensure project sus
tainability. Among the most criti
cal are involvement of community
members, particularly women,
whose lives are most directly
affected by such changes, and
integration with other community
development projects.

COMMUNITY PARTICIPATION.
Water projects that do not involve
the community in all aspects of
project design, education, and
maintenance are often short
lived. When the community par
ticipates, its members are more
likely to feel ownership of the pro
gram, use and maintain the tech
nologies, and participate in other
health programs. In addition,
community members develop
organizational and technical skills
that can be applied to other
water, health, or development
activities.

Communities can participate in
planning projects by working with
managers to assess local needs.
Local leaders and groups (espe
cially women's groups) may be
particularly adept at prioritizing
needs, identifying resources, and
assisting in motivating others.

Community involvement in imple
menting a project might include,
for example, developing and
maintaining a fund-raising system
for obtaining contributions of
labor, materials, and money.
Local volunteers also can help
motivate and train other commu
nity members for project mainte
nance. Community members'
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evaluation of the water project is
crucial, as they are the only ones
who can truly determine if the
project has met its objectives.

INVOLVEMENT OF WOMEN. In
most cultures, women perform a
large proportion of tasks related
to water collection, food produc
tion, and food preparation. They
also are usually the principal
teachers of children in water and

.sanitation practices. Therefore,
women's participation in planning,
implementing, maintaining, and
evaluating water projects is criti
cal for long-term health benefits.

Women are often experienced in
the selection of water sources, a
process in which they weigh a
number of criteria, including time,
effort, price, taste, other uses of
the sources, and systems for
sharing source use. Studies
show that when women are
involved in water projects, reliable
water sources are identified,
appropriate hard technology
designs are used, construction
costs are reduced, and improve
ments in safety, especially for
small children, are made. When
women's views and participation
are overlooked, water and other
programs are often ineffective.
For instance, communal laundry
sinks built in a rural Iranian com
munity stood unused because
women were not consulted about
their preferences. The sinks
were built at waist height, but the
rural women preferred to wash in
a squatting position.

Although women playa central
role in making househol~ deci
sions about water, women's pub
lic roles vary among different

cultures. In some cultures it may
be prudent, and even necessary,
to obtain fathers' or husbands'
consent or approval when seek
ing women's involvement in water
projects.

INTEGRATION WITH OTHER
COMMUNITY PROJECTS.
Water and sanitation projects that
are integrated with other, ongoing
community projects have
improved chances of success.
Resources can be shared, con
flicts avoided, and the desired
results, which are often similar,
can be supported by more than
one project. For example, edu
cation about hygiene and sanita
tion complements other primary
health care and nutrition activi
ties. One study evaluated the
impact of community participation
in water supply projects on immu
nization completion rates and
found that villages with participa
tory projects achieved 60 percent
immunization completion rates,
while those with nonparticipatory
projects achieved only 49 percent
completion.

In Botswana, family welfare edu
cators are trained to construct
water carts, water filters, and
latrines and to promote them
through popular theater at health
centers. In many projects gar
dens have been planted near
water sources, where they thrive
on water run-off that otherwise
would be lost. In Kenya and
Polynesia, women who had
learned masonry as part of an
income generating project used
their skills to construct rainwater
collection tanks and latrines for
their own use as well as to earn
income.
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Behavior and the Community

Many health interventions, such
as antibiotic treatment, surgery,
and emergency care, do not
depend on long-term behavior
change to improve health.
Water-related interventions, how
ever, require sustained behavior
change over time on the part of
all members of the community in
order to affect health.

Opportunities for contamination
of water arise at many points: at
the water source, during transport
and storage, and in use. While
technological improvements to
water supply and quality (such as
pump installation) can be made,
these interventions will not be
effective by themselves. This
section examines some of the
behavioral obstacles to clean,
safe water as well as program
issues that affect the success of
efforts to overcome these obsta
cles. Specific technological inter
ventions to improve water quality
and quantity will be discussed in
the following two sections.

WATER AT THE SOURCE.
Communities obtain water from
below the ground (via wells and
pumps), on the surface (rivers,

ponds, lakes, and springs), and
above the ground (rain and
snow). The source of the water
determines the opportunities for
its contamination. For example,
water from ponds, streams, and
rivers may contain parasites or
may become contaminated with
bacteria when water in the imme
diate area or upstream from the
community is used for laundering
clothes, watering livestock, or
disposing of human waste.
Although water from below the
ground is often safest, it can be
contaminated if a latrine is placed
less than 30 meters away from
the source.

Disposal of human waste is a key
issue in protecting water at its
source. Human waste disposal
behaviors often depend on deep
rooted cultural values as well as
cost, convenience, and comfort.
Villagers have objected to new
latrines because the doors did
not completely cover the
entrance, partially exposing the
user, or because the latrines
were positioned inappropriately,
for example, facing Mecca.
People in some cultures are com
fortable squatting over a hole,
while those in others prefer to sit
on a platform. In many countries,
including Bangladesh, Malawi,
South Korea, Swaziland, and
Tanzania, providing only one
household latrine, which requires
men and women to share, can be
a constraint to latrine use. Cul
tural attitudes toward human
waste disposal should be thor
oughly investigated before start
ing latrine building projects.

WATER TRANSPORT AND
STORAGE. Even when the

source is protected, water still
may be contaminated when dirty
containers or dipping utensils are
used during transport and stor
age. In addition, water stored in
an uncovered receptacle may be
contaminated easily by insects,
dirt, or other debris. Utensils
used to remove water may stir up
sediment from the bottom. Use
of a container with a spigot
placed above the sediment level
will help prevent this problem.

WATER TREATMENT AND
USE. Water use determines the
necessary standard of cleanli
ness. Water used for bathing
and washing (external use)
requires the least degree of
cleanliness; water used for drink
ing and food preparation (internal
use) must be free of parasites
and viruses and largely free of
harmful bacteria; and water used
in medical procedures must be
aseptic (no disease-causing
organisms) or sterile (no particles
or living organisms present).

Water for external use need not
be completely 'free from disease
causing organisms. Some simple
precautions are needed, how- ,
ever, when water is taken from
sources exposed to organisms
responsible for certain diseases.
Where schistosomiasis is preva
lent, for example, water taken
from exposed sources (streams
and rivers) may be unfit for bath
ing and washing since the para
sites in the water can enter the
body directly through the skin. A
simple intervention, such as leav
ing water to sit for 24 hours, kills

. the schistosomiasis parasite and
usually makes water fit for exter
nal use.
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Water for washing dishes can
transmit bacte~ia and parasites
when washed items that have not
been thoroughly dried are used.

. Disease can also be spread
when dishes are left to soak until
the next use rather than washed
and dried between uses.

Safe external use of water also
depends upon sufficient quanti
ties of water for regular, thorough
hand washing. Studies have
shown that washing hands after
defecation and before food prep
aration decreases disease trans
mission.

Water for internal use should be
as clean as is economical and
feasible over time. The simple
behavioral interventions that
make water safe for bathing and
washing may not be adequate for
drinking or food preparation.
Water that has been allowed to
stand for an extended period of
time has reduced levels of bac
teria and may be safe to drink; it
may, however, still contain harm
ful organisms, making 'further
interventions, such as filtering,
boiling, or chemical treatment,
necessary.

Water for medical use should
meet the highest standards of
cleanliness. Invasive medical
procedures, such as injections or
surgery, require an extreme
degree of cleanliness. Most
disease-causing organisms are
destroyed after two to five min
utes at a rapid boil. For disinfect
ing medical instruments, how
ever, the World Health Organi
zation recommends boiling for a
full 20 minutes. This is particu
larly important in places where
more complicated technologies
for disinfection and sterilization,
such as steam sterilizers, auto
claves, dry heat, and chemicals,
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are unavailable or inappropriate.
Where there are fuel shortages,
however, the necessity for

prolonged boiling should be
assessed according to the
specific medical need.
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Technological solutions to the
problems cited in the previous
section focus on improving water
quality and quantity at the
source, in transport, and during
use.

WATER AT THE SOURCE. In
selecting a water source technol
ogy, the following issues should
be considered: What is the high
est level of service the community
has the institutional capacity to
sustain? What is the highest
level of service the community is
able to pay for?

Some experts have suggested
that for a water project to achieve
long-term health benefits, water
source technologies should:

• yield 20 liters of water per
person per day;

• be located within 0.5 km of
the community;

• be available to the entire
population; and

• fulfill perceived needs of the
community so continued
use, maintenance, and
repair are likely.

Water project planning should
include thorough ecological study

of the new project's impact on
parasite and vector transmission.
The expansion of water sources
and the year-round supply of
water can create conditions favor
ing the spread of intermediate
hosts and vectors o'f parasitic dis
eases such as schistosomiasis,
onchocerciasis, guinea worm,
and malaria.

Groundwater: Wells.. are a good
choice where rainfall is scant and
surface water from springs or
other sources is absent. Deep
wells often can provide a reliable,
year-round supply of water..

Wells can be dug manually or
bored by machine. The choice of
method, however, depends upon
the geology of the area and the
financial resources of the com
munity. Proper design, construc
tion, and support can greatly
reduce well and pump mainte
nance. Drilled wells usually can
be made deeper than dug wells;
very deep wells require a hand
pump, rather than a bucket, to
draw water to the surface.

Well water has been cleansed by
natural filtering systems in the
ground and is usually free from
harmful bacteria, but the well and
surrounding area must be pro
tected from contamination.
Restricted access to open wells
helps prevent accidents. A cover
over the opening allows access
to the well butkeeps contami
nants (and children) from falling
into it. A sloped, concrete apron
around the perimeter directs
waste water away from the well
and prevents water from pooling.
Run-off water also can be
diverted for washing and
irrigation.

Pumps draw groundwater from
wells to the surface and must suit·
local geological and operating
conditions. If, for example, the
groundwater level is very low, a
pump with high lift capacity is
required. The presence of sand
and corrosive elements in the
water also must be assessed, as
resistance to corrosion and abra
sion varies among pumps. Num
ber of users, well construction (for
example, with built-in filters),
pump maintenance requirements,
and availability of spare parts
must be considered in planning a
pump project. (See Materials
Available, p. 12, for a handpump
selection guide in "Community
Water Supply:')

One of the most important ele
ments in a sustainable pump proj
ect is thorough training of users
and local maintenance person
nel. A 1977 survey in Sierra
Leone, for example, found that
only 40 percent of handpumps
were working. In 1982 in Sri
Lanka, only 60 percent of
recently installed handpumps
were still functioning. Even when
all other issues are addressed
adequately, the presence of
users trained in maintenance and
the availability of spare parts
often determine the success of a
pump project.

Surface Water: Traditional
sources, such as water holes
and rivers, can be improved by
constructing bridges or platforms
to stand on when collecting
water. These help prevent the
spread of schistosomiasis and
guinea worm, for example, by
eliminating the need to stand in
the water. Other protective
measures, such as gates or
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Woman pouring water through cloth
filter fitted with rubber rim.

There are many variations on the
latrine, including the ventilated
improved pit (VIP) latrine and the
pour-flush latrine. The standard
pit latrine consists of a hole in the
ground bridged by a floor slab or
squatting plate and surrounded
by a hut to provide privacy. The
VIP latrine adds a vertical ventila
tion pipe to minimize odors and
discourage the breeding of
insects in the pit. The pour-flush
latrine has a squatting slab con
structed with a water trap below
floor level. With a small amount
of water, human waste is flushed
from the trap down a short length
of pipe to the pit. The lower walls
and bottom of the pit should be
permeable to allow liquids to
escape, while the upper walls
should be waterproof to prevent
liquids from leaching into the
topsoil and the latrine from
collapsing.

WATER TRANSPORT AND
STORAGE. Receptacles for
water storage and transport can
be made of almost any locally
available material. They should
be cleaned carefully before use,
however, especially if they have
been used to store oils, chemi
cals, or petrol. Empty pesticide
containers should never be used

Latrines should be built at a dis
tance that does not prohibit regu
lar use but at least 30 meters
from any water source to avoid
human waste leaching into the
water supply. If possible, the
bottom of the latrine should be
more than 1.5 m~ters above the
highest groundwater table.
Latrine sites should be dry, well
drained, and above 'flood level.

from houses, footpaths, animals,
and small children and at least 10
meters away and downhill from
the water supply.

)
~

Netting or screening placed over
the storage containers and down
spout prevents mosquitos from
breeding in the water and keeps
pipes and storage containers free
of debris. The gutters, screens,
and storage jars must be cleaned
periodically. The first rain after a
dry period usually washes dirt
and other contaminants from the
roof and should be diverted from
the collection vessel.
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Human Waste Disposal: Safe
human waste disposal is essen
tial for protecting a water supply
and preventing the spread of dis
ease. If latrines are unavailable,
waste should be buried away

Above-Ground Water: Rain
water catchment systems
collect rainfall from a roof and
channel it through a gutter and
downspout into a storage con
tainer. The amount of water
available depends on seasonal
rainfall variations, total annual
rainfall, the size of the rainwater
catchment area, and the capacity
of the storage tank or jar.

Most springs occur where
groundwater is blocked by an
impermeable layer of rock and is
forced to the surface. Springs
are a good source of clean water
if they are protected at the point
where the water reaches the sur
face of the ground. Water avail
ability may vary seasonally,
depending on the type of spring,
so the year-round reliability of
springs should be assessed
before attempting spring improve
ments.

Dams of concrete, rock, brick, or
earth built across small streams
and rivers harness the flow of
water and create a reservoir for a
community water supply. As with
springs, water from the reservoir
can then be pumped closer to the
community. Because of the
potentially serious consequences
of dam failure, expert advice
should be sought when planning
any dam.

For most springs, access to water
may be improved by constructing
a concrete "spring box," a struc
ture built into the ground where
the spring emerges. Spring
boxes increase water supply by
collecting the outflow. They also
serve to protect spring water from
contamination. This is accom
plished by "capping" the spring
box with a removable wood or
concrete cover and fencing off
the area. The water can be piped
from the spring box to a storage
reservoir at a slightly lower level
and distributed for community use
through standpipes. Water is
then more easily available, and
fewer people have to travel to the
source, thereby decreasing the
risk of contamination.

fences around the source, help
prevent contamination of water
by animals and people.

directions 19:1 1989



7

B.

alone, for example, can eliminate
the spread of guinea worm (see
Case Study, p. 11).

Cloth filters can strain from water
the insect that carries the guinea
worm larvae and other compara
tively large particles, but not bac
teria or viruses. They can be
made with locally available, tightly
woven cloth. In some programs,
rubber has been sewn around the
edge of the cloth to hold it in

Sand or charcoal filters provide
basic treatment for water that will
be drunk or used to prepare food.
These can be effective in remov
ing most bacteria from water if
fine sand is used and a constant
flow of water covers the sand at
all times. (Water filtered through
dry sand or sand that is not cov
ered by a constant flow will need
further treatment.) Filters can be
built entirely with locally available
materials, such as sand, char-
coal, gravel, a steel drum or clay
pot, and a spigot.

Inlet

Sand

Flat stone
keeps sand

level

Pipe with
small holes

-dJ~=~~~~~pea-siZed<::i - gravel

200-liter
barrel
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Filters are simple, low-cost,
appropriate water treatment tech
nologies that can have enormous
health benefits. The use of filters

availability of resources such as
cooking fuel (for boiling), sand,
charcoal, and bleach or other dis
infectants. Depending on water
quality, a combination of these
technologies, such as filtering
and then disinfecting by boiling or
adding chemicals, may be appro
priate for making water safe for
internal or medical use.

Simply allowing water to sit for .
over 24 hours before use can
prevent transmission of schisto
somiasis. Storing water for five to
six days will significantly reduce
the level of other bacteria in the
water. If the water quality is very
poor, additional measures must
be taken to make the water safe
to drink. Certain contaminants,
such as giardia, will not be
destroyed by any length of
storage.

to store drinking water. Clay pots
and other porous containers must
be raised off the ground slightly
to prevent contaminants on the
ground 'from seeping into them.

Storing water in capped, clear or
light blue plastic or glass con
tainers that are then placed in
direct sunlight for approximately
90 minutes completely destroys
bacteria that cause several com
mon diseases. Round or cylindri
cal containers are preferred to
square ones because a rounded
shape receives maximal expo
sure as the sun moves across the
sky. Labels on containers should
be removed.

A spigot near the bottom of the
container eliminates 'the possi
bility of polluting the water by dip
ping into it with dirty hands or
utensils and allows sediment to
settle to the bottom. If a spigot is
unavailable, care should be taken
to dip water with the same clean
utensil every time so that the
water remains clean. The con
tainer should be kept covered
and should be rinsed periodically
with clean water and left to dry
thoroughly.

The "Three Pot System" of water
storage provides a continuous
supply of water that has stood for
24 hours. Two large pots are
used for retrieving water on alter
nate days. Each pot is allowed to
stand for 24 hours. The clear top
water is then carefully poured into
a third (smaller) pot for drinking.
The remaining water can be used
for washing. In this way each
day's drinking water has been
standing for at least 24 hours
before it is used.

WATER TREATMENT AND
USE. The choice of water treat
ment methods depends on local

A. Charcoal filter. 1. With a sharp instrument, punch holes in bottom of
container. 2. Place pebbles, sand, and charcoal in container to make a
finer, which is set on top of second receptacle. 3. Pour water into top filter
and collect drinking water from bottom filter. B. Sand filter.
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Hand washing devices made from gourd (left) andplastic bottle (right).

The use of indigenous disin
fectants (plants with antiseptic
properties) has been observed
in several cultures. For example,
in Zimbabwe a root known locally
as "devil's thorn" contains high
levels of carbolic acid, an anti
septic agent. It is used by tradi
tional birth attendants as a hand
soap and as a wash for eye
infections.

Water dispensers for hand
washing can be made from
gourds or plastic bottles. These
save water and thus time spent
collecting water and can facilitate
hand washing near the latrine
and food preparation areas.

(100°C at sea level) will kill most
microbial pathogens, but longer
boiling is safer. Stirring the boiled
water with a dirty utensil or pour
ing it into a dirty container, how
ever, may recontaminate it.

Several technologies can be
used with water to improve
hygiene. For example, soap,
along with vigorous, thorough
scrubbing, can remove over 90
percent of bacteria from the skin.
Soap can be made in the home
or village cheaply and easily; its
main ingredients are fats and lye.
The two basic methods for small
scale soap-making rely on com
merciallye (caustic soda) or lye
leached from ashes (potash).
(See Materials Available, p.12, for
details on making soap.)

Screened drying racks raised off
the ground and out of the reach
of animals can be used to dry,
dishes thoroughly. This helps
protect against bacterial growth
and transfer from infected dish
water or damp, dirty dishtowels.
The racks should be fitted with
covers of screen or netting to pro
tect dishes from flies and debris.

Boiling water rapidly for about
two to five minutes destroys all
disease-causing organisms
except bacterial spores. Simply
bringing water to a rolling boil

Temephos, commonly known as
"Abate," is a chemical pesticide
that is used every four weeks
during guinea worm season in
ponds known to be affected. It
can also be used to control mos
quito and black fly larvae. It is
recommended by the World
Health Organization for use in
sources of drinking water. Unlike
many other pesticides, temephos
does not appear to be toxic to
mammals, fish, or amphibians
and is effective in low concentra
tions (one part per million) for a
reasonably long period~ Adding
temephos to a closed cistern,
however, may adversely affect
the taste and odor of water tem
porarily. A program in Pakistan
addressed this problem by treat
ing the water late in the evening
so that the smell and odor could
dissipate overnight.

water, add 3 drops of this solution
to 1 liter of water and allow the
water to sit 30 minutes. (Add 6
drops if the water is clear but
colored.)

Chemical disinfectants can be
used to treat clear drinking water
that is slightly contaminated with
bacteria. Chlorine is an effective,
easy-to-use, relatively inexpen
sive chemical commonly used in
laundry bleaches. It should be
stored in a sealed container in a
cool, dark place to retain its
strength. The main disadvan
tages of chlorine are that it may
not be readily available, its taste
may be objectionable, it must be
used consistently to be effective,
and, if used incorrectly, it is
potentially lethal. A chlorine solu
tion to use for disinfecting water
can be made by mixing 1 cup of
laundry bleach with 3 cups of
water to make 1 liter. To disinfect

place over the receptacle into
which the water is poured. Two
layer filters can be made of two
different colors of cloth so that
the user knows to place the same
side up (receiving the unclean
water) each time the cloth is
used. This prevents organisms
and debris previously caught in
the filter from recontaminating the
water. In a Ghanaian program,
the top of the 'filter is distin
guished from the bottom by
means of a logo printed on
one side of the cloth.
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Soft technologies, such as com
munication materials and training
programs, are the less tangible
interventions that link hard tech
nologies with the users. Although
soft technologies are often
neglected, they are critical to the
success of hard technologies.
Field experience with water tech
nologies shows that programs
that introduce hard technologies
without attention to soft technolo
gies often fail.

The main purpose of soft technol
ogies is to promote, explain, or
reinforce the adoption of a behav
ior or the use of a hard technol
ogy. Soft technologies take a
variety of forms. Promotional or
motivational activities might
include community theater to
encourage people to keep ani
mals away from wells or a partici
patory demonstration using hot
pepper to show the fecal-oral
route of disease transmission.
(Hot pepper placed on the hand
is wiped off; when participants
touch their tongues to their
"clean" hands, they learn that
"dirt" is not always visible.)
Instructional efforts might include
a handpump maintenance man
ual for nonliterate women. To

reinforce behaviors, discussion
groups might be formed to tackle
problems that arise in adopting a
new hygienic behavior.

Information can be presented
using a variety of media. The
most appropriate medium is
selected based upon the mes
sage, intended audience, and
available community resources.
For example, pump maintenance
instruction for villages might be
presented with a skit performed
by volunteer health workers.
Maintenance and repair person
nel, however, would probably·
need detailed print materials for
later reference. The chart on
page 10 contains examples of
motivating, instructing, and rein
forcing information that might be
useful in a water project.

Mass media, including radio,
television, newspaper, and bill
boards, can reach large numbers
of the population and are useful
for raising awareness and
encouraging new behaviors. In
Honduras, for example, large
scale sanitation activities under
taken without soft technologies
had no effect on high mortality
and morbidity rates due to diar
rhea. A large health communi
cation project was then begun
using several methods, including
radio "novels" and short spots
focusing on four water-related
behaviors to improve health. An
early project evaluation indicated
that 75 percent of the target pop
ulation was putting two or more of
the behaviors into practice.

Print media (e.g., leaflets, book
lets, flip charts, logos on cloth
and utensils) can be used for a
variety of audiences and are

particularly effective for instruc.:.
tional and reinforcing messages.
Well written and illustrated
instructions are essential as part
of the packaging on bleach or
temephos, for example, where
very specific steps must be fol
lowed to ensure success and
avoid harmful consequences.

Traditional media (e.g., town
criers, Koranic plaques in
mosques, theater, games) can
also promote awareness and
adoption of new health practices.
In many cultures, for example,
health or sanitation messages
are set to traditional music and
delivered by singing volunteer
health workers. Puppet shows,
used inmany cultures to present
"morality plays," might be appro
priate for behavioral messages.
(See DIRECTIONS,Vol. 7, No.2.)

Interpersonal communication is
one of the most effective ways of
reaching people with any mes
sage because it is direct and
immediate, thus encouraging
commitment and participation.
Interpersonal communication
methods include seminars, dem
onstrations, formal or informal
education programs, discussion
groups, and home visits.

Regardless of the medium or pur
pose, the soft technology must be
developed appropriately to be
effective. Careful research, pro
duction, pretesting, training, and
evaluation are critical for soft
technology development; close
target audience involvement in
each step is essential.

Research on local beliefs, atti
tudes, and practices concerning
water is vital for understanding
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issues or beliefs that affect
behaviors. For example, many
societies believe a baby's feces
are not dangerous. Awareness
of such beliefs and their impact
on behaviors is essential in
designing messages to address
sanitation issues.

There are several research tech
niques. Direct observation allows
managers to see what practices
might be factors in health prob
lems. In Bangladesh, for exam
ple, observers found that women
use the edge of their saris both to
clean children and wipe their own
hands, a potential factor in dis
ease transmission. Observation,
however, usually does not
explain why people behave cer
tain ways or what they believe.

In-depth individual interviews are
another way to understand local

beliefs, attitudes, and customs.
They are a good choice when few
target audience members are
available. Focus group discus
sions (FGDs) are like interviews
but use larger groups of 8-10
people of similar background. In
FGDs a facilitator follows a guide
line to ensure that all of the main
issues are discussed. Conduct
ing several FGDs increases the
likelihood that issues identified in
the sessions will re'flect commu
nity-wide concerns.

Target audience members them
selves also can collect data. In
Bangladesh, for example, moth
ers helped collect data on the
incidence of diarrhea, scabies,
and conjunctivitis using pictorial
calendars. The mothers placed a
thumbprint on the appropriate pic
ture whenever one of these dis
eases occurred. Research

results, which were compiled by
the community, demonstrated the
need for action to eliminate these
diseases.

Once research is conducted and
problems are identified, mes
sages are developed to address
these problems. Research helps
determine the best way to pre
sent selected messages. For
example, if traditional theater is a
main source of entertainment in a
community, it might be an appro
priate medium for motivational
messages. Conversely, research
might reveal the sensitive nature
of certain subjects, such as defe
cation practices, which would
make using theater or other pub
lic presentations inappropriate.

In pretesting, target audience
members preview the prototype
materials or performance to

MEDIA FOR DIFFERENT AUDIENCES AND PURPOSES

PURPOSE

AUDIENCE I MOTIVATING INSTRUCTING REINFORCING

Villagers A, B, C, D, E (e.g., A, B, C, E (e.g., group A, B, D, E (e.g., radio
theater show on discussions on handpump spots encouraging hand
benefits of latrines) maintenance) washing)

Maintenance A, C, D (e.g., community A, C (e.g., printed manuals A, C, D (e.g., radio spots
and Repair meetings to recruit water on building rainwater on importance of regular
Personnel project volunteers) collection systems) maintenance)

Community A, B, C, D, E (e.g., film A, C, E (e.g., printed infor- A, C, D, E (e.g., meeting
Leaders on hygiene and water mation on pump styles) with leaders from other

use) communities to compare
experiences)

A = Interpersonal Communication; B = Folk Media; C = Print; D = Radio; E = Television, Film, Video
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determine whether or not the
message is presented clearly
and appropriately. The technol
ogy is revised and refined until it
is understood by and acceptable
to most of the target audience.

Training health workers is
essential to the proper use of
soft technologies in the field. For
example, health workers must
know how to explain print materi
als to nonliterate audiences.

Finally, periodic evaluation of
the soft technology will determine
i'f it is reaching its intended audi
ence, is being used appropri
ately, and is effective in its
intended purpose. Soft technol
ogy evaluation can be conducted
separately or as part of the eval
uation of an entire program.

In program evaluation, it is impor
tant to try to determine whether
or not soft technologies have
brought about health behavior
changes. Evaluation has shown,
for example, that health educa
tion programs encouraging hand
washing can reduce diarrhea
rates by up to 50 percent

Conclusions

Water-related diseases are highly
prevalent and have substantial
impact on the dai Iy lives of
people throughout the world. A
majority of these diseases can be
prevented by adopting the use of
several simple technologies and
changing potentially harmful
water-related behaviors.

11 '

ou ,,' ml Ion peop e su ,er rom gUInea worm annua y.
;~Ijinea worm ~isease (or dracunculiCisis) istransmiftedthrough
contaminated,drinkingwater.· The parasite travels thro'ugh the b
and causes skin ulcers through which 'larvae pass that can even
infect others. 'Although, seldom fatal andeventually self-limiting,'t
disease' is painful and makes waiking, working, and attending sch
nearly impossible. Yearly reinfectio'n is common. 'Guinea worm h
no known cure, and no vaccine exists for immunizatio IS pre-
vented byfiltering water before storage and by buil ,pumps, pia
.form cisterns to prevent carriers from reinfecting the w

Although water-related health
problems may have simple tech
nological solutions, sustained
implementation of those solutions
requires appreciation of the sup
port components that are critical
for water project success. Water

projects that ignore these compo
nents, which include community
participation, involvement of
women, collaboration with exist
ing projects, and use of appro
priate soft technologies, often fail.
Carefully developed projects,

however, such as the guinea
worm project in Kati (see above),
illustrate the tremendous health
benefits that can be gained from
introducing simple water-related
technologies and behavior
changes.
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The Water of Ayole, a film about
a West African village that used
community participation in provid
ing safe water, is available for
US$15. Also available: Guinea
Worm: The Fiery Serpent (film).
(Both films in English and in
French.) Write: United Nations
Development Program, Division
of Information, One UN Plaza,
Room DC1-1904, New York, NY
10017, U.S.A.

D
Soap recipes may be obtained by
writing to: Volunteers in Tech
nical Assistance (VITA), 1815
North Lynn Street, Arlington, VA
22209, U.S.A.

D
World Neighbors has film strips,
flip charts, and case studies in
English, French, and Spanish.
For a free catalogue, write: 5116
North Portland Avenue, Okla
homa City, OK 73112, U.S.A.

D
The Water for the World series
includes technical notes on
design of specific water technolo
gies. For information and prices,

Community Eye Health is a free
bulletin covering topics such as
world blindness and malnutrition.
Write: Dr. Murray McGavin,
Editor, "Community Eye Health,"
27-29 Cayton Street, London
EC1V 9EJ, U.K.

•
The Appropriate Health Resour-
ces and Technologies Action
Group (AHRTAG) now publishes
CBR News, a free newsletter on
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write: A.I.D. Library, Room 105,
State Annex 18, United States
Agency for International Develop
ment, Washington, D.C. 20523
1801, U.S.A.

D
A Water and Sanitation for Health
Project (WASH) publications list
may be obtained from: 1611
North Kent Street, Room 1002,
Arlington, VA 22209, U.S.A.

D
Case studies, country reports,
field research, and general
information are available from
PROWWESS/UNDP (Promotion
of the Role of Women in Water
and Environmental Sanitation
Services/United Nations Develop
ment Program). Write to them at:
304 East 45th Street, Room FF
12-108, New York, NY 10017,
U.S.A.

D
Local ordering information for
Community Water Supply: The
Handpump Option is available
from the World Bank, Publications
Department, 1818 H Street, N.W.,
Washington, D.C. 20433, U.S.A.

community-based rehabilitation.
Write: AHRTAG,1 London
Bridge Street, London SE1 9SG,
U.K.

•
Upcoming issues of DIREC
TIONS will cover immunization
and leprosy technologies. We
welcome readers' suggestions
for appropriate technologies or
descriptions of innovative pro
grams to include in those issues.
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Immunization
Immunization is an essential
component of primary health
care and child survival activities
throughout the world. Since the
establishment of the World
Health Organization's Expanded
Programme on Immunization
(EPI) in 1974, the estimated inci
dence of childhood vaccine
preventable diseases has
declined significantly. Today,
immunization against the six
diseases targeted by EPI
diphtheria, measles, pertussis,
polio, tetanus, and tuberculosis
prevents approximately two
million childhood deaths per
year. Nevertheless, many
women and children in the
developing world remain
unimmunized, resulting in the
death or disability from vaccine-

Vaccines

Volume 9, Number 2

preventable diseases of over
three million children annually.

Currently, efforts are focused on
expanding immunization services
for women and children wUh the
goal of protecting all children
against the six EPI-targeted dis
eases. Recent initiatives call for
the eradication of polio by 2000,
the elimination of neonatal teta
nus by 1995, and a 95 percent
reduction in measles incidence by
1995. Expanding immunization
coverage against hepatitis Band
yellow fever also are objectives in
areas where these diseases are
endemic. To achieve these
goals, current immunization pro
gram priorities include: (1) the
continued use of current vaccines
as well as the introduction of new,
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more effective, and more stable
ones; (2) the development and
improvement of cold chain tech
nologies to safely transport, store,
and distribute vaccines; (3) the
development and improvement of
injection technologies to ensure
proper administration of vaccines
and safe handling of injection
equipment; and (4) efficient pro
gram management that strives to
achieve and sustain expanded
coverage and service delivery
through improved training, super
vision, evaluation, and community
mobilization.

This issue of DIRECTIONS
reviews the most recent develop
menls in these areas. It also
serves to update our 1983 issue
on the same topic.

Injection Technologies
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Vaccines

This section describes the six
diseases targeted by EPI and the
vaccines currently available to
prevent them. New vaccine
developments also are described.

Immunization protects individuals
against infectious diseases by
conferring either passive or active
immunity. Passive immunity
occurs when antibodies against a
particular infectious agent or anti
gen are transferred from one indi
vidual to another, such as mater
nal antibodies passed through
the placenta or via breast milk.
This kind of immunity is not long
lasting, and additional protection
against infection is required soon
after birth. Aclive immunity
occurs when the body produces
its own antibodies in response to
the presence of an antigen that is
introduced by either natural infec
tion or immunization.

Vaccines that induce active
immunity come in three forms:
live, "attenuated" (weakened)
viruses or bacteria such as the
measles, the Bacillus of Calmette
and Guerin (BCG, against tuber
culosis), and oral poliovaccines;
killed or inactivated viruses or
bacteria such as the pertussis
and intramuscular polio vaccines;
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and toxoids such as the tetanus
and diphtheria vaccines, in which
the toxins produced by micro
organisms have been treated so
that they no longer produce dis
ease. These three forms vary in
their effectiveness and stability.
Vaccines containing live organ
isms generally are more effective
than those containing killed
organisms or toxoids because the
induced immunity lasts longer.
Vaccines made of killed organ
isms or toxoids, however, are
usually less sensitive to heat and
light. All vaccines are susceptible
to damage from heat, and some,
such as the combination
diphtheria-pertussis-tetanus
toxoid (OPT) vaccine, are dam
aged by extreme cold. Of the
EPI vaccines, OPT and tetanus
toxoid (IT) are the most stable,
while oral polio and measles are
the most sensitive.

Measles: Despite the availability
of an effective live, attenuated
vaccine, measles causes more
childhood illness than any other
vaccine-preventable disease.
About 1.5 million children with
measles die each year. Because
unvaccinated children are virtu
ally assured of contracting mea
sles, which can be particularly
serious for children already
suffering from malnutrition or
diarrhea, WHO recommends that
a single dose of the Schwarz
strain vaccine currently used in
developing countries be given as
soon as possible after nine
months of age. Although mea
sles can occur at younger ages,
this vaccine is not routinely
administered earlier because its
efficacy is compromised by the
presence of maternal antibodies.
In special, high risk populations,

such as hospitalized children and
those in refugee camps, immuni
zation at six months and again at
nine months is recommended.

Researchers have been investi
gating more potent vaccine
strains and higher titer prepara
tions that could overcome inter
ference by maternal antibodies
and be administered at six
months of age or earlier. The
most promising of these is the
Edmonston-Zagreb vaccine. If its
safety and efficacy are confirmed
during the next two years, this
vaccine could represent a major
breakthrough in reducing the
incidence of measles worldwide.

Another option being explored is
a two-dose scheduIe whereby
infants would routinely receive
doses.of the current vaccine at
six and nine months. The main
concern, however, is that some
infants would not receive the
second dose and therefore would
not be protected adequately.
Such a schedule also would be
more costly to administer. Until
these alternatives can be studied
sufficiently, achieving high cover
age with the existing vaccine and
schedule should be a top priority.

Tetanus: Tetanus can be con
tracted at any age, but newborn
infants are at particular risk.
Newborns often are infected
through the unsterile cutling of
the umbilical cord or the appli
cation of mud, dung, ghee, or
other contaminated substances
to the umbilical stump. Although
an effective and stable toxoid
vaccine has existed for years,
neonatal tetanus is second to
measles as the leading cause of
childhood mortality from immu-
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Schedule recommended by WHO.

in death. In the developed world,
widespread immunization has vir
tually eliminated diphtheria. In·
many developing countries, par
tial immunity from diphtherial skin
infections protects some children
from serious systemic infection.
The three-dose DPT vaccine pro
vides protection against all forms
of diphlheria.

Poliomyelitis: The polio virus is
transmitted orally via food, water,
and other objects contaminated
with the feces of infected per
sons. It is also transmitted orally
through pharyngeal secretions.
Polio is associated more fre
quently with paralysis than with
death and disables several hun
dred thousand children each
year. Many more are infected
with lhe virus but do not have
symptoms.

Two existing vaccines provide
immunity against polio: a live,
attenuated, oral vaccine (OPV)
and an inactivated vaccine (IPV)
injected intramuscularly. Both
vaccines are trivalent, meaning
that all three strains of wild polio
virus are combined into one
vaccine. WHO recommends
OPV for developing countries
because it is easy to administer,
inexpensive, and effective in
conferring intestinal as well as
systemic immunity. Intestinal·
immunity is important because
persons immunized with OPV
excrete lhe vaccine virus in their

BCG,OPV
OPT,OPV
OPT,OPV
OPT,OPV
Measles

ImmunizationsAge

Birth
6 weeks
10 weeks
14 weeks
9 months

Diphtheria: Diphtheria is a bac
terial infection that can affect the
respiratory, cardiovascular, and
nervous systems and may result

Mild side effects such as pain
and swelling at the injection site
and fever OC9ur in about one-third
to one-half of those vaccinated.
Some controversy also exists
regarding potential neurologic
complications from the pertussis
vaccine. The benefits of the vac
cine, however, far outweigh the
slight risk of lhese more serious
complications occurring.

Work continues on a new acel
lular pertussis vaccine that uses
only parts of the pertussis bac
terium, rather than the whole cell,
to induce immunity. It reportedly
causes fewer side effects while
remaining equally effective. More
conclusive results are needed,
however, and general use of this
vaccine is several years away.

women of childbearing age,
especially pregnant women,
should be screened and, if indi
cated, immunized with tetanus
toxoid at everycontact with the
health system; and second, mid
wives and traditional birth atten
dants (TBAs) should be trained in
more hygienic delivery practices.

Pertussis: Pertussis, or whoop
ing cough, is highly contagious
and kills approximately 600,000
children each year. About 80
percent of unimmunized children
exposed to the bacteria will con
tract the disease. A whole-cell,
killed vaccine has been used for
many years in combination with
the diphtheria and tetanus vac
cines in a three-dose schedule
begun at six weeks of age.
Three doses given at least four
weeks apart are necessary for
adequate.protection.

Recognition of the severity of the
neonatal tetanus problem has led
to accelerated efforts to expand
coverage worldwide. WHO now
recommends two strategies for
achieving this goal: first, all

Research regarding a single
dose, slow-release tetanus vac
cine for women during pregnancy
is still in early stages of devel
opment. If this vaccine proves .
safe and effective, eliminating
neonatal tetanus may be possible
in the future.

The first dose of tetanus toxoid
(TI1) should be given at the first
contact with the health care sys
tem or as early as possible in
pregnancy. A minimum of two
doses are needed during or prior
to the 'first pregnancy. The
second dose should be given no
later than two weeks before deli
very. Up to five doses of TI are
needed to provide protection
throughout the childbearing
years. Minimum intervals
between TI1 and TI2 are four
weeks; between TI2 and TI3, six
to twelve months; and between
TI3 and TI4, and TI4 and TIS,
one year or more. During preg
nancy maternal antibodies
against tetanus cross lhe pla
centa, providing protection for the
infant for the first few months of
life. At six weeks of age, the
child begins a three-dose series
of TI, in combination with diph
theria and pertussis, to provide
continued protection.

nizable diseases. Protection
against neonatal tetanus is
achieved by immunizing pre
viously unimmunized women of
childbearing age, especially preg
nant women. Current high neo
natal tetanus mortality rates are
due to very low immunization
coverage among these women.
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feces. When unimmunized indi
viduals are exposed to the vac
cine virus through fecal contami
nation, they receive some protec
tion as well. This process lowers
the rate of polio transmission in
areas where the majority of
people is immunized.

The major disadvantage of OPV
is its extreme sensitivity to heat
and light. Furthermore, in very
rare instances the attenuated
virus excreted by immunized per
sons reverts to a more virulent
form and causes illness in vac
cine recipients or in individuals
exposed to it through fecal con
tamination. The incidence of
vaccine-associated disease, how
ever, is extremely low. The use
of OPV versus IPV has been
debated for many years. IPV is
much less sensitive to heat and
light than OPV, and it has not
been associated with any
vaccine-induced cases of polio
since an outbreak in the 1950's.
Only two doses of IPV are

required to provide protection
equivalent to at least three doses
of OPV. The IPV virus does not
replicate in the intestine, how
ever, and therefore cannot pro
tect others through oral-fecal
transmission as can OPV. In
addition, IPV is more expensive
than OPV.

One alternative being considered
is to give IPV and OPV in combi
nation. The combination would
produce intestinal immunity con
ferred by OPV while reducing the
risk of vaccine-related paralysis.
No schedule has been estab
lished, however, and the logistics
of administering OPV and IPV in
combination may be cumbersome
and costly. Assuring that children
receive the full series of doses,
regardless of the type of vaccine
being administered, is essential
to achieving WHO's goal of eradi
cating polio by the year 2000.

Tuberculosis (TB): TB is a
chronic bacterial disease spread

in sputum droplets when infected
individuals cough. TB can affect
numerous systems in the body
and is a major cause of death
and disability in developing coun
tries. Some estimate that nearly
half the population in the devel
oping world is infected. Few are
symptomatic; once infected, how
ever, symptoms can develop at
anytime.

The Bacillus of Calmette and
Guerin (BCG) vaccine, consisting
of a live, attenuated bacterium, is
administered intradermally at
birth or soon after and has been
used for many years to prevent
infection in infants. BCG's effi
cacy has been questioned, how
ever, and considerable disa
greement exists surrounding the
level of protection it provides.
The latest studies indicate that
the BCG vaccine does confer
immunity in children, particularly
against the more severe forms of
the disease such as miliary TB
and tubercular meningitis.
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The cold chain is a system of
procedures, personnel, and
equipment required to maintain
vaccines at safe temperatures
through delivery, storage, and
distribution from the manufacturer
to the vaccination site. An intact
cold chain is essential at the
national, regional, district, and
local health post levels because
all vaccines are sensitive to heat
exposure. For example, cumu
lative exposure to heat over time
will destroy vaccine potency.
Some vaccines, such as IT and
DPT, also are damaged by
freezing temperatures.

At the national and sometimes
regional levels, vaccines are usu
ally kept in a cold room designed
for long-term storage. Large cold
rooms equipped with temperature
recorders, alarm systems, and
back-up generators are needed
at this level to preserve bulk
quantities of vaccine. At the
regional and district levels, refrig
erators and freezers are used to
store vaccine, while local health
centers and outreach units rely
primarily on cold boxes and vac
cine carriers as well as on small
refrigerators. At every level of the
cold chain, temperatures must be

monitored closely and, ideally,
back-up facilities should be
available in the event of equip
ment or power failure. Crucial to
the success of the cold chain are
health care personnel trained in
proper storage, transport, and
administration of vaccine and
correct use, maintenance, and
repair of equipment.

Conditions in many countries
pose serious challenges to the
operation of the cold chain. Trop
ical climates, fuel and power
shortages, long distances
between vaccine storage facilities
and vaccination sites, lack of
spare parts for vehicles and
equipment, inadequate trans
portation, and inadequate training
of personnel in equipment main
tenance and repair can cause
breaks in the cold chain and
threaten the vaccine supply.
Many technologies exist that can
facilitate the safe passage of
vaccine through the cold chain.

Refrigerators powered by elec
tricity, gas, kerosene, or solar
energy are fundamental to an
effective cold chain. Electric
refrigerators are the least expen
sive to run and maintain, but they
may not be reliable in areas
where the electricity supply is
irregular. To address this prob
lem electric, ice-lined refrigerators
have been designed that main
tain the core temperature of the
refrigerator at a safe level (O°C to
8°C) using only 8 hours of power
during a 24-hour period. In the
past, ice-lined refrigerators were
available from only one manu
facturer; however, WHO has
recently tested and approved
three new models from different
manufacturers. One is a com-

bined refrigerator/freezer unit that
is less expensive than the older
refrigerator model. Smaller ice
lined refrigerators and separate.
freezers are now also available at
very reasonable cost.

In areas where the supply of
electricity is nonexistent or very
sporadic, kerosene- or gas
powered refrigerators often are
used. Unfortunately, these refrig
erators need frequent mainte
nance, and fuel shortages or
problems with low grade kero
sene often occur. Kerosene
burners currently under develop
ment will enable these re'frig
erators to operate using low
grade or unclean fuel without
damaging the equipment. These
also can be converted for use
with bottled gas. In addition,
several kerosene re'frigeration
accessories have been modified
to improve performance. For
example, the burner lamp glass
now available for many re'frig
erator models is reinforced with
steel, making it much less break
able. New fiberglass wicks are a
major improvement over cotton
wicks because they last longer.

Solar-powered refrigerators and
ice-makers also may provide a
reasonable alternative and may
be the only choice in areas with
out other regular energy sources.
The biggest drawback to solar
.refrigeration is the relatively high
cost of purchasing and installing
the unit and, for photovoltaic sys
tems, replacing storage batteries.
Prices vary, however, according
to the type and size of the sys
tem. For example, areas with low
solar radiation or needing ice
making capability will require
larger solar panels with more
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batteries, which are more
expensive.

Benefits of solar refrigeration
include lower long-term 'operating
costs and improved performance
and reliability. The price of solar
technology is dropping, and solar
refrigeration is fast becoming a
feasible alternative to conven
tionally powered units. Currently,
over 500 solar-powered vaccine
refrigerators are in use world
wide. National training courses
on solar refrigeration are planned
in various countries in 1990, and
regional training centers have
been established in Colombia,
Cyprus, Mali, and Thailand.

Poor maintenance of cold chain
equipment, lack of spare parts,
and lack of funds to cover main
tenance costs are serious prob
lems for many cold chain users.
WHO has prepared a 15-module
training series and a number of
handbooks on the installation,
use, and repair of all types of
refrigerators and freezers. In
addition, they have designed a
lCuniversal spare parts kit" con
taining parts and equipment
essential to most cold chain
equipment repair.

Cold boxes and vaccine
carriers keep vaccines at the
appropriate temperatures during

transport 'from district or regional
stores to local health posts and
when conducting outreach activi
ties in remote areas. Both are
lined with icepacks and insulated
to retain the cold. A container's
ICcold life," or length of time a
vaccine can be kept safely in it,
depends on the outside tempera
ture, the thickness and quality of
insulation, the number of ice
packs used, and the number of
times the box is opened in a
given period. How well the ice
packs and vaccines are packed
and how tightly the lid is sealed
after each opening also will affect
cold life. Some of the larger cold
boxes can maintain a safe inter
nal temperature for up to eight
days. Because of their weight
and bulk, however, they are less
portable than smaller boxes and
only practical for four-wheel drive
vehicles and fixed facilities.

Vaccine carriers are smaller than
cold boxes and are able to keep
vaccines cold (4°C to 8°C) for
short periods of time (24-48
hours); however, the internal
temperature of vaccine carriers
depends in part on the climate
and weather. In the absence of
vaccine carriers, insulated flasks
can be used to transport small
quantities of vaccine. Unfortu
nately, some flasks are made of
glass and can break easily. The

cold life of flasks is about 12
hours. In choosing cold boxes
and vaccine carriers, managers
should consider storage capacity,
cold life, weight when loaded,
durability, and price. To ensure
maximum effectiveness, training
personnel in the proper packing
and handling of cold boxes and
vaccine carriers is crucial.

Monitoring the cold chain at all
levels is essential. In large cen
tral stores, alarm systems and
recording thermometers, which
continuously document temper
ature changes over 7-day cycles
on a circular graph chart, serve
this purpose. During transport
and storage, inexpensive and
easy-to-read liquid crystal ther
mometers with cardboard back
ings can be used; however, they
do not function at temperatures
below freezing and are not as
durable as some other thermo
meters. Dial thermometers that
record or indicate minimum and
maximum readings and trigger
alarm systems also are useful at
all levels of the cold chain.

Chemical heat-sensitive indi
cators are management tools
used to monitor the temperatures
to which the vaccines themselves
are exposed as they move
through the cold chain.and, in
some countries, the temperatures

1. Put ice packs in the bottom. 4. Put the vaccines in the cold box.

5. Put ice packs on top.2. & 3. Put ice packs all around the sides.

G
~a:
:J:«
-e
~w

L.......- - --~-~.......---------------------------.... -)Steps in loading a vaccine cold box.
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VACCINE STORAGE TEMPERATURES

SITE: Central Store Regional Health Center Transport
MAXIMUM STORAGE TIME: up to 8 months up to 3 months upt01 month upt01 week

Measles
Oral Polio (OPV) -15°C to -25°C

DPT
Tetanus Toxoid- +2°Cto +8°C
(IT)

IPV
BeG

NOTE: Storage times are recommended maximum figures. Never freeze DPT,
IPV, or tetanus toxoid vaccines, all of which freeze at temperatures below -30°C.
Remember to check expiry dates with each use.

of the storage units. They do not
measure changes in vaccine
potency. Daily monitoring and
recording of temperature is very
important. For example, the 3M
Monitor Mark detects cumulative
heat exposures between 10°C
and 34°C and any short expo
sures over 34°C during shipping
and in-country transport of large
quantities of vaccine to regional
centers. It is placed inside the
shipping carton, and one monitor
is included with every 3000 doses
of UNICEF shipments of vaccine.
The indicator does not begin to
register heat until manually acti
vated by the vaccine supplier or
when received in the country. A
record-keeping table on the moni
tor helps determine where and
when cold chain breaks occur.
.Other monitors include a diph
theria toxoid and tetanus toxoid
shipping monitor that changes
color when exposed to temper
atures above 48°C.

PATHwatch™ and PATH
marker™, now being field tested
in several countries as a step
towards becoming more widely
available, are indicators used to
detect cumulative heat exposure
for all EPI vaccines except OPV.
PATHwatch is attached to the
outside of small boxes of vaccine.
Its companion, PATHmarker, is a
point~of-use indicator attached to
each individual vial of vaccine,
allowing monitoring of cumulative
heat exposure of the vial until the
end of the cold chain. Both are
based on a heat-sensitive chem
ical that changes color from pink
to black, reaching its end-point
(black) after the equivalent of
eight days at 37°C. Because
OPV is so sensitive to heat, a
point-of-use polio indicator is also
being considered. Currently, no
point-of-use indicators are used
routinely.

Freezewatch is used to determine
whether vaccines that are dam
aged by freezing temperatures,
such as TT and OPT, have ever
been frozen and therefore need
to be destroyed. The indicator
resembles a small thermometer
containing red ink and is attached
to a white filter paper. It is
included in the shipping carton or
hung inside the refrigerator.
When exposed to temperatures
below -3°C for more than one
hour, the ink expands and bursts,
staining the 'filter paper red.

To combine the benefits of both
the 3M Monitor Mark and the
Freezewatch indicator, WHO is
testing a single card, known as
STOPIWatch, to which both
monitors are attached. Rather
than monitoring the temperature
to which a particular box or vial of
vaccine is exposed, it monitors
the temperature inside refrig
erators.

Cold chain monitors depend on
good supervision to ensure that
temperature monitoring is con
ducted daily. Program commit
ment to providing support for
effective supervision is crucial.

Transportation is essential to
the success and sustainability of
the cold chain. Reliable trans
portation requires the availability
of funds to cover recurrent costs
associated with the vehicles, fuel,
and drivers needed to transport
vaccine shipments and personnel
to all points of the cold chain.

Transport of vaccine in remoJe
regions is particularly challenging.
Vehicles appropriate for the ter
rain and distances, such as
jeeps, refrigerated vehicles, light
weight motorcycles, and bicycles,
are essential. When selecting a
vehicle, it is important to consider
where it will be used and for what
purpose. Other considerations
include the cost of fuel and main
tenance and availability of spare
parts. In general, light, four
wheel drive vehicles are more
cost-effective than larger
vehicles, and diesel models have
lower fuel costs than gasoline
models. Multi-purpose trips also
can reduce fuel consumption. In
Kenya, the national EPI has
made arrangements with local
commercial air services to deliver
vaccines to remote areas when
carrying out other business.
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Injection Technologies

Three types of injection equip
ment currently exist: reusable
equipment, disposable equip
ment, and jet injectors. Although
WHO and UNICEF strongly
recommend that a sterile needle
and a sterile syringe be used for
each injection, disposable or
improperly sterilized needles and
syringes frequently are reused.
Practices such as changing nee
dles but reusing syringes also are
unacceptable because infection
can be transmitted by blood that
occasionally 'flows back from the
needle into the syringe barrel.
Recent studies have raised ques
tions about the risk of infection,
particularly with HIV (AIDS virus),
from injections with inadequately
sterilized equipment. At this time,
no evidence exists that trans
mission of HIV or any other
organisms occurs when vaccina
ting with properly sterilized
reusable equipment. As a safe
guard against improper reuse of
injection equipment, WHO has
called for the development of
nonreusable, single-use injection
devices. The first of these is now
undergoing field trials.

Reusable needlesandsyringes
are recommended for use in most
developing countries due to their
low cost and safety when prop
erly sterilized after each use.
Syringes are relatively long
lasting (50-200 uses, depending
on field conditions) and are
available in glass and durable,
sterilizable plastic or nylon.

Glass syringes may break, how
ever, and damage to plastic or
nylon syringes may occur due to
hard water deposits during steri
lization, which may cause the
plunger to stick. Other problems
associated with reusable syringes
include improper sterilization
practices leading to the reuse of
unsterile needles and syringes.

Disposable syringes and
needles are designed to be dis
carded after a single use. These
syringes are madeof inexpensive
plastic that cannot withstand the
heat of sterilization. The primary
advantage of disposable equip
ment is that its single use
ensures sterility with each injec
tion. In addition, immunization
outreach programs and mass
campaigns can be conducted
more efficiently since sterilization
equipment is not needed.

The primary disadvantage of dis
posables is that, despite recom
mendations to the contrary, they
sometimes are reused. In addi
tion, the purchase, shipping, and
transportation of disposables is
more expensive than of reusa
bles because greater quantities
of disposable syringes and nee
dles are needed. Shortages of

disposables also may lead to
unsafe reuse of equipment or
missed opportunities t9 immunize
eligible women and children due
to lack of equipment.

.Needleless jet injectors use
high pressure to propel a thin
stream of vaccine through the
skin when the nozzle is held
firmly against the skin surface.
No needles are necessary. Exist
ing jet injectors have been used
primarily to conduct mass cam
paigns because multiple doses of
vaccine can be given rapidly and
in quick succession; however,
purchase and maintenance costs
are high. Furthermore, several
years ago a particular nozzle on
a single jet injector was impli
cated in a hepatitis B outbreak in
the United States. Cross contam
ination occurred during vaccina
tion when infected blood droplets
on the nozzle mixed with vaccine.
A subsequent study confirmed
that risk of disease transmission,
while small, does exist when
using these older-model jet injec
tors. At this time, WHO/EPI does
not recommend jet injectors for
general use.

Hand-held, single-dose, low
workload injectors that incorpo
rate safeguards against disease
transmission are under develop
ment. Sterilization between uses
is considered unnecessary since
no needles are used. In one
design, the vaccine is contained
in small, single-use capsules that
are inserted in the injector, posi
tioned against the skin, and
destroyed during vaccination,
thereby eliminating the risk of

PA THwatch ™IPATHmarkerTMand STERltimer™ are trademarks andPATHtimer® is a registered trademark of the
Program for Appropriate Technology in Health (PA TH).
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blood traces remaining on a noz- reservoir until it fully collapses. "sharps boxes" and are recom-
zle after an injection. Because Once collapsed, the reservoir mended. Needle-stick injuries,
the vaccine capsule is destroyed cannot be refilled. This simple however, still can occur as nee-
and must be replaced after each design, which requires minimal dies are carried to the box for
injection,these injectors are more training to use, will allow health disposal and when the box over-
appropriate for low-workload providers, such asTBAs, to give flows. Alternative needle dis-
situations than -for mass cam- injections. Current plans are to posal devices are being investi-
paigns. In addition, they are fill these devices with tetanus tox- gated.
expected to be less expensive oid. Extending tetanus immuni-
and easier to maintain than the zaUon beyond the official health Sterilizing reusable needles and
older models. system will be important in syringes kills pathogenic bacteria

achieving WHO's goal of eliminat- and viruses and prevents inad-
Auto-destruct and pre-filled ing neonatal tetanus by 1995. vertent transmission of infection.
injection equipment is being Immediately after use, the needle
developed by WHO and several Inlproper needle and syringe and syringe shouId be taken
collaborating organizations so disposal can be hazardous to apart and soaked in clean water
that the reuse of disposable or health workers and commu nity to rinse away traces of blood,
inlproperly sterilized reusable members due to the risk of acci- pathogenic organisms, and vac-
equipment can be avoided. Cur- dental needle-stick injuries. Used cine. Water should be drawn
rently, various designs are being needles and syringes can cause through the needle and expelled
field tested. One auto-destruct injury as well as transmit numer- several times into a different con-
model incorporates into a stan- ous pathogens, including the tainer to minimize contamination
dard disposable syringe a mech- AI DS and hepatitis B viruses and of rinse water. Use of detergent
anism that locks the plunger at tetanus. Waste management is to wash equipment is not recom-
the base of the syringe after the therefore an important program mmended, because vaccine that
injection is given, making a conlponent. comes in contact with residual
second use impossible. Another soap may lose itspotency.
design relies on a small plastic To reduce needle-stick injuries,
insert that expands to block the several "anti-stick" needIe cover In areas where AIDS and hepa-
passage of fluid through the nee- designs are available, and many titis B are prevalent, -soaking
die within a few minutes of expo- more are being developed. Gen- injection equipment for ten min-
sure to an aqueous solution. erally these devices remain utes in a O.5°k chlorine bleach

attached to the needle and solution before washing is recom-
Because single use is assured, syringe and permit safe recap- mended. This measure can
auto-destruct syringes do not ping and disposal of the needle protect health workers from
require sterilization. Drawbacks, after use. Existing "anti-stick"
however, include higher cost rela- devices are expensive.
tive to existing reusable and dis-
posable injection equipment. To reduce exposure to contami-
Current designs will undergo fur- nated blood on syringes, new
ther research and testing before containers for used disposable
full-scale production begins. syringes are undergoing field en

testing. One model is designed -;)

:c
a

Single-dose, pre-filled, non- to be used 'first as a shipping box ()

reusable injection systems also for needles and syringes and «w
are under development. They then converted to a disposal box. a:

'=::

provide the same benefits as Once full, a fuel stick provided
Q)
CIJ

auto-destruct designs and reduce with the box is lit, and the used
'CD
~

vaccine wastage and filling syringes, with needles attached, ai
errors. In one design, vaccine are incinerated.

Q)
c:

contained in a plastic reservoir
c:«

and integral needle assernbly is Boxes designed to securely hold A sterile needle and sterile syringe
administered by squeezing the used needles are known as should be used for each injection~
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possible infection when handling
equipment during the wash pro
cess. Infection can occur through
cuts or broken skin on hands.

Steam-pressure sterilization, or
"autoclaving," for 20 minutes at
121°C is the most effeclive
method of sterilization. In health
centers and other small facilities,
this method is increasingly
employed using portable steam
sterilizers that have been modi
Hed from home pressure-cooker
designs and are equipped with
racks for needles and syringes.
They can be powered by elec
tricity, kerosene, bottled gas, or
high efficiency wood stoves.
Solar-powered steam sterilizers
also are being developed and
field tested in several countries.
Upon completion of these trials in
1990, WHO/EPI will issue recom
mendations regarding their use.
Additional innovations include
removable steam-sterilizer racks
to facilitate portability of equip-

A.

ment and triple-rack sterilizers to
hold up t0126 syringes. When
sterilization is not possible, high
level disinfection by boiling for 20
minutes is an acceptable, though
less effective, alternative. Boiling
will destroy most bacteria, all
viruses, and other pathogens, but
not bacterial endospores.
Because the temperature at
which water boils decreases at
increasing altitudes, boiling time
should be extended by five
minutes for every 300 meters
(1000 feet) above sea level. At
very high altitudes, however,
boiling may not be efficient or
effective.

Attempting to disinfect or sterilize
injection equipment by soaking in
liquid disinfectants is not recom
mended. Some pathogenic
organisms, such as tetanus
spores, are not killed using this
method, and the disinfecting solu
tion may not reach all necessary
surfaces.

B.

Timing is important to ensure pro
per sterilization and high-level
disinfection. According to WHO,
equipment that is steam sterilized
for less than 20 minutes may not
be sterile, and boiling or steam
sterilizing for more than 20 min
utes wastes fuel. Reusable indi
cators of heat exposure over time
are being developed for use with
steam sterilization or open-pot
boiling disinfection. The chemical
in the devices changes color irre
versibly from black to green when
equipment has been exposed to
the proper temperature for a suffi
cient amount of time. STERI
timer™, for example, is attached
to the steam sterilizer lid so that
one side reacts to the temper
ature inside the sterilizer while
the other displays the color
change outside the lid. Early field
trials are planned for 1990.
PATHtimer® is a similar reusable
device that changes color after
20 minutes in boiling water. It is
currently being evaluated.

A. Example ofa single-dose, pre-filled, nonreusable needle andsyringe. B. PATHwatch™IPATHmarkerTMcold chain
indicators.
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EPI program management
encompasses a wide variety of
tasks including program planning
and goal setting, resource alloca
tion, cold chain management,
record-keeping and disease sur
veillance, training and super
vision, and evaluation. Recent
initiatives calling for the eradica
tion of polio, the elimination of
neonatal tetanus, and a 95 per
cent reduction in the incidence of
measles have led to increased
interest in innovative manage
ment tools and delivery strategies
for new and existing techno
logies. In particular, sustaining
program accomplishments over
time has become a high priority.

The ideal schedule currently
recommended by WHO/EPI pro
tects an infant against all six EPI
targeted diseases with five immu
nization visits between birth and
nine months of age. Alternative
schedules also have been
devised to accommodate special
regional or cultural circum
stances. WHO suggests that
each country adopt the recom
mended scheduIe that best
meets its own needs.

Factors influencing immunization
schedules include the accessibil
ityof immunization services and
resources, type of vaccine used
(e.g., OPV versus IPV), cold
chain requirements, and patterns
and rates of disease transmission
in target areas. For example,
immunizing infants according to
the recommended schedule can
be difficult in many areas
because most infants are born at
home, far from fixed health posts.
In remote regions in West A'frica,
where achieving even minimal
immunization coverage is chal-

lenging due to long travel dis
tances and difficulties maintaining
a cold chain, a two-contact sche
dule using mobile teams has
been devised ('first visit: DPT
IPV, BCG; second visit: DPT
IPV, measles). This schedule is
not ideal, however, since three
doses of pertussis, not two, are
required for optimal protection.

Biomedical factors also influence
scheduling. Ideally, vaccines
should be given before infants
are at high risk for infection. If
given too early, however, the
vaccine will not be fully effective
due to competition from maternal
antibodies. Delaying immuni
zation prolongs the infant's time
at risk of disease, especially if a
series of doses is required.
Excessive delays between suc
cessive doses, however, do not
justify restarting the series.
Rather, the next dose should be
given at the earliest opportunity.

Immunization coverage rates
reflect the percentage of eligible
persons who haye received the
complete series of doses of vac~
cine. For some vaccines, cover
age levels of less than 100 per
cent may be acceptable based on
the theory that when the majority
of individuals in acommunity is
immune to a disease, the risk of
transmission to the rest of the
group is reduced. This phenom
enon is known as "herd immu
nity." It is advisable,however,
that programs strive for coverage
levels of 100 percent because
vaccination failure (e.g., due to
using vaccine that has lost its
potency) does occur, and the
extent to which herd immunity is
effective is uncertain. In addition,
it does not apply to all diseases.

For example, tetanus is not trans
mitted from person to person.
Instead, tetanus spores live in
soil, so any unimmunized person
can be infected upon contact with
spores.

EPI managers must decide
among a nurnber of strategies for
achieving high coverage. Com
bining strategies to suit regional
circumstances and resource
availability usually is most
effective.

The least expensive strategy pro
vides services from fixed health
facilities, such as existing health
posts or clinics. Relying solely on
this strategy, however, may result
in lower coverage, because the
facility may not be accessible to
many people.

Another strategy incorporates
outreach efforts from fixed facili
ties to reach people in remote
areas. To conduct outreach
operations, fixed facility health
staff organize and deliver system
atic vaccination services to local
communities. Permanently
assigned mobile teams are
another form of outreach for com
munities that have no access to
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12

en
J

:t
()
«wa::
"i:::
Q)
CJ)

·CD
~

ai
Q)
c:
c:«

Raising tetanus toxoid coverage
among women is an important goal.

health facilities. Oulreach s'lrat
egies are more expensive due to
transportation costs. Maintaining
immunization schedules and
record-keeping also may be more
difficult. Despite these draw
backs, outreach activHies playa
major role in improving and sus
taining immunization coverage.

Finally, in some countries, mass
campaigns or "immunization
days" can supplement regular,
ongoing immunization activities
and help strengthen existing pri
mary health care services. When
conducting these activities, thor
ough planning and community
mobiliza'lion and awareness are
vital. Managers must ensure that
these kinds of short-range activi
'lies are consistent with long-term
goals. A single day or series of
vaccination days is not enough to
sustain programs. Follow-up and
evaluation to assess the resu Its
of an accelerated immunization
strategy are essenlial.

Regardless of the.strategy, com
munity mobilization is crucial to
achieving and sustaining high
immunization coverage. A com
bination of educational and pro
motional techniques should be
used to motivate families to have
their children immunized. Stimu
latingenergy and commitment
among health professionals and
community workers also helps
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assure increased coverage rates
as well as·high quality service
delivery.

Regularly monitoring specific
indicators allows continuous
adjustment of program operation.
Indicators include vaccine usage
and demand and current stock
value, budget expenditures, num
ber and frequency of immuni
zation sessions, frequency and
content of supervisory visits,
training activities, community
mobilization activities, and
mileage and records of vehicle
use.

Record-keeping is essential to
managing a successful immuni
zation program. Immunization
status by vaccine, dose, and age
group of the populations served
should be recorded routinely on
simple vaccination reporting
forms. Because families often
move and clinic-based records
may be incomplete (if they are
kept at all), many programs
require families to keep vacci
nation or "road-to-health" cards
documenting immunizalion sta
tus. Separate cards for women
showing tetanus toxoid status
also should be kept. Data from
these home-based cards are very
usefuIwhen estimating coverage
levels for a particular area.

To evaluate program progress,
all iITlmunization programs should
have clearly defined, measurable
goals and objectives, such as
raising coverage to a certain per
centage in specific regions or
populations, or reducing the inci
dence of a particular disease.
Evaluation techniques, such as
disease surveillance and cover
age surveys, are used to meas
ure progress in achieving these
goals. These activities, con
ducted routinely and at all pro-

gram levels, also enable mana
gers to identify problems and
revise priorities. Routinely report
ing all new cases of targeted dis
eases and inves'ligating out
breaks also is very important.

Disease surveillance is used to
monitor trends and patterns in
incidence and document the
impact of immuniza'lion programs.
In countries where routine sur
veillance is not well-established,
WHO recommends developing
networks of sentinel monitoring
sites. Sentinel sites are selected
clinics, hospitals, or local health
posts throughout a region or
country 'lhat monitor incidence
and report outbreaks of EPI
targeted diseases. Overall pro
gram effectiveness and appro
priateness is measured using
data from these sites.

Local area monitoring, a similar
technique, uses well-developed
hospital units to monitor disease
incidence trends over time. Polio,
measles, and neonatal tetanus
are monitored most effectively
because they are relatively easy
to diagnose.

Coverage surveys also help
determine immunization coverage
rates, program achievements,
and possible reasons for immu
nization failure. Cluster sampling
is a relatively inexpensive and
quick technique developed by
EPI to assess coverage. The
process involves two steps. First,
thirty representative groups, or
Uclusters," are identified within a
country, region, or urban area in
proportion to their population
(Le. larger communities contri
bute more clusters). Second,
one household per cluster is ran
dOITIly selected as a starting
point. From that point, visits are
made house-to-house until seven
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Evaluation Strategies

Adapted from Monitoring of National Immunization Programmes, a WHO
publication.

OBJECTIVE METHOD

Measure coverage -WHO cluster sampling method
-Comparison of doses delivered

to eligible population

Detect disease trends -Sentinel monitoring sites
\

-Routine disease reporting

Assess program impact -WHO cluster sampling method
-Disease surveys; questionnaires
-Rapid assessments
-WHO outbreak investigation

method

Assess cold chain -Thermometer, cold chain monitor
readings

-Inspection of equipment

Review overall program -In-depth evaluation of costs,
personnel, transport, logistics,
community mobilization

children of the appropriate age
(usually 12-23 months old) are
found. Tetanus toxoid vaccine
status of mothers with infants 0
11 months old is determined
during the same survey, so seven
women also are chosen from
each cluster. The immunization
status of each of the 210 mothers
and children selected (7 x 30
clusters) is determined by looking
at vaccination cards and by inter
viewing parents. Based on clus
ter sampling results, coverage
estimates are made for the entire
area selected. Cluster sampling
can reveal trends in coverage
rates over time. Data 'from single
clusters, however, are not statisti
cally valid.

The U.S. Agency for International
Development (A.I.D.)'s Demo
graphic and Health Surveys
(DHS) are used to collect com
prehensive health data, including
immunization status. The sur
veys involve extensive house-to
house interviews, nutritional
assessments, and checks of vac
cination or "road-to-health" cards.
Summary reports are submitted
to national health ministries, and
data sets on nearly 30 countries
are available. (See Materials
Available, p. 16).

The "drop out" rate after the first
dose of vaccine in a series is a
major concern of many programs.
In some countries, less than half
of children receiving the first
doses of DPT and OPV receive
the 'final doses. To improve
coverage rates, women and
children should be screened for
eligibility at every contact with
health care services, and, if pos
sible, immunized on the spot.
Missed opportunity studies have
been carried out in many coun
tries to determine ·why eligible
women or children are not immu-

nized despite contact with the
health system. These studies
reveal several common reasons
why immunization often does not
occur. For example, potent vac
cines may not be available at all
times, health care workers may
re'fuse to vaccinate ill children or
pregnant women in the first tri
mester, schedules may be mis
calculated, vaccination records
may be inaccurate, or vaccinators
may be reluctant to open a new
vial of vaccine for just one child.

Improved training and supervision
of health care providers can help
reduce these problems. Also,
parents need easily understood
information about the benefits of
immunization and the importance
of returning to receive the full
series of doses, the time and
location of the next visit, and how
to treat common immunization
side effects such as soreness at
the injection site and fever.

UNICEF and WHO also promote
"rapid assessments" to provide
quick feedback on specific pro
gram interventions. These
assessments are comprised of
open-ended interviews, site visits,
and document analyses and are
less formal than standard evalua
tions. They are problem-oriented
and are intended to answer basic
questions such as what worked,
what did not, and why. Rapid
assessment steps include defin
ing the evaluation problem, deve
loping a set of questions to be
addressed, identifying particular
experiences from which to learn,
conducting the evaluation, and
preparing a brief, final report.

To analyze the data from these
various evaluation methods, EPI
managers and personnel can use
any number of the new computer
software packages being intro
duced to national EPls. (See
box, p. 14).
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* CaSAS-IT is being developed
to assess tetanus toxoid cover
age rates

managers and field workers.
Courses for senior and mid-level
managers include topics on esti
mating disease prevalence, pro
gram goal-setting, coverage survey
methodology, program evaluation,
and cold chain management. A
new course for senior level EPI
managers is being prepared for
testing in 1990. These courses are
about two weeks long and are con
ducted by national and international
staff.

* Coverage Survey Analysis
System (CaSAS) analyzes data
from coverage surveys and pro- .
duces computerized graphs and
tables summarizing coverage
levels, drop-out rates, and'missed
opportunities for immunization..
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WHO has developed numerous
training courses for both program

Job descriptions and perfor
mance standards should be
established, and tasks should be
clearly defined and understood
by all personnel. Regular super
visory visits to the field enable
supervisors to meet face-to-face
with workers, understand oper
ational issues, and observe per
formance. Positive feedback
enhances motivation and may
reduce high worker turnover
rates, which can disrupt program
activities. These visits also allow
workers to ask questions and
clarify procedures. Since trans
port is often a limiting factor for
supervisory visits, more effort to
coordinate 'field visits of different
health program staff is important.

Supervision ensures that proce
dures are being followed and
provides feedback to health wor
kers on job performance and pro
gram effectiveness. Regular
supervisory visits and filling out
weekly, monthly, and quarterly
checklists enable supervisors to
assess program progress and
identify problems. A weekly list
might include the following ques
tions. Were all scheduled
vaccination sessions held? Was
sterile equipment used for each
injection? Were sufficient quanti
ties of vaccines available? Was
the refrigerator checked daily?
Checklists also help monitor
program management activities
such as inventory control, record
keeping, and cold chain mainte
nance.

sonnel alone does not guarantee
immunization program success.
Training also should be extended
to community leaders, local poli
ticians, school teachers, social
workers, and other citizens.

Training and supervision are
crucial to the success of immuni
zation programs. Training activi
ties should be ongoing, task
related, and practical, especially
as new immunization technolo
gies and program initiatives are
introduced and services are
extended to more peripheral
areas. A major challenge to
effective training is frequent staff
turnover due to extended leaves
of absence, reassignment to
other regions, or job termination.
Training programs must try to
address this problem by estab
lishing contingency plans and by
training back-up personnel.
Technical training of health per-

Focus group discussions provide
another way to gather qualitative
data. Six to eight people of simi
lar background are brought
together to discuss a particular
issue such as attitudes towards
immunization among mo'lhers-in
law. The discussion, which is
guided by a trained group leader,
is intended to reveal attitudes and
opinions about the issue that may
not be expressed in other types
of surveys. Results of these
qualitative evaluation methods
are used to devise more effective
information, education, and com
munication strategies and to
better understand community
health beliefs.

Qualitative evaluation methods,
in conjunction with quantitative
methods, are useful in redefining
program goals and assessing
progress in meeting these goals.
For example, knowledge-attitude
practice (KAP) surveys, which
use long and detailed question
naires, evaluate what people
know about an issue, whether or
not their behavior re'flects their
knowledge, and where they
obtained their information.

directions / 9:2 1989



15

WHO courses for health workers
in the field include topics on cold
chain logistics, cold chain equip
ment repair, and handling of vac
cines and injection equipment.
These courses are conducted by
national, regional, and district
staff who already have taken the
course. Countries may modify
course content to suit regional
circumstances.

Handbooks and guidelines that
cover more specific topics on
recent technological develop
ments and program initiatives
also are available from WHO. In
addition, audio-visual materials,
such as posters and slides, can
be obtained from EPI through
regional representatives.

Conclusions

Each year immunization pro
grams worldwide prevent millions
of childhood deaths. Yet millions
more women and children remain
unimmunized and at risk of death
and illness due to vaccine
preventable diseases. Recent
WHO/EPI initiatives call for the
reduction or eradication of sev
eral of these diseases, and
increased efforts are under way
to achieve universal vaccine cov
erage within the next decade.
New technologies will be essen
tial to achieving this goal. Some
are available now, and many
more are under development and
should be ready for widespread
use over the next several years.

These technologies span areas
such as vaccines, vaccine deliv
ery and cold chain equipment,
and program management tech
niques. For example, improved
refrigeration and cold chain moni
toring devices will preserve vac
cine more effectively at all levels
of the cold chain. Similarly, new
injection and sterilization technol
ogies will make vaccine admini
stration safer, both for health
workers and for those being
immunized. These new technolo
gies,in conjunction with political
commitment and community
involvement, will greatly enhance
the prospects of achieving and
sustaining universal immunization
and protecting all children against
vaccine-preventable diseases.
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Materials Available

Several good resources are
available in small quantities 'free
of charge from WHO/EPI:

For information on cold chain
equipment, consult the Product
Information Sheets published in
English, French, and Spanish.
The Cold Chain Newsletter,
issued periodically in English and
French,contains the latest infor
mation on cold chain develop
ments. Evaluation and Moni
toring of Nationallmmuni
zation Programmes provides
detailed information on strategies
to monitor and evaluate all
aspects of national EPls. Further
references are listed in the EPI
Bibliography, which is updated
annually. To obtain these mate
rials, write: WHO/EPI, 1211
Geneva 27, SWITZERLAND, or
to WHO regional offices.

o

World Immunization News, a
free bi-monthly newsletter with
practical suggestions for immuni
zation programs, is available in
French, English, and Spanish.
Request it from: Carter Presi
dential Center, Task Force for
Child Survival, One Copenhill,
Atlanta, GA 30307, U.S.A.

o

For information on EPI activities
in the Americas, consult the EPI
Newsletter, which is published
bi-monthly in English and Span
ish. Contact EPI, Maternal and
Child Health Program, Pan
American Health Organization,
525 Twenty-third Street, N.W.,
Washington, D.C. 20037, U.S.A.

dlrectlons/9:21989

The Resources for Child Health
(REACH) project has published
EPI Essentials: A Guide for
Program Officers, an excellent
manual that covers all aspects of
EPI management and evaluation.
The guide is available in English
for US$20, plus $3/copy for over
seas orders. Contact: REACH,
John Snow, Inc., 1100 Wilson
Boulevard, Ninth Floor, Arlington,
VA 22209, U.S.A.

D

A 1986 issue of Population
Reports covered immunization.
"Immunizing the World's Children"
describes in detail EPI diseases
and vaccines, cold chain logistics,
injection and sterilization tech
nologies, and program manage
ment and evaluation. For a free
copy, write to: Population Infor
mation Program, The Johns
Hopkins University, 624 North
Broadway, Baltimore, MD 21205,
U.S.A.

o

Demographic and Health Sur
veys (DHS) data sets are avail
able for nearly 30 countries. Sets
include immunization coverage
estimates. For country lists and
copies of published data, write to
DHS Data Archives, Institute for
Resource Development, 8850
Stanford Boulevard, Suite 4000,
Columbia, MD 21045, USA.

D

A bibliography on immunization is
available from PATH.
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Lepro~y

Leprosy is a chronic, infectious,
mycobacterial disease that
affects about 10 million people,
mainly in developing countries.
The World Health Organization
(WHO) estimates that approxi
mately 1.6 billion people currently
live in regions where the preva
lence of the disease exceeds one
case per 1,000 persons.

Leprosy, also known as Han
sen's Disease, primarily affects
peripheral nerves, skin, and
mucous membranes. The dis
ease exacts a high social as well
as physical toll. If left untreated,
leprosy can result in deformity
and disability, causing those
afflicted to be needlessly

Description and Diagnosis
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shunned and feared in many
parts of the world because of
myths and prejudices associated
with the disease. Although effec
tive drugs to cure leprosy have
been available for several dec
ades, many sufferers are reluc
tant to identify themselves by
seeking treatment. This is partly
because they fear that families,
friends, community members, and
employers may reject or ostracize
them. Yet leprosy is curable, and
if it is diagnosed and treated
early, deformity and disability can
be prevented.

During the 1980s, several new
technologies were developed that
have led to major improvements

Treatment and Prevention

ISSN: 0730-8620

in the treatment and control of
leprosy. The most important of
these is multidrug therapy (MDT),
which uses a combination of
drugs to treat the disease and
was developed to address the
problem of drug resistance asso
ciated with single drug therapy.
Other technologies related to pro
gram management, service deli
very, patient and community edu
cation, and the prevention and
correction of disabilities also have
led to more effective leprosy con
trol activities worldwide.

This issue of DIRECTIONS
describes leprosy and reviews the
technologies used in its diag
nosis, treatment, and prevention.

Program Management
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Description and Diagnosis

Description
Mycobacterium Leprae, the bacil
lus (rod-shaped bacteria) that
causes leprosy, is a slow-growing
organism closely resembling the
tuberculosis bacillus. Because
M. Leprae has never been culti
vated successfully in vitro, know
ledge about it is limited.

Leprosy generally is more com
mon among males than females.
This difference, which is less pro
nounced in children, may exist
because adult males in many
societies have greater mobility
than their female counterparts
and thus more opportunities for
exposure to the bacillus. Lep
rosy's average incubation period
ranges from two to seven'years
and sometimes longer.

Transmission: The exact mode
of leprosy transmission is still
unclear. For many years, leprosy
was believed to be transmitted
through direct skin-to-skin con
tact. Because leprosy bacilli usu
ally are not found on the skin's
surface, however, experts now
consider this mode unlikely.
Instead, they believe that M. Lep
rae is transmitted primarily via the
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upper respiratory tract, which
may harbor millions of leprosy
bacilli. With each cough or
sneeze, the bacilli are discharged
on droplets or dust particles that
healthy individuals then inhale.
Prolonged, close contact with
infectious persons is likely to
increase the risk of transmission.

Susceptibility: The incidence
and distribution of leprosy varies
widely and irregularly within
endemic regions, suggesting that
the risk of acquiring the disease
varies among individuals. Thus,
while leprosy bacilli may be trans
mitted easily, perhaps 95 percent
oJ people who are infected with
the bacilli never develop the dis
ease. Cell-mediated immunity
(CMI), orthe ability oJ individual
cells to resist infection, is the
mechanism that protects against
leprosy. CMI also influences the
type of leprosy that develops.

Factors influencing the strength
of the CMI response in individuals
include prior exposure to other
mycobacteria, pregnancy, the
presence of other diseases, and
genetics. For instance, experts
have known for years that a rela
tionship exists between leprosy
and tuberculosis (TB), which is
also caused by a mycobacterium.
Where TB is widespread,
declines in leprosy incidence
have been observed, possibly
due to a cross-immunological
effect between the two diseases.
(For more information on TB, see
DIRECTIONS, 6(1),1986.)

Pregnancy may lead to the devel
opment of active disease in
women already infected with the
bacillus or to exacerbation and

relapse in untreated or inade
quately treated existing cases.
This may occur because elevated
estrogen levels associated with
pregnancy lower CMI. WHO rec
ommends that women with active
leprosy postpone pregnancy until
completion of treatment.

Some experts fear that the
increased incidence of human
immunodeficiency virus (HIV)
infection, which causes acquired
immune deficiency syndrome
(AI DS) and is associated with
depressed CMI, may lead to an
increase in leprosy incidence or
deterioration in existing cases.
More research is needed, how
ever, to confirm such a relation
ship.

Diagnosis
Because individual resistance to
leprosy varies, the disease
appears in many different forms
and exhibits a wide range of
signs and symptoms. This some
times makes diagnosis difficult,
yet early diagnosis is critical to
prevent disability and deformity.
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Peripheral nerves commonly affected
by leprosy.
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The three definitive diagnostic
signs of leprosy are: (1) reduc
tion or loss of feeling in skin
lesions, (2) enlargement and
tenderness of one or more peri
pheral nerves, and (3) the pres
ence of acid-fast bacilli in a skin
smear. Diagnosis is made when
one or more of these signs is
present. Technologies for diag
nosis are limited, but health wor
kers at all levels of the health
care system can use basic clini
cal and laboratory techniques to
improve diagnostic accuracy.

$kin lesions often are among the
first signs of leprosy. While other
diseases may cause lesions, only
leprosy lesions have impaired
sensation. A wisp of cotton wool,
a nylon thread, thin paper, or a
feather can be used to test for
sensory loss. After asking the
patient to close both eyes, the
examiner touches normal and

affected skin with one of these
items. With eyes still closed, the
patient points to the spot where
sensation is felt. This test is
repeated in affected and unaf
fected areas. Sensitivity to tem
perature is tested the same way
with two test tubes, one filled with
hot water and the other with cold.
WHO recently field tested a new,
inexpensive, battery-powered
thermal sensibility tester. About
the size of a pen, it provides a
quick and easy way to test ther
mosensitivity. Pain sensitivity is
tested by pin-prick.

Peripheral nerves may be tender
and enlarged due to leprosy
infection. (See diagram, page 2.)
Nerve damage symptoms include
sensory loss, muscle weakness,
paralysis, and tingling sensations,
especially in the face, hands, and
feet. Impaired eyelid function,

. corneal anesthesia, and inflam-

mation of the iris can lead to eye
damage. Since nerve damage
often results in painless injuries
and burns, potentially leading to
ulceration and disability, early
identification of nerve involve
ment is crucial.

Slit-skin smear results are used
to confirm leprosy diagnosis,
classify the disease, and monitor
the efficacy of chemotherapy.
Accurate interpretation of smears
depends on effective training and
supervision of health workers and
laboratory personnel and on the
condition of laboratory equipment
such as microscopes, glassware,
and reagent supplies. (See'box
above.)

When clinical and bacteriological
examinations are inconclusive,
skin biopsies can provide needed
information. Nerve biopsies are
recommended in exceptional
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CLASSIFICATION SPECTRUM OF LEPROSY .
SYSTEMS

Ridley & Polar I Borderline Mid- I Borderline I Polar

Jopling Tuberculoid Tuberculoid borderline Lepromatous Lepromatous

Madrid Tuberculoid
I

Borderline I Lepromatous

WHO Paucibacillary
I

Multibacillary
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Paucibacillary leprosy lesion.

cases where peripheral nerves
are enlarged, but skin lesions are
absent. Major sensory and motor
nerve trunks should not be biop
sied.

Skin and serological tests to
detect subclinical leprosy infec
tion cu rrently are under develop
ment. If adequately sensitive and
specific, such tests could facilitate
early identi'fication and treatment
and enhance understanding of
risk factors relating to leprosy
infection and disease.

Leprosy classification helps to
determine treatment strategies
and identify patients who are
highly infectious or at risk of dis
ease complications. The different
forms of leprosy are classified
along a continuous spectrum of
disease. Three different classifi
cation systems are in use: the
Madrid system, the Ridley and
Jopling system, and the WHO
system.

The Madrid system divides lep
rosy into three forms: (1) the
lepromatous form, which is the
most severe and indicates that
the patient's CMI is extremely
weak or nonexistent; (2) the
tuberculoid form, which is the
least severe; and (3) the border-
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line form, in which the patient
shows some resistance but may
have a variety of symptoms,
depending on the strength of
resistance.

The Ridley and Jopling classifi
cation system is somewhat more
precise and divides leprosy into
five groups 'from least to most
severe: (1) polar tuberculoid,
(2).borderline tubercu loid,
(3) mid-borderline, (4) borderline
lepromatous, and (5) polar lepro
matous.

Both of these classification sys
tems also recognize an indeter
minate form of leprosy in which
patients have one or a few iII
defined skin lesions. Peripheral
nerves usually are unaffected,
and skin smears are negative.
Sensory impairment, however, is
always present. These cases
may develop into more serious
forms of the disease or may
resolve without treatment.

The WHO classification system
divides leprosy into two groups:
paucibacillary and muItibacillary.
Paucibacillary leprosy is usually
noninfectious. It includes all
smear-negative polar tuberculoid,
borderline tuberculoid, and inde
terminate forms. Multibacillary
leprosy includes all smear
positive mid-borderline~ border
line lepromatous, and polar lepro
nlatous cases. The multibacillary

patient has little or no resistance
to leprosy bacilli and may be very
infectious until treated.

Of these systems, the Ridley and
Jopling system places the dis
ease most precisely on the immu
nological spectrum, while WHO's
classificationis simplest and nl0st
applicable to developing country
control programs. The WHO sys
tem's primary goal is to ensure
that leprosy patients receive the
appropriate MDT regimen. The
relationship among the three
systems is illustrated below.

The lepromin test, which consists
of an intradermal injection of
autoclaved M. Leprae into the
patient's forearm, sometimes is
used to classify the disease after
diagnosis by indicating the
strength of a patient's CMI
response. Paucibacillary patients
will have a positive test result,
indicating a strong immune
response. Multibacillary patients
will have a negative test resu It,
indicating that there is little or no
resistance to infection. In mid
borderline and indeterminate
cases, the results vary. The long
waiting time (three to four weeks)
between administration and inter
pretation of the test, however,
makes follow-up difficult, espe
cially in rural areas. Obtaining
lepromin and training health wor
kers to use the test add to the
logistical difficulty.
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5

Treatment and Prevention

A. Multibacillary patient before MDT. B. The same patient
after one year of MDT.

In addition to dapsone and rifam
picin, multibacillary patients take
daily and monthly doses of c1ofa
zimine. Though very effective,
clofazimine side effects can
include reddening of skin lesions
and darkening of skin exposed to
sun, which causes some patients
to object to its use. If a patient
refuses clofazimine, a thiomide
(ethionamide or protionamide)
may be considered. Thiomides,
however, are much more toxic
than clofazimine, possibly caus
ing liver damage when taken with
rifampicin, and generally are not
advisable.

MDT is a major development in
leprosy treatment and control.
Sustained use of MDT may
reduce leprosy prevalence by 75
percent in five years, making pos
sible the eventual eradication of

clofazimine. Multibacillary
patients receive all three, while
paucibacillary patients receive
only dapsone and rifampicin.
Rifampicin is well-tolerated and
very effective; a single 600 milli
gram dose kills almost all bacilli
within several days, leaving the
patient noninfectious. MuItibacil
lary and paucibacillary patients
both receive monthly, supervised
doses of rifampicin.

B.A.

MDT uses three anti-leprosy
drugs: dapsone, rifampicin, and

Treatment failure due to resis
tance can be avoided by com
bining drugs to treat leprosy. In
1981 WHO recommended that
multidrug therapy (M DT) replace
dapsone monotherapy for treat
ing leprosy. The goals of MDT
are to eliminate patients' infec
tiousness, interrupt disease trans
mission, shorten the du ~ation of
treatment, and prevent or over
come 'further development of
drug resistance. WHO de'fined
specific drug regimens for pauci
bacillary and multibacillary
patients that are effective and
feasible under avariety of field
conditions. (See box, page 6.)

three years to a lifetime, which
often results in poor patient com
pliance. Compliance problems,
as well as exclusive reliance on a
single drug administered in low
doses over a long period of time,
have led to the emergence of
dapsone-resistant strains of M.
Leprae in over 40 countries.
Resistance causes frequent
relapse or failure to improve with
treatment, and patients resume
infectiousness. (For details on
drug resistance, see DI REC
TIONS, 3(2),1983.)

Chemotherapy: For nearly 40
years, leprosy has been treated
with a single sulfone drug called
dapsone. Dapsone revolution
ized leprosy control. Isolation of
leprosy patients no longer was
considered necessary, and
patients could treat themselves
with daily doses at home. Dap
sone is inexpensive, has few side
effects at recommended dosage
levels, and is very effective in
arresting leprosy and its trans
mission. Complete cure, how
ever, may require treatment for

After diagnosis and classification,
appropriate treatment is selected.
Chemotherapy is the most impor
tant technology for treating lep
rosy and managing complications
such as changes in immunologi
cal status (reactions) and relapse.
If chemotherapy is started early,
recovery from leprosy usually is
complete, and disability can be
prevented. New treatment and
prevention technologies, such as
vaccines, also are under develop
ment. Technologies to control
disabilities include tools and tech
niques to facilitate physical func
tioning and protective devices to
prevent further damage.
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leprosy. Patients can be com
pletely cured in six months to two 
years (depending on the form of
leprosy), and those who receive
MDT early in the course of the
disease are much less likely to
develop permanent disabilities.

Vaccines: Research on leprosy
vaccines has been underway for
many years. Progress has been
slow mainly because M. Leprae
cannot be cultivated in vitro, and
large quantities of the bacillus
can be obtained only from experi
mentally infected, nonhuman
sources such as the armadillo.
The Bacillus of Calmette and
Guerin (BCG) vaccine, which pro
tects against tuberculosis, was
the first vaccine considered for
leprosy because of possible
cross-immunological benefits.
BCG's protective effect against
leprosy has been tested in four
field trials. Because results
ranged from 20 percent protec
tion in Burma to over 80 percent
in Uganda, BCG is not recom
mended for use against leprosy.

Current research is focusing on a
vaccine combining heat-killed M.

Leprae (HKML) with BCG to
induce strong CMI responses in
leprosy patients who previously
had little or no -response. Com
bining these mycobacteria may
prevent infection as well as gen
erate immune responses in
patients already infected. Field
trials of HKML alone and in com
bination with BCG began in
Malawi and Venezuela several·
years ago. Study results will not
be available for almost ten years.

Trea'tment of reactions: Reac
tions are acute episodes associ
ated with changes in the patient's
immunological status. They can
occur in all forms of leprosy
except indeterminate leprosy,
regardless of whether or not the
patient is on chemotherapy.
Unless reactions are treated
promptly and adequately, they
can lead to severe and perma
nent neural and tissue damage.

Two basic reactions occur in lep
rosy patients. Type One lepra
reactions, also known as reversal
reactions, primarily occur in
borderline cases and involve a
sudden strengthening of the CMI

response. Of greatest concern
are the changes in peripheral
nerves, which swell rapidly,
become painful, and impair nerve
function. If untreated, severe and
permanent nerve damage may
result, causing loss of sensation,
muscle contractures, and perma
nent paralysis. Corticosteroids
should be given to treat inflam
mation, and analgesics may be
administered to' relieve pain.

Type Two lepra reactions occur in
lepromatous patients. They are
caused by changes in humoral
(systemic) immunity response
and also are called erythema
nodosum leprosum (ENL)
reactions, which means red
nodes of leprosy, because of
their clinical features. Like Type
One reactions, ENL reactions
often affect nerve functioning.
Unlike Type One reactions, how
ever, they also may involvf3 eyes,
kidneys, spleen, testes, joints,
and muscles. Corticosteroids
and thalidomide or clofazimine
are used to treat ENL reactions.
Women of childbearing age
should be given clofazimine _
instead of thalidomide, which can
cause serious birth defects.

MULTIDRUG THERAPY FOR LEPROSY

I PAUCIBACILLARY MULTIBACILLARY
LEPROSY LEPROSY

Bjfampjclo--600 mg once-
monthly, supervised

Bjfamplcln--600 mg once-
monthly, supervised ~-100mg (1-2 mglkg

WHO Recommended body weight) daily, self-
Regimen ~--1 00 mg (1-2 mglkg administered

body weight) daily, self-
administered ClofazjmjoEf-300 mg once-:

monthly, supervised, and 50
mg daily, self-administered

At least two years or, when
Duration of Treatment Six months possible, until skin smears are

negative

Surveillance after Annual exams for at least two Annual exams for at least five

Completion of Treatment years years

·If patients refuse clofazlmlne, substitute ethionamide or protionamlde In dally, self-administered
doses of 5-1 0 mglkg body weight.
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For either reaction, patients on
MDT should continue the pre
scribed regimen, rest affected
limbs, and limit activity until the
reaction has passed. Severe
reactions may require hospitali
zation.

Disabilities: Approximately 30
percent of registered leprosy
patients suffer from deformities
and disabilities. Damage to peri
pheral nerves, which maintain
skin sensation and muscle move
ment, causes the ma.jority of dis
abilHies. Complications such as
blindness, paralysis, and loss of



skin sensation are preventable
with early diagnosis, treatment,
and patient education. If disabili
ties develop, prompt measures to
control them and prevent fu rlher
damage are critical.

Although all areas of sensory loss
are at risk of injury, the feet and
hands are most susceptible.
Infected wounds leading to ulcer
ation of the foot is one of the
most common problems of lep
rosy. Almost all ulcers heal with
rest over time. If the patient does
not detect the wound due to sen
sory loss and continues to walk
without protection, however,
severe tissue damage and even
tually bone loss may resu It.
Untreated hand injuries lead to
similar problems including loss of
fingers. Leprosy also may impair
skin secretions, such as the abil
ity to sweat, and affected areas
often become dry, cracked, and
therefore susceptible to infection.

Protective devices help prevent
injury to hands, feet, and eyes.
For example, gloves should be
worn to avoid hand burns when
cooking or tending fires, and
shoes or sandals should be worn
at all times. Deformed feet
require specially designed shoes
to fit abnormal contours and
distribute weight evenly. Foot
wear with stiff soles and insoles
of microcellular rubber or plasta
zote (a soft, heat-moldable foam
plastic) are ideal. Extra high arch
supports relieve pressure on
toes, and soft, cotton sandal
-strap lining protects against
chafing and blistering. Nails
never should be used in shoes
for leprosy patients.

About 250,000 people may be
blind due to leprosy, yet leprosy
related blindness is preventable

Modified sandal for dropped foot.

in most cases. Blindness may
occur for several reasons. Mus
cles in the eyelid may be para
lyzed due to peripheral nerve
damage, thereby preventing
blinking; the cornea may lose
sensitivity (corneal anesthesia),
making the patient unaware of
eye damage or infection; or the
iris may become inflamed during
a Type Two reaction, potentially
causing permanent damage.

Dark glasses can protect eyes
from dust and dirt. A low-cost
eye shield made of transparent
plastic and adhesive also can be
worn for protection.

Self-care techniques: Patients
suffering from sensory loss.must
conduct regular, daily exams of
hands, feet, and eyes to check
for minor infections and injuries.
To prevent infection and mois
turize the skin, leprosy patients
should soak affected hands and
feet in water for 20 to 30 minutes
every day. After soaking and
patting the skin dry, the patient
should apply petroleum jelly or a
vegetable oil over the skin to help
retain moisture. If eyelid muscle
weakness is evident, patients
should close eyes regularly as
tightly as possible (''think and
blink"), apply antibiotic eye oint-

7

ment, and flush eyes with spe
cially formulated disinfectant or
tear substitute, or for iris inflam
mation, with steroid drops.

Clinical care: If ulcers develop,
they should be cleaned thor
oughly with soap and water.
Adhesive zinc tape or other
dressings or in severe cases, a
plaster cast for about five weeks
to rest the limb also may be nec
essary. A cast should not be
used, however, until the ulcer is
clean and the infection is con
trolled.

Physical therapy: Simple, daily
exercises such as repeatedly
extending paralyzed fingers can
prevent muscle wasting and con
tractures and increase muscle
.strength. Conditions such as
dropped foot or claw hand may
require splints or braces to pre
vent further damage. Plaster or
molded plastic splints also stabi
lize affected limbs during reac
tions, reducing pain and prevent
ing contractures. To facilitate the
use of small objects, gripping aids
made of epoxy putty can be
molded to items such as tools,
pens and pencils, and eating
utensils.

Surgery: Cornmon surgical pro
cedures include removing dead
bone, draining abscesses, ahd
debriding ulcers. Tendon transfer
to straighten clawed fingers and
toes and correct dropped feet, as
well as reconstructive surgery to
rebuild collapsed noses or
replace lost eyebrows, also are
possible. Severe deformity or
infection may warrant amputation.
Surgery also may be required to
treat eyelid paralysis. Unfortu
nately, most leprosy control pro
grams are not equipped to pro
vide such specialized care.
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Program Management

The essential components of
successfuI leprosy control pro
grams are: (1) early case-finding
and treatment; (2) effective mon
itoring and follow-up of patients
under treatment; (3) education of
the patient, family, and commu
nity; (4) training and supervision
of health care personnel at all
levels of the system in leprosy
diagnosis, case management,
and referral; (5) program moni
toring and evaluation; and (6)
social'integration and rehabilita
tion of persons with leprosy.

Early case-finding and treat
ment: Early case identification
and registration allows prompt
administration of chemotherapy
to prevent disabilities and elimi
nate infectiousness; WHO
defines a leprosy case as "a per
son having clinical signs of lep
rosy with or without bacteriologi
cal confirmation of the diagnosis,
and requiring chemotherapy."
WHO recommends that this
definition be adopted worldwide
so that data may be compared
among different countries.

Both active and passive case
finding methods commonly are
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used. Case-finding activities,
however, are valuable only if effi
cient, reliable treatment services
are available for every case iden
tified.. Essential service compo
nents include well-trained per
sonnel; well-organized, 'fully
stocked clinics; accessible labo
ratory facilities for smear and
biopsy analysis; and referral faci
lities for patients with reactions,
drug side effects, or deformities
requiring surgical corrections.

Active case-finding methods
include contact surveillance and
screening of schoolchildren. In
contact surveillance, health wor
kers obtain smears and conduct
clinical examinations on all previ
ously identified patients and their
household contacts to confirm
diagnosis. It is most useful in
areas of low to moderate endem
icity and in urban slum areas,
where cases often are clustered.
Screening schoolchildren is use
ful in highly endemic areas. In
Bombay, India,school surveys
have been conducted since 1970.

Active methods with more limited
use include total population sur
veys, job site screening, and
rapid surveys. Total population
surveys are useful only in highly
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Active case-finding methods include
screening schoolchildren.

endemic areas. Job site screen
ing can be effective but may
resu It in job loss for workers iden
tified as having leprosy. Rapid
surveys, usually organized at
centrally located screening sites,
are particularly effective when
combined with general health
examinations.

Despite these efforts, most cases
are identified through self
reporting, referral, and notifica
tion. These passive methods
absolutely require effective health
education to dispel myths about
leprosy, teach people to recog
nize early signs of the disease,
and inform people about avail
able treatment services.

Once cases are identi'fied, MDT
should be initiated immediately.
Unfortunately, the pace of MDT
implementation has been slow.
Of the estimated 10 million lep
rosy cases worldwide, about 5
million cases are officially regis
tered, and of this number only
about 2.1 million cases, or less
than half, have been put on MDT.
In Africa, less than 20 percent of
leprosy cases are receiving MDT.

Several factors contribute to this
. problem. First, initial costs of
MDT are higher than dapsone
therapy. The duration of MDT,
however, is much shorter, espe
cially for paucibacillary leprosy
(six months instead of three to
five years), making the long term
cost-effectiveness of MDT much
greater than dapsone therapy" In
addition, drug costs are dropping
steadily, as are total expenditures
for treating disabilities, since
disabilities occur less frequently
among patients receiving MDT.



Experience over the last seven
years has shown that effective
MDT programs need adequate
resources and well-trained per
sonnel to carry out support activ
ities related to MDT. Priorto
implementing MDT in an area, all
registered cases must be
reviewed and those patients no
longer requ iring treatment shou Id
be released from the registers. In
areas where resources are lim
ited, MDT should be introduced
on a small scale in one area or
district and then slowly expanded
to other areas as resources
become available. A systematic
method of tracing patients who
have dropped out of treatment
also should be established.

Follow-up: Monitoring and
follow-up of patients on MDT is
crucial to promote compliance
and minimize interruption of treat
ment. Drug intake can be moni
tored by consulting with the
patient and counting remaining
tablets or capsules or by taking

urine samples to test for the pres
ence of anti-leprosy drugs. Dap
sone is easily detected in urine
using a spot test on filter paper
treated with Ehrlich's reagent; a
yellow ring immediately appears if
the urine contains sulfones. Sim
ply checking the urine for a red
dish color will indicate if rifampicin
has been taken in the last six to
ten hours. Health workers also
should make home visits to
remind patients of appointments.

Because MDT regimens require
coordinating the supply of diff.er
ent drugs and taking a mixture of
daily and monthly dosages both
at home and under supervision,
assuring timely and correct drug
intake can be difficuIt. One inno
vation to improve treatment com
pliance is the development of
blister calendar packs to facilitate
the delivery of drugs. (See box
above.)

Once the prescribed course of
treatment is completed, WHO

9

recommends that, if possible,
paucibacillary patients and their
household contacts be kept
under surveillance for at least two
years, with annual clinical exam
inations. Multibacillary patients
and their household contacts
require five years of surveillance.
Patients who have completed
-treatment should be instructed to
return to the clinic at the first sign
of relapse.

Health education: Because
leprosy inspires such fear and
misunderstanding, programs to
control the disease require inten
sive health education for patients,
families, and the community to- .
dispel myths and reduce preju
dice. Training people to recog
nize leprosy signs and symptoms
also is important. Health educa
tion campaigns must take into
account local attitudes and
beliefs about leprosy. Cam
paigns are most effective when
respected community merrlbers
such as village chiefs, traditional
healers, religious leaders, and
school teachers are involved.
Existing leprosy education mate
rials can be adapted to specific
settings to support effective lep
rosy education campaigns. (See
Materials Available, page 12.)
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Health worker explains importance of
foot care to leprosypatient.
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Patient education begins at diag
nosis. To improve compliance,
patients must understand what
chemotherapy can accomplish
and how long treatment is
required. They also must
develop a personal sense of
responsibility·for preventing
disabilities and deformities and
have a clear understanding of
appropriate self-care techniques.

The patient's family also must be
educated about the disease so
that they do not reject or ostra
cize the patient. If family mem
bers understand the disease and
the need for regular treatment,
they can play an important role in
achieving patient compliance with
MDT and self-care.

Mass media can help educate the
general public about leprosy. For
example, in India, posters and
billboards with simple phrases
such as "leprosy is curable" and
"leprosy is not hereditary" have
been posted throughout the rail
way and bus systems in certain
provinces. Similar messages are
printed on railway timetables.
Exhibitions and check-up stations
allow waiting passengers to see
videos, read pamphlets, and be
screened for leprosy, if desired.
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Keeping accurate records is an essen
tial component of effective leprosy
controlprograms.
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Radio and film presentations,
pamphlets, community education
campaigns, and school-based
health education also can reduce
the social stigma and prejudice
often associated with leprosy. In
Sierra Leone, a local theater
staged several performances
about a person with leprosy to
raise community awareness.

Training and supervision:
MDT implementation and other
new control activities make train
ing of health care personnel at all
levels very important. Clearly
defined tasks accompanied by
good supervision increase effi
ciency, develop skills, and pro
mote positive work attitude~. A
manual with all essential informa
tion on leprosy diagnosis, treat
ment, management, and pre
vention must be developed for
health workers. Adequate train
ing in leprosy must be included in
the curricula of medical and para
medical training institutions,
especially in countries where the
disease is endemic:

Monitoring and evaluation:
Simple, standardized information
systems should be established to
monitor and evaluate the opera
tional, clinical, and epidemiologi
cal aspects of leprosy control.
Ideally, the following data should
be collected: number of regis
tered cases, case detection rates,
disability rates among new cases,
MDT coverage and drop-out sta
tistics, and relapse rates. At a
minimum, leprosy control pro
grams should maintain patient
record cards or atreatment regis
ter for active patients. Patient
record cards should contain
demographic information, diag
nosis, treatment initiation and
completion dates, and follow-up
examination results.

To ensure accurate statistics,
-program managers should estab
lish routine quality control sys
tems. The nature and. extent of
random quality control checks
depends on the availability of
supervisory staff and laboratories.
Activities that should be reviewed
routinely include leprosy diag
noses and classification, smear
results, record-keeping systems,
and statistical calculations.

To determine the effectiveness of
leprosy control activities, WHO
has helped develop the OMSLEP
Recording and Reporting System,
which is used in many countries.
The system can be adapted to
the specific information system
used in each country, and its
standardized format facilitates the
comparison of data among dif
ferent countries. Information can
be compiled and interpreted with
or without the use of microcom
puters.

Social integration: The social
isolation of leprosy patients,
though less prevalent than in the
past, is one of the last remaining
barriers to the eradication of
leprosy. Social isolation is
unnecessary and inflicts untold
suffering on patients and their
families. Community programs
help encou rage social integration
of leprosy patients. For example,
community-based rehabilitation
(CSR) for the disabled integrates
leprosy patients by treating disa
bilities through existing health
services within the community.
CSR promotes awareness and
responsibility for care among
community members, increases
self-reliance, and encourages the
use of simple, affordable, and
culturally acceptable methods
and technologies for physical
therapy and rehabilitation.
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Conclusions
Leprosy is a serious pl)blic health
problem affecting millions of
people worldwide. In addition to
physical suffering, leprosy
patients often endure social
ostracism and prejudice because
of myths and misconceptions
surrounding the disease.

Yet never before have the pros
pects been better for controlling
and eradicating leprosy. New
diagnostic, treatment, and pro
gram management technologies
are being developed that may
revolutionize the control of the

disease. The most important of
these is MDT, which represents a
crucial breakthrough in the treat
ment of leprosy. Where chemo
therapy has been introduced and
sustained, marked reductions in
leprosy prevalence have occurred.
The future development of tech
nologies such as vaccines to
prevent and treat leprosy also
promise to have profound effects
on the control of the disease. In
addition, health education and
program management techniques
to encourage public support of
leprosy patients are receiving
greater attention. For patients

who have developed disabilities
and deformities, rehabilitation
tools and techniques now exist to
improve functioning and prevent
further physical deterioration.

All of these technologies can
reduce the needless physical and
psychological suffering of leprosy.
Concerted efforts to improve
health care delivery to leprosy
patients and educate the public
about the disease must continue,
however, so that people with
leprosy will seek and receive the
treatment they need without fear
of social reprisal.
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Materials Available

WHO has produced several
excellent publications on leprosy.
They include: A Guide to Lep
rosy Control, Second Edition;
Epidemiology of Leprosy in
Relation to Control; Chemo
therapy ofLeprosy for Control
Programmes; and WHO Expert
Committee on Leprosy. All
publications are available from
WHO, Leprosy Unit, Division of
Communicable Diseases, 1211
Geneva 27, Switzerland, or 'from
WHO regional offices.

D
Implementing Multidrug Ther
apy for Leprosy, by Dr. A. Colin
McDougall, covers all essential
issues related to MDT introduc
tion. It is available for US$7.95
per copy (includes shipping
costs). Write to: OXFAM, 274
Banbury Road, Oxford, OX2
7DZ, U.K.

D
Many resources are available
from The Leprosy Mission Inter
national (TLMI). For example,
Preventing Disability in Lep
rosy Patients, by Jean M.
Watson, contains basic informa
tion and illustrations on care and
prevention of disabilities. Health
Education in Leprosy Work is
an excellent manual for training
health care workers. For details
on taking smears, consult the
Technical Guide for Smear
Examination for Leprosy by
Direct Microscopy. TLMI also
produces a magazine every six
months called Partners. It is
available at no charge to leprosy
health workers. For a complete
list of English language teaching
and learning materials and order
ing information, contact: The
Leprosy Mission International, 80
Windmill Road, Brentford,
Middlesex, TW8 OOH, U.K.
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Two comprehensive and well
illustrated guides entitled Lep
rosy: Basic Information and
Management and Leprosy for
Medical Practitioners are avail
able in limited quantities free of
charge from CIBA-GEIGY, Ltd.,
CH-4002, Basle, Switzerland.

D
Teaching Aids at Low Cost
(T.A.L.C.) produces a wide range
of training materials, slide sets,
and guides on leprosy for training
medical and paramedical person
nel. For more information, write
to: T.A.L.C., Box 49, St. Albans,
Hertfordshire, AL1 4AX, U.K.

D
David Werner's books, Where
There Is No Doctor and Disabled
Village Children, contain excel
lent sections on the diagnosis and
treatment of leprosy and on the
care and prevention of disabilities
resulting from leprosy. For
ordering information, write to:
Hesperian Foundation, P.O. Box
1692, Palo Alto, CA 94302, U.S.A.

D
A bibliography on leprosy is avail
able from PATH.
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Malaria
Malaria is one of the most preva
lent and debilitating tropical dis
eases. Nearly half the world's pop
ulation-over 2.1 billion people in
103 countries-live at risk of the
disease, and about 250 to 300 mil
lion cases of malaria occur annu
ally, many among young children.
The World Health Organization
(WHO) also estimates that about
270 million people may be carrying
the malaria parasite. In sub-Sa
haran Africa 'alone, one to two mil
lion cases per year are fatal.

Malaria is caused by a single
celled blood parasite of the genus
Plasmodium. It is transmitted by
the bite of the female Anopheles
mosquito. Early efforts against
malaria focused on eradication

Diagnosis and Treatment

Volume 1O,Number 1

using DDT insecticide to destroy
the mosquito vector and anti-ma
lanai drug treatment to destroy the
parasite in the human bloodstream.
In the 1970s, however, WHO
shifted its focus to malaria control
due to a major resurgence of ma
laria in many countries that was
caused by the emergence of para
site resistance to chloroquine, the
antimalarial drug of choice for
years, and vector resistance to
DDT and other insecticides. Alter
natives to these compounds were
costly, and other ecological, socio
cultural, and operational factors
such as resource shortages, poorly
planned development projects, de
forestation, war, and human migra
tion also confounded efforts to
eradicate the disease.

ISSN: 0730-8620

To effectively control malaria de
spite increasing drug and insecti
cide resistance and continuing eco
nomic and social hardship,
attempts are being made to de
velop new technologies to diag
nose, treat, and prevent malaria.
Alternative antimalarial drugs are
now being administered in some
regions where chloroquine resis
tance has emerged. New biologi
cal, environmental, and chemical
techniques to destroy the mosquito
and prevent human-vector contact
also are being advocated.

The first two sections of this
DIRECTIONS issue describe
malaria diagnosis, treatment, and
prevention. The third section

, reviews malaria control strategies.

Control Strategies

1990
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Malaria parasite life cycle.

In highly endemic regions, re
peated infection can lead to partial
immunity in the human host. In
fected adults in such hyperendemic
areas may be asymptomatic or ex
perience only mild clinical illness
when reinfected., Infants under six
months are partially protected
against malaria due to the pres
ence of maternal antibodies trans
ferred via the placenta. By con
tr~st, in children between the ages
of six months and five years, when
maternal antibodies are gone and
active immunity has not yet devel
oped, malaria infections can be se
vere, causing high fever, chronic
anemia, and an enlarged spleen.
Children who are malnourished are
at increased risk of severe illness
once infected.

Other groups that are particularly
vulnerable are pregnant women
(see box, p. 7 ) and nonimmune
migrants and travelers coming 'from
nonendemic to hyperendemic
areas. Individuals with the sickle
cell trait or related conditions are
partially protected against P.
falciparum malaria. To date, no
association has been established
between HIV infection and in
creased susceptibility to malaria.

The sexual stage begins after the
mosquito feeds on infected blood,
ingesting male and female gameto
cytes., These cells mature into ga
metes, which combine sexually,
eventually forming oocysts, which
then produce sporozoites. These
are released into the mosquito's
gut, migrate to the salivary glands,
and are injected into the human
host during the next blood meal.

clinical symptoms of fever and
chills relate directly to the rupturing
cells. Unlike P. falciparum and P.
malariae, P. vivax and P. ovale
may remain dormant in the liver for
months or years before rupturing
and reentering the blood stream,
causing relapses, sometimes.long
after initial infection.

Malaria transmission depends on
four factors: the vector (mosquito),
the parasite, the vertebrate host,
and the climate and environment.
Various species of the female'
Anopheles mosquito transmit the
malaria parasite to the human hOst
by taking blood from an infected
person, harboring the parasite
while it reproduces, and then in
fecting a different person during a
subsequent bite. The parasite's life
cycle is corrlplex, requiring both a
human and mosquito host in which
to undergo two distinct develop
mental stages: the asexual and
the sexual. In the asexual stage,
the parasites, in the form of sporo
zoites when the mOsquito injects
them into the bloodstream, invade
liver cells where they multiply, pro
ducing daughter parasites called
merozoltes. When the infected
liver cells burst, the merozoites en
ter the blood stream where they
invade red blood cells and multiply.
The red blood cells rupture, releas
ing moremerozoites. Some de
velop into male and female game
tocytes, while the majority
continue the cycle of invading and
bursting red blood cells. Malaria's
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P. vivax, which is also widespread,
and P. ovale, which is less com
mon, may cause acute illness and
relapse but are seldom fatal. P.
malariae, also known as quartan
malaria, has a spottier distribution
and causes a chronic, less severe
illness that can persist for decades.

P. falciparum, the most severe and
prevalent species, causes 90 per
cent of all malaria infection in Africa
and the ma.jority of malaria deaths
worldwide. It can lead to liver and
kidney failure and brain and lung
complications; cerebral malaria is a
severe, often fatal result.

Disease Cycle
. Four species of the Plasmodium

parasite cause malaria infection in
humans: P. falciparum, P. vivax,
P. ovale, and P. malariae. Symp
toms for all forms include shivering,
fever, and profuse sweating,·as
well as nausea, headache, spleen
enlargement, anemia, and muscle·
pain. Incubation period, type of
symptoms, and duration of attack
vary depending on the Plasmodium
species and on the individual's
level of acquired immunity to ma
laria infection.

directlons/10:1 1990
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Diagnosis and Treatment

A health worker collects blood to screen for malaria parasites.

MALARIA DIAGNOSIS
Definitive malaria diagnosis de
pends on the accurate detection of
malaria parasites in the blood. For
individual care, early parasite de
tection and treatment, especially of
P. falciparum, is critical since com
plications of infection may be se
vere and sometimes fatal.

For decades, microscopic detec
tion 'of parasites in stained blood
smears has been the mainstay of
malaria diagnosis. New diagnostic
methods are.being developed and
tested, but at this time, they are in
experimental stages and are being
applied primarily to epidemiological
studies rather than to individual di
agnosis.

Blood smears for microscopic diag
nosis require materials for blood
collection, slides, stain, and a well
maintained microscope. To exam
ine blood, both thin and thick
smears are prepared, usually from
finger pricks, and stained with
Giemsa's stain. Other stains such
as Field's, Leishman's, or Wright's
also may be used.

Thick films are used for initial para
site detection due to their greater

blood cell concentration. Thin 'films
then may be used to·determine
parasite species and the percent
age of infected red blood cells.
Red blood cells from symptomatic
individuals often contain enough
parasites so that diagnosis is easy.
In endemic areas where adult pop
Ulations may have a high level of
acquired immunity, however, para
site density may be lower, making
microscopic diagnosis more diffi
cult. When initial blood smears are
negative but malaria is still sus
pected, additional specimens
should be taken every six hours.

When performed properly with
good equipment and a trained mi
croscopist, microscopic diagnosis
is very accurate; however, the pro
cedure, which requires about 30 to
60 minutes from sampling to result,
is labor-intensive and tiring. Rap
idly and accurately screening large
nurrlbers of samples is difficult.
Other disadvantagesof microscopy
include microscope cost and avail
ability and difficulty in maintaining
quality control. For these reasons,
while microscopy currently is the
most reliable diagnostic method, it
is not performed in rural areas in

many countries. Instead, diagnosis
is often based on clinical signs
alone, which can be inaccurate.

Alternative diagnostic techniques
currently being developed may be
able to screen large numbers of
blood samples to detect current or
previous infection. They are in
tended primarily for epidemiologi
cal studies to assess and monitor
malaria endemicity, the level of
malaria transmission, and the im
pact of control methods. Samples
are processed at a central labora
tory where skilled technicians and
well-maintained equipment are
generally available.

For example, nucleic acid hybrid
ization tests are under develop
ment to detect P. falciparum ge
netic material in infected blood.
These methods use natural or syn
thetic parasite-specific DNA and
RNA sequences labeled with radio
isotopes or enzyme detection sys
tems. When mixed with an in
fected blood sample, these se
quences combine with complemen
tary P. falciparum genetic material.
This assay can be done on many
samples in a few hours.
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Microscopy is the most common
technique to diagnose malaria.

Another research tool using DNA
probes is the polymerase chain re
action (PCR). Although PCR is still
in the early stages of development,
research indicates that it is ex
tremely sensitive in identifying P.
falciparum DNA and eventually
may be able to differentiate be
tween P. vivax and P. falciparum
and detect Chloroquine-resistant
parasite strains.

Malaria-specific antibody detection
tests also are being refined. At this
time, however, they are unable to
distinguish between active and
previous infection and are less
useful as primary diagnostic tools.
Examples of antibody detection
tests include indirect 'fluorescent
antibody (IFA) tests and enzyme
linked immunosorbent assays .
(ELISA).

Tests for detection of malaria anti
gen in blood are also experimental.
These include ELISA and radioim
munoassay (RIA) methods. In ad
dition, researchers currently are
exploring noninvasive methods us
ing urine specimens as indicators
of infection instead of blood or
plasma for antigen detection.

A relatively new parasite detection
test, called the Quantitative Buffy

directions/1 0:1 1990

Coat (QBC) technique, was intro
duced recently and is now com
merciallyavailable. Compared to
thick film microscopy, the QBC
technique is more rapid and often
more sensitive when performed by
well-trained technicians. Disad
vantages include the high cost and
maintenance of equipment includ
ing a specially designed centrifuge,
capillary tubes, and a fluorescence
microscope, and its difficulty in dis
tinguishing different Plasmodium
species. If less costly assay tubes
and fluorescent attachments for
conventional microscopes become
available, the QBC method may
become more practical in regional
and specialized peripherallabora
tories in highly endemic areas.

Potential benefits of these methods
are that, compared to microscopy,
"reader-bias" and quality control
problems could be greatly reduced.
For now, however, microsOcopy
remains the simplest and most reli
able technique for malaria diagno
sis. It is relatively inexpensive to
perform and is ideal for low-volume
laboratories. For other diagnostics
to become useful, particularly at
the peripheral level, they must be
less complex and less dependent
on expensive technology and on
the expertise of available labora
tory technicians.

MALARIA TREATMENT
The goal of chemotherapy is to
eliminate malaria parasites in the
human host, thereby relieving clini
cal symptoms and reducing the
pool of infection from which the
mosquito can transmit the disease.
Different antimalarial drugs act on
different phases of the parasite life
cycle.

Effective treatment of malaria origi
nated in the 17th century with qui
nine, extracted from the bark of the

cinchona tree. Among the syn
thetic antimalarials later intro
duced, chloroquine became the
drug of choice for both treatment
and prophylaxis because it is safe,
reliable, inexpensive, and effective
against all malaria parasite spe
cies.

In the early 1960s, chloroquine
resistant strains of P. falciparum
began to emerge in southeast Asia
and Latin America and, much later,
in parts of Africa. Currently,
chloroquine resistance has been
confirmed or is probable in all
countries with P. falciparum except
the Dominican RepUblic, Haiti,
parts of Central America, the
Middle East, and Egypt (see map,
p. 5). P. vivax resistance to
chloroquine also has begun to
emerge in Papua New Guinea and
Indonesia.

The precise reasons why P.
falciparum Chloroquine-resistant
strains developed are not known.
It is generally agreed, however,
that the widespread use of chloro
quine during the past 40 years both
for prophylaxis and treatment may
have encouraged parasite resis
tance to develop, particularly
where malaria transmission is high.
Incomplete, irregular, or inad
equate chloroquine doses also
may have encouraged resistance.
Finally, human migration probably
has played an important role in the
spread of resistance to new re
gions, partiCUlarly in southeast Asia
and Africa where military opera
tions have occurred and groups
infected with resistant Plasmodia
strains have relocated.

As second-line alternatives to
chloroquine, combinations of
sulfadoxine and pyrimethamine
(Fansidar) or dapsone and
pyrimethamine (Maloprim) have
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Areas of chloroquine resistance and chloroquine sensitivity, 1990.
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Where other drugs are available,
choosing the appropriate regimen
requires a solid understanding of
local malaria epidemiology and the
degree and type of existing drug
resistance. Specific diagnostic cri
teria and referral guidelines also
are important to preserve the effi
cacy of antimalarial drugs and pre
vent severe illness.

Many regions of the world do not
have access to chloroquine alter
natives because of cost and lim
ited availability. WHO therefore
recommends that chloroquine be
used wherever it still has some
clinical bene'fit. In regions where
resistance is suspected and
chloroquine is still being adminis
tered, however, regular monitoring
of parasite density in blood
samples to assess the drug's
effectiveness is encouraged.

Drugs that can be administered
intravenously to 'treat severe
chloroquine-resistant P. falciparum
malaria also are needed. Of the
new drugs, artemisinin may be the
most promising. In addition, halo
fantrine eventually may be avail
able in an intravenous form, but
mefloquine likely will continue be
ing administered orally.

® Chloroquine-resistont
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Unfortunately, current tests are
time-consuming, require technical
expertise, and are not always suit
able for field use. Research is un
der way to develop simplified, rapid
chemical and immunological as
says to measure drug sensitivity
and monitor serum or plasma lev
els of antimalarials to ensure that
proper treatment regimens are be-,
ing followed. Such tests also could
help distinguish between treatment
failure due to noncompliance or
malabsorption as opposed to drug
resistance. The main barriers to
developing simplified tests are cost
and reagent stability under field
conditions. (For information on
drug resistance, see DIREC
TIONS, 3(2),1983.)

both in vivo and in vitro methods.
Testing for resistance has two
main goals: to ensure that appro
priate drug regimens are used and
to monitor the occurrence and .
spread of drug resistance. In vivo
methods require sequential blood
smears before and after treatment
to see if parasitemia is reduced in
response to the drug. An in vitro
microtest kit to detect P. falciparum
sensitivity to various antimalarial
drugs is available from WHO. (See
Materials Available, p. 12.)

In general, drug resistance should
be suspected when acute cases of
P. falciparum malaria do not fully or
rapidly respond to proper treat
ment. or when a resurgence of
symptoms and parasites in the
blood occurs soon after their tem
porary disappearance following
treatment.

New drugs such as mefloquine,
halofantrine, and artemisinin
(which is extracted from the Chi
nese herb, qinghaosu) are now be
ing used in certain regions for treat
ment and prophylaxis and show
much promise. Mefloquine, in par
ticular, appears to be very effective
against bo'th chloroquine- and
Fansidar-resistant P. falciparum
strains. Still, cases of mefloquine
resistance have been reported in
Thailand, the Philippines, and Tan
zania, highlighting the importance
of administering such drugs under
strict control.

Response of malaria parasites to
chemotherapy can be assessed by

Because of increasing chloroquine
resistance, quinine has reemerged
as an important antimalarial drug,
bo'th as an effective alternative to
chloroquine and as an injectable
treatment for severe P. falciparum
infection. Where resistance to
chloroquine and Fansidar are
present, quinine alone and in com
bination with tetracycline may be
used to increase effectiveness.
Unfortunately, resistance to quinine
in some countries such as Thailand
is now being reported.

been used to treat chloroquine-re
sistant P. falciparum strains. Un
fortunately, 'lhese compounds have
been associated with side effects,
and over the last decade resis
tance to both has developed in
many regions around the world.

dlrectlons/10:1 1990
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Prevention

Most malaria prevention methods
focus on four main goals: 1) elim
inating malaria parasites in the
human host; 2) preventing human
vector contact; 3) reducing mos
quito breeding sites; and 4) de
stroying'mosquitos. To achieve
these goals, both personal protec
tion measures and community
measures involving environmental, '
biological, and chemical tech
niques are required.

Elimination of Parasites.
Chemoprophy~axis is used to pre
vent parasite infection in humans
and to suppress clinical symptoms
if infection already has occurred.
Absolute prevention of infection
would require the destruction of
sporozoites soon after they are in
jected into the bloodstream; no ex
isting drug is capable of this.

Drugs such as primaquine and
proguanil eliminate parasites in the
liver cells before they enter the
bloodstream. Chloroquine, when
taken prophylactically over time,
kills parasites in red blood cells,
thereby suppressing symptoms.
Quinine is not taken prophylacti
cally because side effects at pro
tective doses are not well tolerated.

directlons/10:1 1990

Mefloquine recently has been rec
ommended for short-term visitors
to malarious regions, particularly
where chloroquine resistance is
evident.

Recommendations for prophylaxis
depend on local parasite endemic
ity and drug sensitivity, and drug
effectiveness depends on drug
type, timing and regularity of drug
distribution, and the degree of
community coverage.

Chloroquine has been used most
widely for chemoprophylaxis and
treatment because of its effective
ness, low cost, and safety. Mass
chemoprophylaxis wilh chloro
quine in the past, however, likely
contributed to the development of
chloroquine-resistant P. falciparum
strains. Other problems associ
ated with mass chemoprophylaxis
include high cost and distribution
and compliance problems.

For these reasons, mass chemo
prophylaxis with any drug is no
longer recommended for indig
enous populations in endemic ar
eas, except for pregnant women,
especially during first pregnancies
(see box, p. 7). Giving prophylaxis
to young children is controversial
due to concerns that development
of natural immunity will be inhib
ited. Recommendations, therefore,
may vary among regions. Prophy
laxis also is suggested for non
immune travelers.

Vaccine development has been a
priority in malaria research for over
two decades, but it has been a
lengthy and complex process. Ef
fective vaccines are still years
away from being generally avail
able, though cli~ical trials for candi-

date vaccines currently are under
way.

Malaria vaccines are being devel
oped against three stages of the
parasite life cycle, with a particular
focus on P. falciparum malaria due
to its severity and high prevalence.
Vaccines that des'troy the initial
stages of Plasmodia after it enters
the body have progressed the
most. Such vaccine~ would pre
vent sporozoites from developing
after being inoculated into the hu
man host, blocking infection and
preventing clinical disease and fu
ture transmission. Another type of
vaccine targets the asexual blood
stage, blocking the invasion, devel
opment, and spread of merozoites
in. red blood cells. This would not
prevent liver tnfection but would
reduce or possibly prevent illness.
Finally, a vaccine to prevent trans
mission by destroying gametocytes
also is being developed. It would
prevent future transmission but
would not directly protect the vac
cine recipient. Combining these
vaccines eventually may be con
sidered, as each provides pro
tection at different parasite stages.

Even if an effective vaccine can be
developed and distributed, preven
tion and treatment of malaria
should continue to rely on current
integrated primary health care
measures such as chemotherapy,
chemoprophylaxis for special pop
ulations, and mosquito control.

Prevention of Human-Vector
Contact. Several self-protection
techniques exist that, if used con
sistently, can greatly reduce hu
man-vector contact and, in some
cases, destroy the vector. For ex
ample, because Anopheles
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mosquitos tend to feed from dusk
to dawn, bed nets to protect
against mosquito bites while sleep
ing are very use"ful. In recent
years, trials have shown that using
bed nets in malaria-endemic areas,
particularly nets impregnated with
a synthetic pyrethroid (a type of
insecticide) such as permethrin,
can be a safe and effective barrier
between humans and mosquitos.
Some studies indicate that their
use reduces mosquito numbers
and malaria incidence. Even if the
net is damaged or improperly
hung, it still is effective in killing
mosquitos and other disease vec
tors that come in contact with the
net such as flies, lice, and fleas.

Treating nets is simple. Nylonor
polyethylene nets are dipped into a
15-25 liter plastic or aluminum con
tainer filled with 1-2 percent insecti
cide solutio~ (diluted in water). Af-

ter dipping in the solution, the nets
should drip for about one minute
and then be laid flat to dry. They
should be completely dry before
sleeping under them. Treated bed
nets remain effective for about 6
12 months.

Ideally, this form of mosquito con
trol should be implemented at the
village level and integrated into a
comprehensive primary health care
program. Village health workers
can be trained in safe and effective
net treatment. In several provinces
of China, over two million treated
nets are in use, and an 87 percent
reduction in malaria cases in those
areas has been observed. In Viet
nam, bed net use has coincided
with an 80 percent reduction in the
number of reported malaria cases
among the 40,000 people using
them. Still, the wide-scale impact
<;>f correct and regular use of bed

nets on malaria transmission rates·
needs to be assessed further, as
does their acceptability among
various populations. Reducing the
cost of nets and pyrethroid solu
tions to make them affordable to
low-income groups also is essen
tial.

Additional individual measures to
prevent human-vector contact and
reduce vector populations include
impregnating curtains and small
fumigation mats with pyrethroids,
burning coils, applying repellents,
and spraying living spaces. Fumi
gation mats have limited applica
tion as they must be inserted into a
small electric heater to release the
repellent vapor. Mosquito coils
containing pyrethroids also pro
duce a vapor to repel mosquitos
and are used extensively in devel
oping countries. Their effect
iveness varies depending on coil

dlrectlons/10:1 1990
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use is encouraged because of
growing mosquito resistance to in
secticides and because they are
environmentally safe and harmless
to humans and other animals.
These bacillus strains produce a
toxic protein that, when ingested,
kills mosquito larvae. This toxin
can be produced in large quantities
and incorporated into granules,
wettable powders, or floating bri
quets that are used in water sup
plies for domestic or agricultural
use..They are most effective in
conjunction with other control ac
tivities and in regions where breed
ing areas are limited and well
known. Repeated applications are
necessary, as current biological
larvicides have limited effective
ness over time. Other consider
ations include the training and su
pervision of personnel and the
availability and cost of larvicides
and equipment.

Fish that feed on mosquito larvae
also may be effective for biological
control in some breeding habitats.
Larvivorous fish are small, allowing
them to survive and reproduce in
shallow, nonpermanent waters. In
addition to feeding on larvae, some
fish species provide a secondary
bene'fit of reducing rooted aquatic
vegetation and floaling algae, de
stroying mosquito breeding sites
and making it easier for the fish to
prey on mosquitos. Larvivorous
'fish are only effective if present in
large ·nulTtbers, however, and fre
quent inspection is necessary to
ensure that the fish population is
maintained. In India, this form of
vector control has been linked to
economic development. Income
generation projects in several com
munities have introduced both ed
ible and larvivorous fish into local
ponds. Edible fish are harvested
and sold while larvivorous fish
keep the ponds free of algae and

Destruction of MosqUito Vector.
With technical guidance and super
vision from specialists, several
techniques may be used to destroy
the mosquito in both its larval and
adult stages.

Reduction of Breeding Sites.
Draining or filling places around
human dwellings where water col
lects, such as pot holes, small
ponds, ditches, and old cans, and
covering wells or water tanks will
reduce mosquito breeding sites.
This practice is known as source
reduction. Planting trees in low
lying or marshy areas to dry the
land also prevents mosquito breed
ing sites from developing. In addi
tion, careful planning of rural and
urban development projects such
as construction, road-building, irri
gation systems, and well-digging is
critical. Without proper environ
mental management, such projects
often worsen health ri~ks by creat
ing vector habitats, fostering mos-'
quito breeding, and creating new
opportunities for human-vector
contact. Collaboration and com
munication between malaria con
trol programs and other sectors is
crucial.

situating domestic animals such as
cows and sheep between human
dwellings and mosquito breeding
sites may divert mosquitos away
'from human populations, thus re
ducing human-vector contact. This
technique, however, still permits
rhosquitos to thrive.

Biological control methods involve
introducing mosquito pathogens or

_ predators such as bacteria and
~ larvivorous (larvae-eating) fish.

Certain bacterial agents, such as
Bacillus thuringiensis H-14 and Ba
cillus sphaericus, have been used
successfully as .larvicides and are
now commercially available. Their·

Dipping bed nets in insecticide
solution increases their effectiveness.

Installing window and door screen
ing and wearing protective clothing,
particularly after sunset, also re
duces contact with the mosquito.
In addition, selecting a site for new
housing, temporary or permanent,
that is not adjacent to mosquito
breeding sites and improving hous- .
ing construction may protect hu
mans against contact with
mosquitos. Because several
Anopheles species are equally at
tracted to humans and animals,

quality. Repellents such as N,N
diethyltoluamide (DEET) are inex
pensive, long-lasting (up to ten
hours), and effective against biting
insects. They are applied to ex
posed skin (especially neck,
ankles, and wrists) and to clothing
and bed nets for extra protection.
Soap containing permethrin and
DEET currently is being evaluated
in parts of Asia for its insecticidal
properties. Space spraying with
insecticides, usually pyrethrum (a
natural insecticide derived from a
flower), kills mosquitos around
sleeping areas.

directlons/10:1 1990
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especially organochlorines such as
DDT, is very controversial. In
many.countries, the risks are
weighed against the benefits;
where vector-borne diseases like
malaria are still a major cause of
human suffering and death, recom
mendations regarding insecticide
use are more liberal than in other
areas. In general, if insecticides
are deemed necessary, they
should be used focally (Le., near
breeding sites and in major resting
sites, and just prior to major ma
laria transmission seasons) and
accompanied by thorough training,
supervision, and education regard
ing safety. This approach will mini
mize individual and environmental
exposure, reduce costs, and dis
courage the development of insec
ticide resistance. In the meantime,
practices that are more cost-effec
tive and achieve more permanent
effects over time should be advo
cated, such as biological control
methods, environmental manage
ment and source reduction tech
niques, improvements in housing
construction, and changes in indi
vidual behavior.

Case finding and surveillance are important to effective malaria control
programs.

The issue of environmental con
tamination due to insecticide use,

Because insecticides can be haz
ardous both to humans and to the
environment, extreme care should
be taken to ensure their safe use.
The degree of hazard depends on
the insecticide, its concentration
and formulation, method of use
and storage, and the type and ex
tent of exposure. People who mix
undiluted formulas and those who
spray are most at risk. Protective
clothing, such as gloves, boots,
overalls, and a broad-brimmed hat,
is essential when handling insecti
cides. Proper labeling, storage,
and disposal of insecticides also
are critical. (WHO has published
several.reports on insecticide use.
See Materials Available, p.12.)

become more expensive." Never
theless, DDT, as well as other
compounds, is still widely used in
malarious regions. Chemicallarvi
"cides~ such as petroleum oil and

m organophosphate compounds
E (e.g., temephos/abate) also are
« used.,

~:c
~

Larvivorous fish may be used for
mosquito control.

In recent years, problems associ
ated with residual insecticide use
have emerged. Resistance to DDT
and other insecticides has devel
oped in many regions due to their
widespread use in both agricultural
and health programs. Malathion is
unacceptable to many people for
use in their homes due to its smell.
Concerns over environmental con
tamination and long-term toxic ef
fects in humans also have in
creased, and insecticides have

Long-acting (Uresidual'1 chemical
insecticides, such as DDT
(dichloro-diphenyl-trichloroethane)
and malathion, have been the
mainstay of most malaria control
programs for decades. After one
sprayi"ng, residual insecticides re
main effective for six months or
longer. They are most commonly
applied by spraying internal walls
and ceilings on which mosquitos
rest during the day. If spraying is
to have any effect, however, exten
sive coverage is required. Spray
ing only a few houses in a given
community will not affect the vector
population.

mosquito larvae. Other community
projects have removed algae to
facilitate predation of mosquito lar
vae. The algae are then dried and
sold to make handmade paper. In
China, fish are being raised in rice
fields to reduce larval populations.

dlrectlons/10:1 1990
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Control Strategies

A wide range of malaria control
and prevention technologies exists.
Their successful use requires suf
ficient technical and financial re
sources, thorough planning and
evaluation of control operations,
adequate training and health edu
cation, and political commitment.
Laboratory and field research is
also important to solve technical
problems such as drug and in
secticide resistance and to improve
current control strategies.

WHO currently recommends that
countries adapt malaria control
methods to local epidemiological
conditions and establish objectives
that are technically and financially
feasible and sustainable. Before
selecting a strategy,factors such
as local malaria incidence, preva
lence, mortality, and risk groups
should be understood. When pos
sible, information also should be
collected on local mosquito feeding
and breeding behavior; mosquito
species, density, and infectivity;
ecological and seasonal condi
tions; and parasite and mosquito
response to drugs and insecticides.

Whether malaria transmission is
endemic (stable) or epidemic (un-
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stable) is also important to con
sider. Where malaria is epidemic,
incidence varies widely from year
to year or at irregular intervals.
Changes in climate and variations
in the local population's immune
status also influence incidence.
Prompt diagnosis and drug treat
ment, chemoprophylaxis for high
risk groups, and aggressive vector
control measures such as focal
spraying minimize illness and
death during epidemics. Where
malaria is endemic, transmission
rates are more or less constant
over long periods of time, though
seasonal variations can occur.

Eradication is very difficult in en
demic areas. Where transmission
rates are high and partial immunity
is prevalent, short-term control
methods such as space spraying
and mass drug administration
should be used cautiously as they
may result in loss of immunity,
leaving the population vulnerable
to malaria epidemics.

All control programs should be able
to promptly diagnose and manage
severe clinical malaria cases; rec
ognize, evaluate, and monitor
parasite resistance to drugs; estab
lish information systems to monitor
transmission patterns at the periph
ery; recognize and manage epi
demics; prevent and control trans
mission; and support and guide
field research. Evaluation of con
trol operations is particularly im
portant, but it must target each
country's goals (e.g., reduced mor
tality and morbidity, improved diag
nosis). Most programs maintain
surveillance systems 'lhat carry out
case-finding based on blood ex
aminations of fever cases. Periph
erallaboratory facilities are impor-

tant for improved surveillance, as is
mandatory case notification and
referral at all levels. Studies also
may be important to assess the
impact of vector control measures
on mosquito populations, including
mosquito susceptibility to insecti
cides. In Thailand, static and mo
bile rural malaria clinics have been
established that offer immediate
microscopic diagnosis and effec
tive treatment at no cost. Although
Thailand's program faces chal
lenges such as increased parasite
resistance to several drugs, it has
been very successful in monitoring
transmission patterns and reducing
malaria morbidity and mortality
among remote populations.

Integrated Control. A single con
trol strategy is unlikely to be appro
priate for an entire country. There
fore, dividing a country or region
into zones of similar climatic, topo
graphical, or other physical charac
teristics when planning and imple
menting interventions may be
helpful. WHO also advocates com
bining complementary environmen
tal, biological, and chemical meth
ods C'integrated vector control'1
within each region, instead of rely
ing on a single approach. Combin
ing methods is more cost-effective
and helps prevent the development
of insecticide resistance. For ex
ample, Indonesia's malaria control
program includes case detection
and treatment; indoor residual
spraying with insecticides; biologi
cal control with larvivorous 'fish;
various environmental techniques
such as tree-planting and drainage;
and bed net use.

Community Involvement.
Ideally, integrating malaria control
into the primary health care system
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MALARIA CONTROL MEASURES

Goal Individual Measures Community Measures

Prevention of human-vector · Repellents • Site selection of housing
contact · Impregnated bed nets • Window and door screening

· Protective clothing • Vegetation clearance
• Window door screening · Improved housing construction
• Coils

- · Fumigation mats

Destruction of adult vector • Interior house spraying · Interior house spraying

· Residual spraying

Destruction of larvae • Improved domestic sanitation · Biological larvicides
• Intermittent drying of water containers · Larvivorous fish
• Covering of water catchments and wells · Intermittent drying

Reduction of breeding sites • Small-scale filling or drainage • Collaboration with other sectors to
improve:
- irrigation practices
- environmental sanitation
- water management
- natural methods of control

(e.g. tree planting)

Destruction of parasite • Prompt recognition of symptoms and referral · Public education about symptoms
for diagnosis and treatment · Establishment of village health centers

• Chemophrophylaxis for special populations · Education of health workers on referral
(e.g., pregnant women) and initial treatment of severe cases

· Establishment of prenatal clinics

Adapted from Essential Malariology, by L. Bruce-Chwatt

enhances community participation
in malaria control and strengthens
peripheral health services. Com
munity participation is especially
important for long-term effective
ness of malaria control programs.
Communities can take responsibil
ity for local control measures, in
cluding drug delivery, vector con
trol, and personal protection.

Greater community involvement
requires that health education and
training be conducted. Community
members need training to recog
nize specUic malaria symptoms.
Where private sources of malaria
drugs'areavailable, education of
pharmacists and the public is nec
essary so that only appropriate
drugs are used and complete
courses of drugs are taken. Post
ers, slides, and films can be pre
sented to adults and schoolchil
dren. Guides and manuals should
be provided to schoolteachers,
community leaders, and hea~h

workers. In various endemic re
gions in India, for example, vector

control activities are an important
part of community development.
Integrated control methods in some
villages include organizing labor
groups to eliminate mosquito
breeding sites through drainage
and filling; introducing larvivorous
and edible fish; planting trees in
low-lying marsh areas to dry the
land and discourage mosquito
breeding; health education, includ
ing lectures in schools and commu
nity centers; and chemotherapy of
parasite-positive cases.

CONCLUSION
Malaria continues to be one of the
most devastating tropical diseases
in the world, with nearly 2.1 billion
peopie at risk of infection. Eradica
tion efforts have failed in most re
gions due to a variety of biological,
ecological, and other technical fac
tors, including drug and parasite
resistance.

Despite these setbacks, research
ers remain committed to develop
ing and introducing alternative

technologies such as new anti
malarial drugs and more efficient
diagnostic techniques. Vector con
trol technologies that are more en
vironmentally sound and cost-ef
fective also are being investigated.
In addrlion, while important ad
vances such as vaccine develop
ment have not been achieved yet,
alternative control strategies using
both new and previously existing
diagnostic, treatment, and preven
lion technologies in more effective
ways are being tested.

It is now clear that combining tech
nologies, rather than relying on a
single approach, is necessary to
control malaria successfully and
will help limit further development
of drug and insecticide resistance.
Local conditions affecting malaria
transmission also must be under
stood. With this knowledge, and
with individual, community, and na
tional commitment to controlling
the disease, significant reductions
in malaria morbidity and mortality
eventually may be achieved.

dlrectlons/10:1 1990



12

Materials Available.

D

WHO·has produced a wide range of
publications on malaria and its control,
some of which are-listed below. For a
complete list and ordering information,
write: WHO, Malaria Action Pro
gramme, CH 1211 Geneva 27,
Switzerland, or to WHO regional
offices.

For general reviews of malaria and its
diagnosis, treatment, and control,
consult: WHO Expert Committee on
Malaria, Eighteenth Report; Clinical
Management of Acute Malaria,
Second Edition; Chemotherapy of
Malaria, Second' Edition; and The
Biology of Malaria Parasites.

D
WHO publications on vector control
include: Vector Control as Part of
Primary Health Care; Integrated
Vector Control; Safe Use of
Pesticides; Manual on Environ
mental Management for Mosquito
Control, with Special Emphasis on
Malaria Vectors; and The Use of
Impregnated Bed Nets and Other
Materials for Vector-borne Disease
Control.

D
Bench Aids for the Diagnosis of
Malaria, a set of 8 washable, plastic
charts depicting the four Plasmodia
species in thin and thick blood
smears, are also available from the
WHO Malaria Action Programme. The

A Practical Guide to the Correction
of Iodine Deficiency, an easy-to-read
manual produced by the International
Council for Control of Iodine Defi
ciency Disorders, is available at no
cost from regional WHO and UNICEF
offices.

II
The Norwegian Association of the
Blind and Partially Sighted has
published Eye Care Programmes In
Developing Countries. This compre
hensiv9 manual is available at no

directlons/10:1 1990

charts provid~ technical information
on how to stain and prepare blood
samples and how tocare for labora
tory equipment used in "microscopic
malaria diagnosis.

D
WHO has developed an in vitro
microtest kit to test P. falciparum
sensitivity to various antimalarial
drugs as parfof its global drug:
resistance monitoring~programme.
For more information; c~ntact the

, WHO Malaria Actf6ri}~rogr~mn'\e:

-D~":;'· ';'~"_'J'~\:
. ,

• .r,

'-Breaking the Pesticide- Ha.~lt: .
Alternatives 1012 Hazardous
Pesticides, published by the' ~: :..: .

Int~rnational Alliance for;Su~taln'~b'~~
Ag~iculture (IASA), revjew~:_12j'widely
used pesticides, including theirhealtf1::"
and environmental effects, and ' .
recommends possible aiterna~iv~s. it' ->.
costs US$20 for individuals, $27 for .
institutions, and $15 for IASA .
members. For ordering information,
write: IOCU Regional Office for Asia
and the Pacific, P.O. Box 1045,
10830 Penang, MALAYSIA, or IASA,
Newman Center, University of
Minnesota, 1701 University Ave.,
N.E., Minneapolis, MN 55414, USA.

D
A bibliography on malaria is available
from PATH.

charge to developing countries from:
Director, Norwegian Church Aid, P.O.
Box 52802, Nairobi, Kenya.

Guidelines for the Control of
Maternal Nutritional Anemia is now
available free of charge to developing
countries (US$ 3.50 to developed
countries) from: INACG Secretariat,
The Nutrition Foundation, Inc., 1126
Sixteenth Street, N.W., Washington,
D.C. 20036, USA.
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Anesthesia

Anesthesia is essential to deliver
ing safe, effective surgical ser
vices at all levels of the health
system. Without adequate anes
thesia, surgery can be painful and
dangerous for the patient and diffi
cult for the surgeon.

Much of the surgery in developing
countries is due to preventable
complications of common condi
tions. Unfortunately, surgery often
is delayed for many reasons, in
cluding poor anesthesia services.
The results are premature death,
disability, or reduced ability to
earn a living or care for a family.

Three types of problems affect
anesthesia. First, many countries

General Anesthesia

Volume 10, Number 2

do not have enough trained per
sonnel such as specialist physi
cians, nurse anesthetists, and
medical officer anesthetists. Sec
ond, essential anesthetic drugs
are unavailable or in short supply.
Finally, the equipment necessary
to administer anesthetics and
monitor patients undergoing sur
gery may be inappropriate for the
setting in which it is used, poorly
maintained, not compatible with
other pieces of equipment, or de
pendent on expensive consum
able parts.

One promising, recent step to
wards solving these problems is
the improvement of the portable
oxygen concentrator. Several

Regional Anesthesia

ISSN: 0730-8620

models that meet the new World
Health Organization/World Fed
eration of Societies of Anesthesi
ologists standards are currently
being tested. The oxygen concen
trator's ability to provide a local,
reliable, inexpensive, and readily
available supply of oxygen has the
potential to improve anesthesia
services dramatically even in the
most economically deprived coun
tries.

The first two sections of this
DIRECTIONS issue describe
equipment and drugs for general
and regional anesthesia. The third
section reviews personnel and
management issues related to an
esthesia service delivery.

Managing Anesthesia Services

1990
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General Anesthesia

General anesthesia is used for
both major and minor operations.
Under general anesthesia, the
patient becomes unconscious and
unable to feel pain in any part of
the body. Muscle relaxant drugs
may be used so that certain kinds
of surgery are possible, and the
patient must have a clear airway
for breathing before general
anesthesia is given. Drugs for
intravenous administration and
equipment to assist or control
breathing also must be immedi
ately·available.

The anesthetizing process usually
occurs in four stages: premedica
tion, induction, maintenance, and
recovery. Premedication may in
clude sedation to relieve anxiety
and use of the drug atropine to
make some procedures safer.
The need for eHher sedation or
atropine, or both, depends on the
patient's mental and physical con
dition and the type of anesthesia
used. Induction involves adminis
tering an anesthetic drug. This
stage is complete when the patient
is sufficiently anesthetized to un
dergo surgery. Induction occurs
either by inhalation of a mixture of
anesthetic gases or by intrave
nous injection of a drug to depress
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the central nervous system. Intu
balion, the insertion of an airway
through the nose or mouth into the
trachea, may be done at this point.
Intubation provides a clear airway
and prevents aspiration of stom
ach contents. It is usually done in
conjunction with a short-acting
muscle relaxant drug. Mainte
nance of unconsciousness and
pain relief during the operation can
be done by inhalation alone, by
intravenous injections'alone, or by
either of these two in combination
with a long-acting muscle relaxant.
Since muscle relaxants cause pa
ralysis of the respiratory muscles,
the anesthetist must be able to
ventilate the patient using a me
chanical ventilator. Appropriate
drugs for reversing the paralysis at
the end of the operation also must
be available. Lastly, during the
recovery stage the anesthetic ef
fect wears off and the patient re
gains consciousness.

EQUIPMENT
The most important piece of
equipment required for inhalational
anesthesia is a machine to mix the
anesthetic agent with a carrier gas
and deliver it to the patient. A va
riety of intravenous apparatus and
breathing equipment is also nec
essary. The type of inhalation
machine that should be used,
however, has been debated exten
sively in many developing coun
tries. Two types currently exist:
the drawover system and the con
tinuous How system.

Drawover systems use ordinary
room air as the carrier gas for the
anesthetic agent. The gas mixture
is pulled through the system either
by the patient's own breathing or,
if the patient has been paralyzed
by muscle relaxants, by means of

a bag (or bellows) controlled by
the anesthetist. Oxygen can be
added to the mixture if needed.
The system consists of two parts,
a vaporizer and a breathing sys
tem connecting the vaporizer and
the patient. The vaporizer trans
forms the liquid anesthetic to a va
por for inhalation, adding a con
trolled portion of the vapor to the
mixture. The breathing system is
comprised of tubes, valves, con
nectors, self-inflating bags, and
either a face mask or a tracheal
tube through which the patient
breathes the anesthetic gas/air
mixture.

The standard drawover apparatus
is the Epstein-Macintosh-Oxford
(EMO), which is simple and sturdy
and has been tested in many
countries. Its main drawback is
that it can only be used with ether.
The Oxford Miniature Vaporizer
(OMV) is another useful model. It
can be used with halothane, iso
f1urane, or trichloroethylene by us
ing different calibrated faceplates
to "dial up" the correct concentra
tions of the different anesthetics.
The OMV is frequently hooked up
in series with the EMO, so that, for
example, the palient may be in
duced with halothane and main
tained with ether. It is also the ba
sic component of the drawover
Triservice apparatus. The OMV's
main disadvantages are that the
faceplates may be mixed up, re
sulting in the delivery of the wrong
drug concentration; atemperature
compensation mechanism to en
sure the correct concentration of
halothane regardless of any cool
ing during the vaporization pro
cess does not exist; and the anes
thetic agent may spill into the
breathing system tubing if the va
porizer is tipped over. In addition,
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INHALATIONAL ANESTHESIA EQUIPMENT

System Advantages Disadvantages

Drawover (e.g., • Simple to understand and operate • Non-rebreathing valve uses more anesthetic gas
EMO,OMV, • Uses room air so less need for oxygen than circle system
Trlservice, PAC, • Easy to maintain and repair • If ether is used with oxygen, must take precautions
Afya) • Less expensive to purchase to avoid explosion

• Safer, if oxygen supplies are uncertain • Additional supply of oxygen is needed for patients
• Rugged and reliable with certain medical conditions (e.g., anemia) and

when using certain anesthetic drugs (e.g.,
halothane)

Continuous Flow • Flow meter allows more accurate regulation of gas • Requires compressed oxygen - dangerous if
(Boyle's) mix supply runs out during anesthesia

• Easier to use with infants • Usually used with nitrous oxide - expensive
• Easy to provide extra oxygen when necessary • More complex to operate and maintain
• Easier to monitor breathing • Needs special facilities for servicing
• Mask leaks are less important • Expensive to purchase
• If circle breathing system is used, uses less gas • Circle breathing system requires soda lime

Table 1

thymol, which is added to halo
thane to stabilize it, tends to accu
mulate in the vaporizer and make
the control lever stick. To avoid
this, the vaporizer should be
rinsed out periodically with ether.
The PAC system has vaporizers
for ether, halothane, trichlorethy
lene, and enflurane. It has an effi
cient temperature compensation
device, is durable and reliable,
and is not significantly affected by
shaking, tilting, or overturning.

Continuous How machines (also
known as Boyle's machines) are
more complicated than drawover
systems. Instead of using room
air to carry the anesthetic vapor to
the patient, they use compressed
oxygen and nitrous oxide. Posi
tive pressure from the compres
sion of the gases within the cylin
ders, rather than the patient's own
breathing, pushes the gases
through the system to the patient.
If the patient is paralyzed, the an
esthetist uses a reservoir bag to
assist breathing. Nitrous oxide is
an anesthetic as well as a carrier
gas, but it is not very powerful.
Thus, continuous flow systems

always contain one or more vapor
izers so that other anesthetics
may be added. Breathing systems
may be semi-open, as in drawover
systems, or closed. In a circle
(closed) system, the gases go
continually around a loop, and
soda lime absorbs the exhaled
carbon dioxide before the patient
rebreathes it. Table 1 summarizes
the relative advantages and disad
vantages of the two systems.

Attempts have been made to de
sign machines that can be
switched from drawover to con
tinuous flow. The only recent
commercial effort to do this is tak
ing place in Malawi as part of a
larger program supported by
DANIDA. A portable oxygen con
centrator has been adapted to
supply air and oxygen through a
pipeline to a combination continu
ous flow/drawover machine. Cer
tain problems remain, but the con
sensus of those who have used
the new machine is that it is a
promising innovation.

Despite the apparent technical ad
vantages of drawover systems in

some settings, continuous 'flow
machines continue to be widely
used and preferred by many an
esthetists. Factors having little to
do with either medicine or technol
ogy have affected the continuous
flow versus drawover debate. For
example, specialist anesthetists
who have studied abroad may in
sist on using continuous flow ma
chines in the teaching hospitals
where they work. Generally, phy
sicians and many non-,medical
personnel are trained first on con
tinuous flow systems and only
secondarily on drawover systems,
regardless of the type of system
used in their hospitals. Economics
also plays an important role.
Countries that have purchased or
been given continuous flow sys
tems are finding it difficult to main
tainthem, yet they cannot afford to
purchase new drawover equip
ment. Often this problem is com
pounded by administrative difficul
ties in obtaining approva.l and
foreign exchange. Donors also
have supplied equipment, often
without considering whether it
can be reliably operated and
maintained.
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The most important point in this
debate is that this technology must
be matched to the country. Con
tinuous flow machines are useful
and appropriate for countries that
manufacture oxygen, have reliable
transport and supply systems, are
able to do repairs locally, and
have adequate foreign exchange
to purchase spare parts, soda
lime, and nitrous oxide. Countries
that experience difficulties in one
or more of these areas are better
served by using drawover systems
instead.

INHALATIONAL AGENTS
No single anesthetic drug provides
a gentle, easy passage into un
consciousness, is completely
safe for both the anesthetist and
the patient, and creates optimal
operating conditions for the sur
geon. Instead, a combination of
drugs and methods is usually re
quired. The drugs most commonly
used with drawover systems are
ether and halothane. A third drug,
trichloroethylene, has been used
for many years and stocks of it
still exist, but its production has
been discontinued for economic
reasons. Chemical-reagent tri
chlorethylene is still widely avail
able.

Ether, used for many years, has
several advantages. It provides
excellent pain relief, muscle relax
ation, and unconsciousness. It
stimulates breathing and blood
circulation and thus is the safest
anesthetic for personnel with lim
ited skills to administer. Finally, it
is widely available and inexpen
sive. Combining ether with other
drugs for induction and muscle
relaxation is cost-effective and de
creases the incidence of nausea
and vomiting.

Ether also has several disadvan
tages. First, the induction stage is
long (at least ten minutes), which
is unpleasant for the patient, diffi
cult for the anesthetist, and ineffi
cient when surgeons are faced
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with long operating lists. When
high concentrations of ether are
used, recovery is slow. Problems
with vomiting and airway obstruc
tion may occur. Under certain
conditions, ether is both flam
mable and explosive. In hot cli~

mates, special precautions must
be taken to avoid sparks and
combustion. It is highly volatile
and may partially evaporate in
.botlles during transport. Medical
ether is produced in England, In
dia, and Italy. Manufacturers,
however, are limiting production
as use declines in industrialized
countries and profits decrease. It
is unlikely that medical ether·will
disappear from the market, but it
may become more expensive.

Halothane is very widely used in
both developed and developing
countries, but it is more expensive
than ether. It is also a poor anal
gesic and may cause severe car
diorespiratory depression. Be
cause it is more potent than ether,
dosages must be precise, and '
more skill is needed to administer
it. Nevertheless, induction and
recovery are much faster and
more pleasant, and less of it is
required. Halothane is normally
used in conjunclion with ether or
nitrous oxide, a combination that
is quite cost-effective. It is neither
'flammable nor explosive, and it is
not as volatile as ether. Two
newer inhalational agents-en
'fIurane and isoflurane-are similar
to halothane. They are used in
some countries and have certain
medical advantages, but they are
also expensive, not substantially
better than halothane, and require
their own calibrated vaporizers,
which are costly.

Nitrous oxide, used in continu
ous flow machines, is a strong an
algesic and relatively nontoxic.
However, it must be used with
other drugs because, used alone,
it does not provide sufficient
muscle relaxation or unconscious
ness. 'Other disadvantages oJ ni-

trous oxide are that it is expensive,
it is not manufactured in many
countries and thus has to be im
ported, and transport of the cylin
ders is difficult due to their weight
and bulk.

Oxygen is very important in the
practice of anesthesia and, at
times, saves lives. Oxygen is
manufactured in many countries
for both industrial and medical pur
poses. Industrial grade oxygen is
safe for use in anesthesia and
may be less expensive than medi
cal grade. Some'iarge hospitals
use liquid oxygen, but it is usually
supplied as a compressed gas in
cylinders. These cylinders either
can be attached to a particular
machine in use or can be part of a
central bank of cylinders from
which the oxygen is piped to oper
ating and recovery rooms. In
more-industrialized developing
countries such as India, Mexico,
and Thailand, oxygen cylinders
are widely available, although less
so in rural or isolated areas.

In many less developed countries,
chronic financial and logistical
problems hinder maintenance of
adequate and reliable supplies of
oxygen. It may have to be im
ported, or equipment for local pro
duction may be old and subject to
frequent failure. Cylinders of oxy
gen are dinicult to transport, espe
cially where roads are poor and
transport is unreliable. Transpor-'
tation to distant rural hospitals can
as much as quadn.lple a cylinder's
cost. Advance planning by hospi
tal staff, so that trucks are sent for
resupply on a regular schedule
and with an adequate number of
cylinders, is essential. When pos
sible, adequate buffer stocks
should be kept in case of delivery
delays or other emergencies.

One promising new technology
that may help avoid these prob
lems and ensure a more reliable
supply of oxygen for rural hospi
tals is the portable oxygen



concentrator. These devices ex
tract oxygen from room air. The
only cost is for the electricity re
quired to run them and for the re
placeable filters.

Until recently, their use in develop
ing countries was limited due to
problems with electricity, climatic
conditions, and unreliability. In the
last five years, however, many of
these problems have been over
come, and in 1989 the World
Health Organization (WHO) and
the World Federation of Societies
of Anesthesiologists (WFSA)
jointly drafted a set of specifica
tions for the manufacture of oxy
gen concentrators appropriate for
use in developing countries.
These specifications have been
officially adopted by WHO. Three
different manufacturers are cur
rently testing models built to the
specifications; results are ex
pected in 1991.

MUSCLE RELAXANT DRUGS
In addition to inhalational agents,
muscle relaxant drugs are needed
to facilitate intubation, induction,
and abdominal surgery. Those
most commonly used are suxa
methonium (succinylcholine,
Anectine, Scoline), pancuronium
(Pavulon), gallamine, alcuronium,
and tubocurarine. Suxamethon
ium is a short-acting relaxant
mainly used for intubation. In hot
climates, it is best to purchase it
as a heat-stable powder rather
than as a liquid. The other drugs
are long-acting relaxants used
during operations and lasting ap
proximately 30 minutes per dose.
Alcuronium is a good general pur
pose relaxant that is heat stable
and relatively inexpensive.

OPIATE ANALGESICS
These drugs provide pain relief
during and after surgery. Mor
phine and Demerol, also known as
pethedine, are the most frequently
used opiates. Both are quite pow
erful and may depress respiration.
Therefore, they need to be given
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slowly with careful monitoring.
Naloxone and nalorphine are opi
ate antagonists that reverse respi
ratory depression. Nalorphine is
cheaper but more dangerous; it
may cause respiratory depression
if too much is given. Diazepam
and pentobarbital are tranquilizers
that often are used to relieve anxi
ety prior to general anesthesia.
Both can be given orally or by in
tramuscular injection.

INTRAVENOUS ANESTHETIC
DRUGS
Intravenous general anesthesia is
achieved by injecting one of two
types of drugs, which act as cen
tral nervous system depressants,
into a vein. These anesthetic
agents work quickly, an advantage
when operating lists are long. Un
like inhalational anesthesia, whose
effect can be discontinued
promptly if necessary, intravenous
anesthesia cannot be removed or
its effects altered once the drug
has been injected. Thus, because
it is relatively easy to give an over
dose or stop a patient's breathing,
intravenous doses should be pre
cisely calculated, and equipment
for suction, ventilation, and
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intubation must be instantly avail
able. Intravenous anesthesia is
best used to provide a quiCk, com
fortable, and easy induction, fol
lowed by the administration of in
halational anesthesia to maintain
the anesthetic effect. It also is
used for short procedures such as
dressing burns or reducing frac
tures.

One type of intravenous anes
thetic is the drug ketamine, also
known as Ketalar. Ketamine was
first introduced in the 1970s. It
differs from other general anes
thetics because it produces a
trance-like state called udissocia
tive anesthesia" in which the
patient's eyes may be open but
the patient is unconscious, feels
no pain, and will not remember the
anesthesia or the operation. Al
though no anesthetic is completely
safe, ketamine is one of the safest
because the dose range is wide,
making overdoses rare, and most
patients continue to breathe well
and keep some normal pharyngeal
and laryngeal tone. Due to its
safety, ease of administration, and
amnesiac qualities, ketamine is an
extremely useful drug in many dif
'ficult circumstances. In particular,
it has made pediatric anesthesia
much easier and less dangerous.
Children's anatomical and physi
ological characteristics require the
use of special breathing apparatus
when using inhalational anesthe
sia. This equipment often is not
available. Thus, if supplies are
limited, many anesthetists recom
mend saving ketamine exclusively
for children. It is also useful for
adults, especially for patients with
complicating conditions such as
asthma and in short-staffed hospi
tals without a specialist anesthetist
or where nurses may not be avail
able for proper monitoring of re
covering patients.

The main medical disadvantages
of ketamine are that the patient's
muscles do not relax, it causes
blood pressure to rise, and some
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adult patients may experience
hallucinations during recovery.
These hallucinations can largely
be controlled by administering in
travenous diazepam and by allow
ing the patient to recover in a
peaceful environment. Due to this
side effect, though, ketamine is
not generally appropriate for out
patients.

Ketamine has been expensive and
its availability limited. The price is
now decreasing because the
patent has expired. For short
procedures, ketamine may be
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more cost-effective than ether, the
cheapest general anes'lhetic,
because more ether is needed to
achieve the same anesthetic
effect.

Barbituates are the second type of
intravenous agent. Thiopental, a
short-acting barbituate, has been
used for many years as a standard
induction agent for balanced
general anesthesia. It takes effect
within 30 to 40 seconds of injec
tion and produces sleep but does
not provide pain relief or muscle
relaxation. Thiopental is a danger-

ous agent, with possible side
effects of depressed breathing,
decreased blood pressure, and
weakened airway reflexes so that
a patient may vomit or regurgitate.
Thiopental, also known as
thiopentone or Pentothal, is sold
as a powder. It must be dissolved
in sterile distilled water or saline to
make an injectable solution.
Although slightly more expensive,
purchasing thiopental in single
dose rather than multidose
ampoules is recommended to
lessen the risk of contamination
during reconstitution.
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Regional (or conduction) anesthe
sia is the second major type of
anesthesia. Unlike general anes
thesia, the loss of sensation is
confined to one part of the body,
and the patient is conscious during
'lhe operation. Locally acting
drugs are injected around specific
nerves, anesthetizing nerve fibers
and nerve endings and blocking
passage of nerve impulses before
they reach the central nervous
system. Regional anesthesia
sometimes fails completely or
partially, so the anesthetist must
confirm that the patient cannot
feel pain before surgery is initi
ated.

Regional anesthesia is a generic
term for several different proce
dures. In topical (or surface) an
esthesia, the anesthetic is applied
to the mucous membranes. It is
used to assist in intubation or for
procedures such as minor eye or
nose surgery. In local infiltration,
a drug is injected directly into the
painful area or surgery site. It can
be used by itself, for example for
suturing wounds, or with a nerve
block, for operations such as ce
sarean sections. For regional
nerve blocks, the anesthetic is in
jected some distance 'from the site

of the operation to interrupt nerve
transmission to that site. Regional
blocks can be used either alone
or with general anesthesia. Com
bining methods reduces the
amount of general anesthetic
needed and allows a more rapid
recovery. It also provides postop
erative pain relief and is more
cost-effective.

Spinal (subarachnoid) and epi
dural anesthesia are used for ab
dominal, pelvic and lower limb sur
gery, and for maternity cases. In
both, a small volume of concen
trated local anesthetic solution is
injected to anesthetize the spinal
nerve roots. The major differ
ences between the two methods
are the depth of the injection site
and the dose. Epidural anesthesia
uses a volume of solution 5 to 10
times larger than spinal. In some
areas, it is used less widely be
cause it is a more difficult tech
nique, and specially designed
catheters are often not available.
In China, however, epidurals are
frequently used and are often per
formed by nurse anesthe'lists.

In many situations, regional anes
thesia is cheaper and more practi
cal than general anesthesia.
Equipment (which includes spinal
and epidural needles of various
sizes, syringes, and epidural cath
eters) is simpler and less expen
sive. Equipment for resuscitation
and artificial ventilation, however,
is just as essential as for general
anesthesia, and intravenous fluids
always should be available. Re
gional anesthesia is also cost-ef
fective. It is a useful technique for
a general physician working with
out a specially trained anesthetic
assistant because the doctor can
administer the anesthetic. An as-

sistant should be available, how
ever, to monitor blood pressure
and other vital signs. Another ad
vantage is that the patient is con
scious and can cooperate with the
surgeon's instructions. Because
the patient breathes normally and
larynx and pharynx reflexes are
preserved, the risks of an ob
structed airway or of aspiration of
stomach contents are lessened.
This makes it an excellent method
for emergency cases. Because
recovery time is short, regional
anesthesia also frees up hospital
beds and supplies.

The main medical dangers of re
gional anesthesia are hypotension
and respiratory arrest. It is also
less reliable than general anesthe
sia. Even the most expert practi
tioner will sometimes have a failed
or incomplete block and must be
prepared to supplement the block
with intravenous analgesia, to use
general anesthesia, or to postpone
surgery. Correct needle place
ment and sterilization are essen
tial. Because the patient is con-

. scious, it is not usually a suitable
method for children or an uncoop
erative or anxious adult. Regional
anesthesia must not be used if an
infection surrounds the injection
site. All local anesthetic drugs
have some side effects.

Local anesthetics come in pre
mixed and powdered forms. The
most widely used regional anes
thesia drugs are lidocaine (ligno
caine, xylocaine), with or without
adrenaline (epinephrine), and
bupivacaine. "Heavy" lidocaine or
bupivacaine is used for spinals.
Procaine is also still widely avail
able and cheap, but it is not as ef
fective for some blocks. Bupi
vacaine costs about four times as
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much as lignocaine and is not as
widely available. Other drugs
sometimes used are dibucaine
(cinchocaine). mepivacaine. and
prilocaine.

Since all local anesthetic drugs
are toxic. doses must be limited.
The total maximum safe dosage
varies according to the drug cho
sen. its concentration in solution.
the anesthetic technique used.
and the patient's weight and
physical condition. For example,
for a 3 kilogram infant, the toxic
dose of 1% lidocaine is 1.2 rnl.

The length of time an anesthetic is
effective is related to how long it is
in contact with nervous tissue.
When an anesthetic is injected,
some of it is fixed locally, while the
rest is absorbed in the blood and
carried to other parts of the body.
A vasoconstrictor drug (which
constricts blood vessels) often is
added to a lignocaine solution to
slow down solution absorption
and decrease side effects. This
also lengthens the anesthetic's
effectiveness. The most com
monly used additive is epineph
rine. Epinephrine solutions can
not be used for procedures such
as intravenous regional anesthe
sia or operations on the digits or
penis.

For local infiltration and for nerve
and field bl~cks, the following
equipment is needed: needles in
a range of sizes; plastic syringes
that can be autoclaved; and, for
dental procedures, double-pointed
dental hypodermic needles and
dental cartridge syringes.
Needles should be kept sharp
ened to reduce pain to the patient.
and syringes should have Luer
lock fittings to prevent the syringe
and needle from coming apart.
Spinal and epidural anesthesia
requir~ syringes, special spinal
and epidural needles, and epi
dural catheters and/or epidural
catheter tubing. A Sise introducer
can be useful for spinal injections
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as it allows the anesthetist to use
a very thin spinal needle, thus pre
venting excessive leakage of cere
brospinal fluid. Most anesthetists
advocate using 25 to 26 gauge
needles with a stylet. A recent re
port from Uganda emphasized the
importance of appropriate equip
ment, stating that epidurals were
not possible because catheters,
needles, and syringes were not
available.

If disposable equipment is not
available or affordable, both the

biological and the chemical sterility
of reusable equipment, such as
needles, must be ensured. Using
equipment that is not sterile may
result in severe complications
.such as meningitis. For biological
sterility, equipment must be auto
claved as boiling is not sufficient.
To avoid chemical contamination,
needles and syringes should not
be stored in antiseptic.solutions or
cleaned with any sort of cleaning
solution. All equipment should be
rinsed with sterile water before
autoclaving.
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Managing Anesthesia Services

Three major problems slow the
development of safe and sustain
able anesthesia services in devel
oping countries: drug shortages;
lack of appropriate, functioning
equipment; and lack of trained
medical and non-medical anesthe
tists. Basic management strate
gies can enhance services without
adding greatly to the costs.

Drug Supplies. The heavy reli
ance of most countries on im
ported drugs creates several prob
lems. For instance, inadequate
drug budgets are further limited by
competition for scarce foreign ex
change. Drug transport and stor
age costs raise prices and in
crease the risk of deterioration.
Furthermore, the variety of drugs
available is limited by the need to
purchase in bulk, and govern
ments must find reliable local sup
pliers who will not sell expired or
adulterated drugs. Some of the
poorest countries rely heavily on
drug donations, which are some
times inappropriate, outdated, or
no longer in use in industrialized
countries.

Drugs may vary widely in price
among different countries and
suppliers. One recent survey of

18 Latin American countries found
prices 2.5 to 30 times higher for
the same item. The higher prices
were found in 'the poorer counlries
within the same geographic area.
New drugs are actively promoted
by companies and are often more
expensive than existing drugs.
Only occasionally do they warrant
their additional cost, although
ketamine and halothane clearly
do. Essential drug lists can help
countries select the most cost
effective drugs; a 1987 anesthesia
conference in Addis Ababa, Ethio
pia emphasized that such lists
should be used by all hospitals
and ministries. For certain basic
drugs such as lignocaine and epi
nephrine, UNICEF is a reliable
and low-cost supplier. Charity
hospitals can order ketamine and
certain other drugs very cheaply
'from the British organization
ECHO (Equipment to Charity
Hospitals Overseas). Buying
drugs in bulk and repackaging for
in-country distribution is more eco
nomical if a drug comes in powder
or tablet form, but opportunities for
improper storage, mislabeling,
contamination, and theft are
greater.

Within many countries, distribution
is a serious problem. Large, cen
tral hospitals often consume 500/0
or more of the drugs purchased,
leaving provincial and district hos
pitals chronically short. Within
hospitals, the single most impor
tant area for improvement is better
communication between the anes
thetist and the pharmacy so that
both know which drugs are
needed each day, which are avail
able, and which supplies are run
ning short. Transportation and
refrigeration problems were noted
earlier.

EquIpment Maintenance. A sec
ond major problem with anesthe
sia services is how to obtain
strong, reliable anesthetic equip
ment appropriate to local circum
stances and keep it in working
order. In many countries, partic
ularly in sub-Saharan Africa and
the Pacific Islands, expensive an
esthetic equipment remains un
used and in disrepair because per
sonnel trained in maintaining the
equipment are not available, or
necessary or consumable parts
are missing. Improvised repairs
can be dangerous for the patient.

Equipment-related problems fall
into three categories: inappropri
ate choice of equipment, lack of
standardization, and inadequate
provision for maintenance. Inap
propriate equipment may be cho
sen because of a desire for techni
cal sophistication. In addition,
purchasing officers may not have
the necessary technical back
ground to choose appropriate
equipment. Donors don't always
consider complications such as
the cost of ancillary disposable
parts or the effect of irregular
power on delicate electrical equip
ment. Finally, purchasing deci
sions may be based on the initial
purchase price rather 'than on the
lifetime cost, which includes buy
ing, installing, operating, and
maintaining a piece of equipment.
The lifetime cost of medical equip
ment may be two to three times
the initial purchase price.

Lack of equipment standardization
creates four problems: (1) differ
ent pieces of equipment may not
be compatible and assembly must
be improvised; (2) staff must learn
how to operate many different
kinds of machinery, thus
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increasing the risk of dangerous
mistakes; (3) parts from older or
broken machines can't be used to
repair others; and (4) maintaining
a supply of spare parts is difficult
and expensive. Donors are often
responsible for the variety of
equipment; regardless of what is
already being used, they usually
donate only equipment that is pro
duced by their country's medical
industry. With frequent changes in
models by manufacturers, spare
parts for older models become un
available. Many national health
services do not have complete
equipment inventories, and sys
tems are not in place to ensure
that new equipment is compatible
with existing stock. Unfortunately,
severe financial constraints leave
many countries dependent on do
nated equipment.

Lack of routine maintenance
greatly shortens the life of most
equipment. Maintenance prob
lems are due to serious shortages
of trained technicians in the public
sector; insufficient funds for pur
chasing spare parts; and lack of
the necessary tools, spare parts,
and equipment manuals to make
repairs. Spare parts may not be
ordered until a machine actually
breaks down or supplies of acces
sory equipment are exhausted.
Rural hospitals, in particular, have
maintenance problems because
they must rely on central hospitals
to send technicians to them. In
addition, equipment in rural areas
must endure harsher physical con
ditions such as humidity, fluctuat
ing eleclricity, and dust that clogs
moving parts.

Service contracts either with the
equipment manufacturer or with
the in-country supplier are one
way of addressing maintenance
problems. Purchasing agree
ments often include such con
tracts. However, direct service
from manufacturers can be very
expensive due to the distance in
volved, and local suppliers vary
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enormously in their capacity and
willingness to undertake repairs
and routine servicing. Thus, one
of the most cost-effective steps
that donors could take would be to
include supplies of spare parts
and provide training in routine
maintenance when equipment is
donated.

Anesthesia departments are usu
ally unable to solve maintenance
problems alone, but they can take
certain measures. One is to rec
ommend standardization when
ever new equipment is being pur
chased or donated. Another
practical measure is to include in
struction in routine and preventive
maintenance of anesthesia equip
ment in general staff training. In
Ghana, bigger teaching hospitals
have trained technicians to main
tain equipment, but in smaller hos
pitals, nurse anesthetists are
trained to maintain and service the
equipment. In Zimbabwe, semi
nars have been conducted to train
users on the proper care and op
eration of equipment. In addition,
a professional society for medical
engineers and technicians in both
the private and public sectors has
been established to raise the sta
tus of such work. Within individual
hospitals, emphasizing routine
cleaning and checking of eqUip
ment by all staff, anticipating the
need for replacement of spare
parts and consumable parts such
as batteries and bulbs, and mak
ing a special effort to establish
good working relationships with
available technical services may
help reduce problems related to
equipment maintenance.

Personnel. Although many
people believe that anesthesia
should be administered by special
ist physicians whenever possible,
the limited number of physician
anesthetists in developing coun
tries has necessitated the devel
opment of alternative approaches.
One alternative to physician
anesthestists is to include more

training in anesthesia in the gen
eral medical curriculum to ensure
that all physicians are competent
in basic anesthesia and resuscita
tion techniques. Another strategy,
being used in countries such as
Zimbabwe and Ghana, is to pro
vide special short training pro
grams (3 to 6 months), which
include basic anesthesia tech
niques, to general duty doctors
who are to be posted to rural ar
eas. Where even general physi
cians are few in number or have
many competing demands for their
time and skills, many counlries
have trained other cadres of
health workers such as nurses
and clinical medical officers to do
basic anesthesia. The length of
training varies from intensive six
week courses to the more usual
one- or two-year programs. Train
ing programs should emphasize
safe, straightforward techniques.
If possible, a standard approach to
common conditions and problems
also should be taught. Such train
ing programs should be based on
the equipment and drugs that will
be available to the trainees when
they practice.

Regular refresher courses are im
portant to update knowledge and
maintain interest for all levels of
personnel. Opportunities for ca
reer advancement based on expe
rience and furlher training are very
important to retaining personnel.
Educational material specifically
for anesthesia personnel in devel
oping countries is also available
(see Materials Available, pp. 11
12). When possible, visits to dis
trict hospitals by physician anes
thetists from provincial or national
referral hospitals for education and
supervision can be very use'ful.
The importance of this is widely
recognized, but it is often not prac
ticed because distances are great,
transport is lacking, and workloads
are too heavy.

Basic Management. Within
larger hospitals, communications
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are often a problem. Special sys
tems should be set up to ensure
that on-call staff can be sum
moned for emergencies. Ad
equate staffing should be clearly
assigned and enforced. Recovery
facilities should be a priority area.
A separate recovery area should 
be set up, and patient monitoring
by carefully trained nurses is vital.

For the anesthetist, improvements
in quality of care can result from
instituting three basic routines and
adhering to them. Routinely and
thoroughly assessing a pat~ent's

condition before surgery is per
haps the most important manage
ment strategy. The goals of pre
assessment are to identify any
abnormalities; to correct them, if
possible; and to choose a type of
anesthesia that poses the least
risk for that patient. The pre
assessment includes a 'full medical
history, a physical examination,
and a simple but careful explana
tion to the patient of the proce
dure. Second, checking anes-

thetic equipment for proper as
sembly, leaks, and malfunctions
before every operation is impera
tive. Finally, keeping complete,
regular records of every anesthetic
given and the course of each op
eration and recovery is also impor
tant. Weekly meetings to discuss
records, problems, or interesting
cases also promote good care.

CONCLUSION
Anesthesia is an essential part of
the referral services that must be
available to support primary health
care. Technology options for
equipment and drugs are complex
and deserve care'ful consideration
in light of local constraints. Inno
vative ideas like the oxygen con
centrators and training programs
for equipment maintenance techni
cians can playa valuable role in
overcoming the existing problems,
as can a greater emphasis on sys
tematic assessment of local equip
ment needs and standardization of
equipment, whether purchased or
donated.

Materials Available
The World Federation of Societies
of Anesthesiologists (WFSA) is a
professional association for physician
anesthesiologists, with member
societies in 82 countries. For informa
tion on its semi-annual newsletter and
its educational activities, write to: Dr.
John S.M. Zorab, President, WFSA,
Frenchay Hospital, Bristol BS16 1LE,
U.K.

o
The German Agency for Technical
Cooperation has sponsored the
publication of a comprehensive
handbook entitled Primary Anesthe
sia. It covers anesthesia techniques,
drugs, and equipment for developing
countries, focusing on rural hospital
practice. It costs US$18.00 plus
shipping. Write to: Oxford University
Press, Walton Street, Oxford OX2
60P, U.K. or to regional Oxford
University Press offices.

o
A bibliography on anesthesia is
available from PATH.
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Materials Available (Continued)

. ~"" ' .._ ,~,..::,":.•..:~,•.'~_t.t,;-,~..,~...~.>:-'
/~~,':';::' ";;~~~: :~~, . -~

also published Metll,odologle~fj)r:;~~['

Monitoring ancfEvaluatlng~Jtantln
A Deficiency Intervention pro~-;';~~t.
grams. Single copies of both.arej~~:··'

available free of charge'to developing
countries. Write to: IVACG Secre
tariat, The Nutrition FoundatiO~~~'lnc.,
1126 Sixteenth Street, N.W., Wash
ington, D.C. 20036, U.S.A.

Medical Equipment In Sub-Saharan
Africa: A Framewor~ for Polley
Formation contains an extensive
annotated bibliography and costs
£9.00 plus shipping. Request the IDS
Research Report Rr 19 November
1988 from the .Institute of Develop
ment Studies, University of Sussex,
Brighton BN1 9RE, U.K.

o

medical equipment maintenance and
its management: WHO 1987 Inter
regional Meeting on the Mainte
nance and Repair of Health Care
Equipment, Nicosia, Cyprus, 24-28
November 1986.

o
World Anesthesia produces a newslet
ter that reports on working conditions
and problems faced by physician and
non-physician anesthetists around the
world. For information, contact: Dr.
lain Wilson, Department of Anaes
thetics, Royal Devon and Exeter

,j. H~spita!, Exeter, U.K.

•

The ApPf9Poa,(e Health Resources .
and Techil9.t¥9i~s Action Group . ,
(AHRTAG)-recently pUblishe~;~~b9~;':<7',>
let about the Oral Health Self Care: ,,;;~:

Project in Belhi, India, which h~s, dQ-~"::?~

veloped, tested, and evaluated teach
ing materials on oral health education
for primary school curricula. AHRTAG
has also published a booklet, called
Low Cost Medicine Packaging" ','
which descri9~s',~, proje~ in Mex'rG6\:;':i;~~t
that recyc!!3.s w~~ plastiC to produce'·' ".
sm~1I dn,J~f~~Jf~~r:.~~ F~r more .infor
ma~lon ~ni~ ,~~~l~hesEl innovative .. :'.;",
proJects, "Jtbt~~HRT~, 1. London,:,
Bridge Stf~f~#I(~~·:9~FQ.~, l!.K~,i::'

:, .o.f~:..J:',>""":" ",;;,~~: .

•Teaching Aids at Low Cost has ,~", :
produced three ~>'~~~Jcolor sl!ti~s~ ...,;~he iqt,er~.Jo.nal V~~rl1in,' [\,..Qonsuha
on HIV Infectlo~h(cil Manlfesta- ,. tlon GrouP'lIVl\ga)'itas~publlsh.ed, ....
tlon; Virology and Transml$slon; .;,,~Uldet(~:~~if~ve,op~ent0("
and Prevention and Counselling.'"" ·'ar§JmpJl!l~,~;.~let~..r:Y A'Ssessment to
The cost for all three is £2.75 Ide·F)1IfY~<i.jQ&~S"~t:Rlsk for Inad-
(seamail), £0.60 extra for airman'~~ll~;~nt~:~;b.~\6.t~pj.f,,>:~~,toassist

~~~~~~:H~~~;~·~A~~~.:'·SI. .. /~~~~:!Z.~~~~~S 'i
: , :~~~r~-.::: _ ' '

Rural Water Supplies and Sanita
tion-A Test 'from Zimbabwe's Blair
Research Laboratory, by Peter
Morgan, is a practical handbook for
'field workers on how to design and
construct simple, low-cost hand
pumps, wells, latrines, and other
water-related devices. Helpful photos
and drawings are also included. The
handbook is available free of charge
to water and sanitation personnel.
Write to: Sales and Marketing Mana
ger, International Division, MacMillan
Publishers, Ltd., Houndmills,
Basingstoke, Hampshire, England,
RG212XS.

o

WHO, in collaboration with the
WFSA, has produced a manual for
general doctors providing anesthesia.
Anaesthesia at the District Hospital,
by Michael Dobson, describes
basic anesthesia techniques, proce
dures, and equipment. It is available
in English, Spanish, French, Portu
guese, and Russian for US$16.00.
Translations into Arabic, Indonesian,
and Hindi are also planned. A com
panion volume, General Surgery at
the District Hospital, costs
US$24.00, and a third volume, Sur
gery at the District Hospital:
'Gynaecology, Orthopaedics, and
Traumatology is being prepared.
Also available is an excellent booklet
entitled WHO Model Prescribing In
formation: Drugs Used In Anaes
thesia. For ordering information, write
to: WHO, Distribution and Sales,
1211 Geneva 27, Switz,erland.

Also ava.i1able from WHO, above, is
.~an important document discussing
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Major Equipment for
Peripheral Laboratories

Laboratories are essential to opti
mal health care delivery; patient
management; and disease detec
tion, control, and surveillance at
all levels of the health care sys
tem. Laboratory services prOVide
disease diagnoses, determine
severity of infectibn, and help
monitor treatment effectiveness
and pace of recovery.

In developing countries, estab
lishing and maintaining an effec
tive and appropriate laboratory,
especially at the district or health
center level, poses many chal
lenges. Among them is how to
select equipment given the fre
quent constraints of funding
shortages, insufficient numbers of

Selection Process

Volume 11, Number 1

trained personnel, lack of techni
cal support,· inadequate essential
reagents, unreliable water and
power supplies, and lack of infor
mation on appropriate laboratory
equipment. Since manufacturers
typically do not design or adapt

. most laboratory equipment for
use in developing countries, the
range of appropriate technologies
from which to choose is limited.

Equipment selection must take
into consideration local disease
prevalence and priority health
needs of local populations, the
conditions of use, and how well
equipment can be maintained.
Consulting with district or central
laboratory personnel to select

Major Equipment

ISSN: 0730-8620

tests and identify available re
sources for ongoing support to
the laboratory is also essential.

This issue of DIRECTIONS dis
cusses major pieces of laboratory
equipment used in district and
health center laboratories. The
first section describes basic cri
teria for laboratory equipment
selection. The second section
reviews particular types of equip
ment and describes new develop
ments. The final section focuses
on the need for basic services,
such as electricity, 'that are re
quired to support laboratory oper
ations, as well as the importance
of training, communication, and
quality control.

Laboratory Support

1991
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Selection Process

The role that district and health
center laboratories play in sup
porting health care delivery in de
veloping countries varies widely
depending on local resources
and on regional health problems.
For example, in Indonesia, over
half of its 6000 health centers
provide some laboratory services.
These laboratories are expected
to conduct a minimum of 21 tests
in clinical chemistry, hematology,
and microscopy, as well as sim
ple water quality tests. In other
countries, particularly in Africa,
health center laboratories may
perform only simple tests using
visual comparison methods or
microscopy and must refer pa
tients to larger facilities for more
sophisticated analyses. District
laboratories in some countries
may perform a wider range of
tests using more advanced im
munological or chemical meth
ods.

All laboratories, however, face
similar problems regarding selec
tion of essential tests and equip- .
ment. Many factors must be con
sidered during the selection
process. Funding and other re~

source constraints guide many
key decisions, yet properly se-
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lected tests and equipment may
contribute to improving long-term
laboratory cost-effectiveness (see
chart, p. 3).

Equipment selection directly de
pends on the types of laboratory
tests and the volume of testing
required. A thorough under
standing of local disease preva
lence, the local population's
health concerns, and what people
can afford to spend is crucial to
selecting appropriate tests. De
termining required tests also
should be based on discussions
between health providers and
laboratory personnel. To be clini
cally useful, tests should be
simple, accurate, and easy to
perform in settings with limited
resources.

Typically, health center and dis
trict laboratories may perform
bacteriological investigations to
diagnose diseases such as lep
rosy, tUberculosis, cholera, gon
orrhea, syphilis, and urinary and
respiratory tract infections; para
sitological tests to diagnose ma
laria, schistosomiasis, filariasis,
leishmaniasis, trypanosomiasis,
intestinal parasitic infections, and
many others; and broader investi
gations to diagnose and monitor
other conditions such as anemia,
diabetes, and organ disorders.

Once essential tests are idEmti
fied and resources such as staff
ing and supervision are as
sessed, the most appropriate test
techniques and a list of required
equipment then can be deter
mined. Appropriate equipment
should meet local needs, be
adaptable to local circumstances
and conditions, be scientifically

sound, and be acceptable to
laboratory personnel.

Selection Criteria
The following issues must be
considered when selecting equip
ment. Depending on the local
situation, some criteria may be
more significant than others and
trade-offs may be reqUired:

Usefulness. Is the equipment
compatible with and relevant to
local health needs and concerns
and existing diagnostic and treat
ment services? Is the equipment
compatible with the types and
volume of tests being performed?
Desirable equipment must be dis
tinguished from essential equip
ment.

Performance. How reliable and
exact is the equipment under
specific conditions of use? How
accurate must results be in the
target setting? Are timely results
necessary or possible?

Durability and Robustness. The
conditions under which the equip
ment will be used may have a se
rious impact on its short-term and
long-term performance. WiIIlhe
instrument be moved frequently?
Must it be stored in a protected
environment? Will it be exposed
to high or low temperatures, hu
midity, drought, or dust? Manu
facturers should include esti
mates of reliable performance
ranges according to temperature
and humidity. Well-ventilated
storage space should be avail
able for the equipment.

Cost. Both the initial and operat
ing costs of the instrument as well
as costs ofnecessary accesso-
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Develop Procurement Strategy

Determine Prevalence
of Common Local

Diseases

Supplies and equipment often are
ordered at intervals of one, three,
or six months. It is essential that
individual laboratories order sup
plies in sufficient quantity and in
advance. Keeping an ongoing
record of-what is needed may fa
cilitate timely resupply of essen
tial items.

tions, using the manufacturer's
reference codes and stating re
quired voltage,are necessary.
To the extent poss'ible, equip
ment shouId be standardized at
all levels of a country's laboratory
service. Decisions regarding
standardization must be made in
consultation with peripherallabo
ratories to ensure that equipment,
chemicals, reagents, and other
supplies are appropriate and con
sistent with local needs and facili
ties.

Consult with Health Providers
and District/Central-Level

Laboratory Personnel

What can people What are per-
afford to spend? ceived needs?

Make Realistic List of Essential
Lab Tests and Techniques

Assess Resources in
Target Region

SELECTING APPROPRIATE EQUIPMENT

Analyze Resources

• Funds: government, local • Facilities: power, water, drainage
• Availability of treatment and disposal, and safe work area
• Availability of reagents, • Environmental conditions

consumables, etc. • Existing equipment compatibility,
• Supervisionlback-up support condition, and function
• Maintenance and repair services • Transport

- availability of spare parts

Revise Test and Equipment
Lists, as Necessary

Procurement
Purchasing most pieces of equip
ment from one or two manufac
turers or suppliers, rather than
from multiple suppliers, makes it
easier and less expensive to
maintain equipment and procure
spare parts. Equipment should
be ordered only after complete
product information, including op
eration and repair manuals, have
been received and reviewed, es
pecially if the manufacturer is un
able to provide on-site demon
strations. When'placing an order,
clear and adequate specifica-

install the equipment and provide
advice on maintenance to help
ensure safe performance? Does
the equipment's design limit or
prevent contact between the
laboratory worker and infectious
agents?

Power Requirements. Lack of
stable electricity is a ma.jor prob
lem facing developing country
laboratories. Before selection, it
is essential to consider the
equipment's power requirements
in relation to the availability of
electricity to the laboratory. Can
the instrument be used with a
voltage stabilizer or inverter to
counteract surges of current, or
can alternative power supplies
such as batteries be used?

Safety. What risks are associ
ated with equipment use or mis
use? Is the manufacturer able to

Technical Complexity. Equip
ment that is simple to operate
and easily assembled and disas
sembled for cleaning, repair, and
decontamination is most appro
priate. Equipment requiring nu
merous accessories and attach
ments is less desirable. Tools
and trained staff for maintenance
and repa.ir also must be available.

Training Requirements. What
level of technical training is re
quired to operate the instrument?
Are sufficiently trained laboratory
staff available? How much train
ing on equipment operation and
maintenance is the manufacturer
or agent willing to provide? Are
appropriate maintenance, ser
vice, and calibration manuals in
cluded (in local languages, when
necessary) that can be reviewed
before purchasing?

Sustainability. Even if affordable,
are replacement parts such as
bulbs and fuses, as well as other
consumable. supplies and re
agents, still being made and easy
to procure? Ideally, the majority
of consumable supplies should
be locally available.

ries and maintenance, must be
assessed. Shipping and insur
ance will add expense to over
seas orders.
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Major Equipment

Microscopes
The microscope is the most im
portant laboratory instrument and
is the principal diagnostic tool in
developing countries. For ex
ample, in health center laborato
ries in Kenya, microscopy consti
tutes about 90 percent of a lab
oratory worker's time.

Magnification. Microscopes en
large an object's image through
the use of lens systems consist
ing of objectives and eyepieces.
Total magnification is calculated
by multiplying the magnification of
the objective by that of the eye
piece. Thus, if a microscope
uses a 1OOx objective with a 10x
eyepiece, the total magni'fication
is 1000x. For most routine medi
cal work, 10x, 40x, and 100x (oil
immersion) objectives with a 10x
eyepiece are sufficient. Some
times wide-field eyepieces are
used, which increase the scan
ning area by 25 percent or more.

Monocular VS. Binocular. Al
though binocular microscopes
(two eyepieces) do not provide
better detail than monocular
(single eyepiece) ones, they allow
the specimen to be viewed with
both eyes at once, which reduces
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eye fatigue. This may increase
the number of specimens that
can be examined in one session.
Monocular microscopes, how
ever, can be fitted with a blank
eyepiece to reduce eye fatigue.
Binocular microscopes are more
expensive than monocular ones.

I/Iumination. Sufficient, steady
light is essential. Some micro
scopes use external sources or
natural light; others have built-in
light sources. Natural light is suf
ficient for monocular micro
scopes, but work is restricted to
daylight hours. To enhance
brightness and provide steadier
illumination, sunlight can be used
indirectly by reflecting it from a
white board and directing it
through a laboratory window or
towards a microscope set up in
the shade outside. Direct expo
sure to sunlight must be avoided.

When using binocular micro
scopes with 1OOx oil immersion
objectives, natural light is gener
ally insufficient, and reliable ex
ternal or built-in sources of light
are needed. If electricity is avail
able, a light bulb placed about 0.5
meters from the microscope is
sufficient for most routine work.
A microscope with a built-in lamp,
however, is preferred. Quartz
halogen lamps provide excellent,
high-intensity illumination, and
they do not become discolored as
tungsten bulbs do after extensive
use. Halogen bulbs, however,
are more expensive, less widely
available, and quicker to burn out
than tungsten bulbs.

Most binocular microscopes have
built-in sources of light, using
tungsten or quartz 6, 8, or 12 volt
(12v) lamps with transformers. If

electricity is not available, a 6v
lamp can be connected to a bat
tery. The microscope supplier
should provide the necessary ac
cessories for battery connections.

Unfortunately, a low cost, reliable
microscope with good optics
does not yet exist. Several orga
nizations, however, have tried to
develop microscopes that are
suitable for developing country
use. For example, Tropical
Health Technology sells binocular
and monocular "Tropical Medi
cine Microscopes," which have
built-in halogen light and come
with inputs and leads that allow
them to be powered either by
mains electricity or by a 12v car
battery. A special 12v battery
charged by a solar panel also can
be ordered. A mirror that fits over
the lamp in case of battery or
mains failure is also prOVided.
Equipment for Charity Hospitals
Overseas (ECHO) also supplies
monocular and binocular mirror
microscopes that have been spe
cially designed for developing
countries. (For more information,
see Materials Available, p. 12.)

Attachments. Dark field micros
copy (or dark ground illumination)
is used to examine microorgan
isms suspended in fluid (e.g., the
spirochetes that cause syphilis)
that cannot be seen using ordi
nary transmitted light. Rather
than passing directly through the
condenser to the objective, light
is reflected to the outer edges of
the condenser lens and brightly
illuminates the microorganisms
against a black background.
Clean slides, cover slips, and a
high intensity microscope lamp
are required. Most dark field mi
croscopy also requires 10x or 40x
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objectives and an opaque disk or scope in a plastic bag with a dry- length selection), a photosensor,
"stop" made of metal or thick ing agent such as self-indicating an arnplifier system, and a read-
cardboard. A special dark field silica gel is the ideal methodlo out device that records analyte
condenser is required when using prevent fungus growth. If this is concentration. Some models
a 100x objective. not possible, placing the micro- have replaced the lamp and fil-

scope in a small cupboard or tars with a light emitting diode
Fluorescence microscopy is used compartment that is heatedcon- (LED) that produces light of a
to diagnose some bacteriological tinuously from below by at least specific wavelength and often
and parasitic diseases such as one low-watt bulb also will help makes the instrument more por-
tuberculosis and malaria. Invis- prevent 'fungus. Where electricity table. Using an LED, however,
ible ultraviolet or visible deep blue is not available, the microscope limits the range of measurable
light illuminates speci'fic parts of may be left on the bench if it is analytes.
microorganisms stained with fluo- protected by a lightweight cover
rescent dyes. Usually, a special and kept in the shade. The mi- The colorimeter's photosensor
fluorescence microscope is re- croscope must not be stored in its receives the selected wave-
quired for this method, but they wooden box in these climates. length's light after it has passed
are very expensive. A conven- through the sample. It is con-
tional microscope may be modi- In hot, dry climates, dust is the verted to an electrical signal,
fied using a fluorescence lamp biggest threat. The microscope which is ampli'fied, measured,
(quartz iodine lamps are less ex- must be kept in an airtight plastic and displayed. Colorimeters
pensive than mercury vapor bag, and, unlike in humid cli- must be calibrated using refer-
ones); primary ("excitation") and mates, it may be put in its wood- ence solutions of the analyte be-
secondary ("barrier") filters; a en box after each day's use. In ing measured. Supplies, such as
dark ground condenser; and a any climate, to avoid common cuvettes, and speci'fic reagents,
non-fluorescing immersion oil problems caused by lens smears, such as Drabkins solution for he-
such as liquid paraffin if an oil im- the surface lenses of the objec- moglobin determination, are re-
mersion objective is used. tive, eyepiece, and condenser quired. A stable source of elec-

should be cleaned after each tricity also is needed. Some
Recently, a simple fluorescent day'S use with a dry lens tissue or models, like the WPA C0700D
attachment for conventional light a soft, clean cloth. Colorimeter, operate from mains
microscopes was developed. power, a 12v battery, or a special
The attachment was designed to Colorimeters 12v battery that can be recharged
identify malaria parasites stained These devices are used to mea- from a solar panel. Most colorim-
with BCP or acridine orange, but sure the concentration of particu- eters cost US$400 or more.
eventually it also' may be used to lar substances ("analytes") in a
diagnose other diseases, such as colored solution. Sometimes the Maintenance. Following the
tuberculosis, using other stains. analyte itself is colored, such as manufacturer's recommended
The attachment costs much less hemoglobin, but often a reagent operation and maintenance
than a full fluorescence micro- is added to react with an analyte
scope and permits a faster diag- and produce a colored solution.
nosis than conventional micros- Spectrophotometers are more
copy. Determining parasite spe- sophisticated and more expen-
cies, however, is difficult. Using sive than colorimeters and are
the attachment would require on- rarely needed at the district
Iy minimal additional training for level.
experienced microscopists. The
main drawback is cost, currently Simple colorimeters measure
projected at US$1,200. (See analyte concentration only within >.

C)

Materials Available, p. 12.) a certain wavelength range in the
0
(5

visible area of the spectrum.
c:

..c:
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Maintenance. Microscopes must Basic analytes that can be mea- ~
be carefully maintained, particu- sured include hemoglobin, biliru- -5
larly in harsh environments. In bin, urea, total protein, choles-

(ij
CD

hot, humid climates, fungus tends terol, uric acid, and glucose.
:I:
(ij

to grow on the lens surfaces, Principal components include a 000.
which can ruin a microscope with- lamp, a lens and mirror, inter- 2

t-
in weeks. Sealing the micro- changeable color filters (for wave- Basic microscope components.
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Sufficient light is essential for
microscopy.

instructions helps ensure optimal
performance. Turning off color
imeters when not in use helps
preserve the bulb's life and allows
the instrument to cool. When not
in use, the instrument should be
covered with a cloth, and objects
must not be placed on top of it as
they might block air flow and
cause overheating. Colorimeters
require cleaning after each use,
and the filters and other external
optical components should be
inspected regularly for clarity and
dusted with a soft cloth, if neces
sary. Extra lamps should be or
dered at the time of purchase.

Whenever a new lamp is in
stalled, the instrument's align
ment needs to be checked. The
photosensor rarely needs replac
ing. Plastic cuvettes are now
available from many suppliers
and can be used in most colori
meters. If handled carefully, they
can be reused several times if the
optical sides are not scratched.

Hemogloblnometers
Millions of people in developing
countries, especially women and
children,- suffer from anemia. Be
cause of anemia's prevalence
and severity, district and health
center laboratories should have
some means to diagnose it. Lab
oratory diagnosis of anemia gen
erally invoIves measuring hemo
globin concentration in the blood.
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Hemoglobinometers are colori
metric instruments that measure
hemoglobin concentration.
Though still expensive, they are
less costly and simpler to use
than colorimeters. The decision
to purchase a colorimeter, which
can measure several analytes,
versus a hemoglobinometer that
measures hemoglobin only, de
pends on available resources,
local need, access to electricity,

o and level of staff training. It may
::I: be more cost-effective in some
3: situations to purchase a colori-

meter if it can be supported, as it
has a broader application. If the
primary need, though, is to deter
rnine hemoglobin concentration
reliably and resources are limited,
a hemoglobinometer may be
more suitable.

Most health center laboratories
still need a simple, reliable, and
affordable hemoglobinometer.
Despite a strong demand, the
choices are limited, and available
instruments are over US$300,
making them unaffordable in
many settings. Currently, many
health centers must resort to
using sirnple but highly subjective
anemia screening methods, such
as conjunctiva inspection or the
Tallqvist,copper sulfate, or Sahli
methods. For example, all health
centers in Indonesia must rely on
the Sahli technique. These meth
ods do not provide accurate
hemoglobin measurements and
should not be used for this pur
pose. (A somewhat more reliable
alternative to hemoglobinometry
than simple screening methods is
using a Lovibond Comparator
with undiluted blood.)

Two basic types of hemoglobino
meters exist: electronic, digital
display systems that require
blood dilution; and visually read
or electronic systems that do not
require blood dilution. Examples
of widely used electronic systems
requiring dilution include the
Delphi Hemoglobinometer and

the BMS CYNOX I. The Delphi
uses standard-size cuvettes and
can be operated from mains
power or a small 9v battery. The
instrument is quite compact and
performs reliably in tropical cli
mates. The BMS CYNOX I.re
quires diluting blood with Drab-_
kins solution. The instrument
requires mains electricity but can
be adapted to operate from a 12v
battery. It uses special, half-size
cuvettes. Disadvantages of both
models are that they are expen
sive and correct blood dilution is
essential to achieve accurate
results.

Most models not requiring blood
dilution must be read visually.
These models are reasonably
precise, but they are less accu
rate and more expensive than
electronic models. An example of
a visually read instrument is the
BMS Hemoglobinometer. It is
easy to use and is mainly appro
priate for low-volume peripheral
laboratories. To operate, a drop
of blood is placed on the surface
of a glass charnber, and the red
blood cells are lysed (dissolved)
with a saponin stick. The cham
ber is then pushed into a clip to
even out the layer of blood and· is
inserted into the instrument. The
sample is illuminated and viewed
through an eyepiece, where
hemoglobin concentration is
measured against a scale dis
played in the viewing field. The
instrumentcomes with one cali
bration standard and a complete
chamber set. It can be operated
by mains electricity with an adap
tor or by two C (1.5v) batteries.
Drawbacks are that cleaning the
fragile chambers is difficult and
operating costs are high, es
pecially if saponin sticks are
bought commercially instead of
made on-site. Saponin sticks
also may lose their effectiveness
in tropical climates, and using two
sticks instead of one may be
necessary, which increases
costs.



Electronic hemoglobinometers
using undiluted blood are prefer
able over visually read models ~

where staff training, facilities, and
resources are limited. An elec
tronic, direct-readout system
called HemoCue was introduced
a few years ago. It photometric-

. ally measures converted hemo
globin in undiluted blood. The
blood sample is collected in a
microcuvette lined with dry rea
gent that lyses red blood celis
and converts the hemoglobin to a
measurable form. A micropro
cessor displays results within 60
seconds. Field tests show that
the HemoCue is durable and able
to withstand high humidity. It is
lightweight, portable, and easier
to use than tests using diluted
blood. Without technical training,
however, erroneous results may
occur. It is powered by a 12v
nickel cadmium rechargeable
battery, ordinary AA batteries, a
solar panel, or mains electricity
using a transformer. Unfortu
nately, it costs over US$500.
The reagent-lined microcuvettes
are disposable, which means
they must be supplied continu
ously. They are also very ex
pensive, at US$0.40 to 0.80, de
pending on the quantity.

A new, lower cost, electronic, di
rect read-out hemoglobinometer
made by Artel has been field test
ed in Jamaica with assistance
from PATH and found to be use
ful and accurate. Further testing
is planned for Kenya and Indone
sia. It is portable and its cuvettes
are reusable, which helps keep
testing costs low. Undiluted
blood is stirred with a saponin
stick on a standard microscope
slide and placed in a cuvette,
which is inserted into the instru
ment. Results, displayed digital
ly, are ready almost immediately.
It can be powered by mains elec
tricity or by two rechargeable AA
1.2v batteries. A solar power at
tachment is being investigated.
Introduction is expected in 1993.

Centrifuges
Centrifuges accelerate sedimen
tation of particles in flu ide Two
basic types of centrifuges exist:
general-purpose centrifuges,
which are used to obtain sedi
ments of specimens such as
blood, cerebrospinal fluid, and
urine; and microhematocrit centri
fuges, which measure packed red
cell volume to diagnose anemia
as well as to detect blood para
sites such as trypanosomes and
microfilariae.

General-purpose Centrifuges.
Most general-purPose centrifuges
require mains electricity and can
be fitted either with fixed-angle or
swing-out rotors., A fixed-angle
centrifuge applies greater centri
fugal force, and separation oc
curs more quickly than with a
swing-out model. For many in
vestigations, however, swing-out
rotors are preferred as sediments
collect horizontally in the tube.

For most district laboratories, a
general-purpose centrifuge, pref
erably fitted with a swing-out rotor
with six or eight buckets (tube
holders), will suffice. Variable
speed control and a brake are
also desirable, though they in
crease the cost. An operations
and nlaintenance manual and
key replacement parts, such as
carbon brushes and bucket cush
ions, are essential to obtain at
time of purchase. It may be more
cost-effective for some laborato
ries to purchase a small, general
purpose centrifuge with a micro
hematocrit rotor attachment in
stead of a separate microhemat
ocrit centrifuge, but models with
this option tend to be expensive.

Hand-powered centrifuges are
used in many areas as they do
not need electricity and are less
expensive (under US$1 00) than
electric models. Drawbacks are
that many current hand-powered
models are unsafe, and it is diffi
cult to maintain a constant and
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Hemoglobinometers are used to
detect anemia

sufficient speed. Two new, porta
ble hand-powered centrifuges,
however, are being field tested.
One is a dual-purpose model in
tended for rural health centers. A
microhematocrit head can be
switched with a swing-out rotor
holding four 75 mm tubes. The
other is a smaller, field centrifuge
that holds ten 50 mm capillary
tubes. Both models are enclosed
to ensure safe use. They should
be available at the end of 1992.

Microhematocrit Centrifuges.
Anemia diagnosis also can be
based on hematocrit determina
tion. This method avoids prob
lems associated with unreliable
visual or complex colorimetric he
moglobin tests. Undiluted, non
lysed blood is used, which makes
this: a good method if skilled lab
oratory workers are not available.
However, microhematocrit centri
fuges are expensive, and most
require mains electricity.

Because most small health cen
ters do not have regular supplies
of electricity, battery- or hand
powered microhematocrit centri
fuges currently are being devel
oped. A mainS/battery-powered
microcentri'fuge has recently been
field tested in the Ga'mbia and
may be available in the near fu
ture. It holds 20 tubes and can
be used with both capillary and 2
ml tubes. It can be powered by a
12v battery, or a battery unit
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chargeable from a solar panel
can be supplied. It is equipped
with a timer, speed control, and a
battery indicator.

A portable, inexpensive "micro
fuge" is also under development.
It is compact, lightweight, and
powered by an internal 9v bat
tery. Solar power is also being
investigated. Whether the 9v
battery can provide a constant
speed over extended periods of
use to·ensure consistent· packing
of red cells is still unclear. In
addition, the microfuge uses
special disposable capillary
tubes, which may add expense
and be difficult to resupply.

For infomation on mains or bat
tery-powered centrifuges, contact
Solmedia Tropical Laboratory
Supplies (see Materials Available,
p.12).

Safety. Centrifuges can be haz
ardous to use. For example, con
taminated airborne droplets or
particles (aerosols) from speci
mens being spun can be re
leased if the centrifuge is opened
before rotation has stopped, par
ticularly if specimens are in open
tubes or if tube breakage·occurs.
Newer models are fitted with
interlocking lids that prevent the
centrifuge from starting before the
lid is secured or being opened
before rotation has stopped.
Some are equipped with warning
devices that indicate centrifuge

Incubators are required to culture
specimens.
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imbalance. Other precautions
include using plastic centri'fuge
tubes with tightly fitting screw
tops when possible, and inspect
ing glass tubes for cracking and
scratches before use. Protective
gloves should be worn when
using and cleaning the centrifuge.

Incubators, Heat Blocks, and
Water Baths
Bacteriological cultures, as well
as some clinical and hematologi
cal tests, require incubation at a
controlled temperature. Most of
these tests are done in district or
central laboratories rather than in
health centers.

Only laboratories that carry out
culture and sensitivity tests need
incubators. In most cases, a
small capacity model will suffice.
Unfortunately, electric incubators
are dependent on.a stable source
of power. When possible, incu
bators should be purchased from
in-country suppliers to ensure
proper maintenance and reliable
supplies of replacement parts.

Less expensive,12v battery
powered, portable incubators are
also available. One model, the
GQF Laboratory Incubator, is
made of thermal plastic and re
quires only 30 watts to operate.
It can maintain temperatures
between 28°e and 42°e using a
thermostat, and a thermometer
can be attached to the incu
bator's side. A spare thermo
meter and thermostat should be
ordered at the time of purchase.

Heat blocks and water baths are
used to incubate specimens in
test tubes or to heat bottles of
culture media or other sub
stances. Although this equip
ment is available with variable
temperature controls, most
situations require only 35° to
37°C, 56°C, or 1(lOoe heat.

Heat blocks tend to be less
expensive to buy and operate

than water baths and require little
maintenance. One model,the
Stuart Test Tube Heater SHT1, is
portable and comes with four
interchangeable blocks that hold
various test tube sizes. Two
blocks can be heId in the heater
at the same time. It can be pow
ered only from mains electricity.

Many variable-temperature,
thermostatically controlled water
baths are currently available.
Some are equipped with pro
pellers to circulate the water and
maintain a constant temperature.
These are more expensive than
small models without propellers.
One of the main disadvantages of
water baths is that clean, distilled
water is recommended and must
be maintained. Hard water de
posits also must be removed. In
addition, moisture may enter
open tubes (through condensa
tion) and affect test results.

Scales and Balances
Laboratories can save money if
they prepare their own reagents
and stains. A scale that is sensi
tive to 0.01 grams (10 mg) is ade
quate for accurate preparation of
most reagents and stains.· Mod
els with integral weights are more
convenient to use than those with
separate weights.

Many types of manually operated
scales and balances exist.
Ohaus scales and balances with
integral weights are recommend
ed most widely by experts. The
Ohaus 505 scale is small, rug
ged, easy to use, and inexpen
sive. It is most useful in small
health centers. Sensitive to 0.01
grams, it has a capacity of 50.5
grams. The Ohaus 311 balance
is also sensitive to 0.01 grams
but is more accurate and has a
capacity of 311 grams, which
makes it more appropriate for
hospital laboratories. The Ohaus
Harvard Trip balance is used for
weighing large quantities of
chemicals and for balancing



centrifuge tubes; it has a sensi
tivity of 0.1 grams with a 2000
gram capacity.

Though easier to read, electronic
direct read-out scales are consid
erably more expensive and more
difficult to maintain than manually
operated scales. They are also
less durable and require a stable
source of electricity.

Stills and Water Filters
In addition to an appropriate
balance or scale, a still or deion
izer is required to prepare water
for making reagents, reference
solutions, and stains. Boiled,
filtered rainwater may be used in
some situations where rainfall is
sufficient and can be collected in
large quantities. Purified water is
needed, however, to prepare
many reagents and standard sol
utions. During distillation, water
is boiled and the condensed
steam is cooled, resu Iting in
clear, purified water. About 50
liters of cool water per hour must
flow through the condenser and
condense the steam, though this
water can be reused. Electric
stills are expensive, but some
countries, such as Kenya, have
begun to investigate simple but
effective solar stills where electri
city is not available.

Filtered water that is 'free of bac
teria and other particles can be
used to make some reagents and
stains and to rinse glass and
plastic ware, as long as dissolved
chemicals in the filtered water do
not interfere with staining or
chemical reactions. This must be
tested before using the water for
patient testing. Gravity water
filters· using a candle filter (single
or double) are easy to use and
maintain.

Deionizing water may be the
most economical way to purify
water. Mains power is not neces
sary, and less water is needed
than when using stills. Ion-free

water is ideal for making reagents
and solutions for clinical chemis
try tests and is essential for pre
paring reagents and standards
for electrolyte tests. Simple
hand-held and bench deionizers
with self-indicating resin currently
are available. Hand-held models
are inexpensive and portable,
making them particularly use'ful
for small district and health center
laboratories that require only
small quantities of deionized wa
ter. The deionizer resin in each
filter cartridge produces about 15
liters of deionized water, depend
ing on the water's salinity. Bench
models, such as the Bibby ADH
Deionizer, are more appropriate
for district level laboratories and
are capable of producing about
110 liters of water per resin car
tridge, depending on the water
quality. Impure water should be
filtered before being deionized to
prevent the resin from becoming
exhausted too rapidly. Draw
backs are that replacing car
tridges may be difficuIt due to
cost and unavailability.

Refrigerators and Autoclaves
Antisera and various specimens
and reagents, in addition to vac
cines and many essential drugs,
require refrigeration. If blood is
stored for transfusion, a thermo
statically controlled refrigerator
for blood storage and infrequently
used reagents is essential. In the
absence of reliable electricity,
kerosene-, gas-, or solar-powered
refrigerators are used. Unforlu
nately, kerosene- and gas
powered refrigerators need fre
quent maintenance, and fuel
shortages or problems with low
grade kerosene may occur. In
addition, not all are able to con
trol the temperature adequately
for storing blood. Solar refriger
ators are expensive to purchase,
but the long-term operating costs
are lower and maintenance is
minimal. Because the price of
solar-powered devices is steadily
dropping, solar refrigerators may
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soon become the best alternative
to conventionally powered units.

Many district and health center
laboratories requ ire autoclaves
for steam sterilization and speci
men waste disposal. For exam
ple, laboratories may, use auto
claves to prepare sterile swabs
and sterilize needles, syringes,
lancets, and culture media. Por
table autoclaves are available
that are powered by electricity,
gas, kerosene, or wood, depend
ing on local facilities. In smaller
facilities, portable steam steriliz
ers have been modified from
home pressure-cooker designs.
Solar-powered autoclaves also
are being used in some countries
such as Kenya.

WHO has produced a number of
documents and Product Informa
tion Sheets regarding speci'fica
tions, availability, maintenance,
and repair of refrigerators, insu
lated·cold boxes, and autoclaves
for use in the Expanded Pro
gramme on Immunization (EPI).
(See Materials Available, p. 12.)
For more details, readers also
can consult Health Technology
DIRECTIONS, "Immunization,"
Volume 9, Number 2, 1989.
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Distilled or filtered water is needed
to make many reagents and
solutions.
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Laboratory Support

Power Supplies
Most laboratory equipment must
rely on some form of electrical
power, which may be provided by
mains electricity, fuel-driven gen
erators, rechargeable and dispos
able batteries, solar energy, or
hand- or foot-cranking or wind
powered devices. Mains electrici
ty is unreliable or nonexistent in
many countries, especially at the
district and health center levels,
or it may be supplied only for a
few hours per day. Even when
supplied, the voltage may be ir
regular. Voltage regulators can
help protect equipment from pow
er surges, but they are ineffective
at protecting equipment from sud
den voltage drops.

In the absence of regular mains
electricity, many larger health fa
cilities use fuel-driven generators
to power equipment. Yet these
units require frequent mainte
nance and are subject to fuel
shortages. Many inslruments can
be powered by rechargeable 12v
lead-acid batteries, such as car
batteries. These batteries, how
ever, require access to intermit
tent or constant mains or genera
tor power for recharging. For
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smaller instruments, such as he
moglobinometers and microcen
tri'fuges, disposable batteries may
provide sufficient power. In some
countries, these batteries are
available and inexpensive, but
their quality may be unreliable.
Rechargeable small-voltage bat
teries are also available in some
places.

Perhaps the most promising form
of power for use with laboratory
equipment is solar power. Initial
costs may be high, but solar pan
els are easy to maintain and very
cost-effective over time. The
African Medical Research Foun
dation (AMREF) is currently in
stalling solar panels in health
center laboratories in Kenya to
power microscopes and hemoglo
binometers. In peripherallabora
tories in Tanzania, where mains
electricity does not exist, some
laboratories use a generator to
provide power for three hours per
night. Since power is also re
quired during the day and for
emergencies at night, a solar
panel is used to recharge a 12v
car battery, which can power sev
erallaboratory instruments.

Maintenance and Repair
Because most equipment in pe
ripherallaboratories is exposed to
harsh environmental conditions
and climates, facilities for mainte
nance, repair, and equipment cal
ibration are essential. Laboratory
staff can be trained in preventive
maintenance and simple repair,
which reduces dependence on
highly trained maintenance tech
nicians. Unfortunately, many
countries face shortages of main
tenance staff, equipment opera
tors, and replacement parts.

WHO advises that a separate na
tional maintenance and repair
service for laboratory equipment
be established in all countries.
Manufacturers and donor organi
zations also must take more re
sponsibility in providing informa
tion on equipment maintenance.

Local unavailability of replace
ment parts, such as light bulbs,
fuses, and essential connectors,
is a serious problem in many
countries. Ordering spare parts
at the time of initial purchase is
essential, parlicularly if parts are
not locally available. Specifica
tions of necessary spare parts
should be included in product in
formation supplied prior to pur
chase and distributed with equip
ment being procured.

Operation, service, and calibra
tion manuals must be supplied
with both purchased and donated
equipment. These manuals, pro
vided by the manufacturer,
should have detailed inslructions
regarding installation, standard
operating procedures, daily and
long-term preventive mainte
nance, trouble-shooting, and rec
ommended spare parts. When
possible, manuals should be pro
vided in the local language.

Training
Adequate training, including regu
lar refresher courses, for labora
tory workers at all levels is essen
tial. Training should include basic
epidemiologic principles, biosafe
ty, hazards prevention, and safe
disposal of wastes. For example,
a training course for community
laboratory workers in Ecuador
included information on parasitol
ogy, local diseases and



organisms, method of infection,
treatment, preventive care, and
communications skills, as well as
information on essential tests,
equipment use, and laboratory
policy and organization.

Since most peripheral laboratory
workers must operate with limited
resources, training also should
include information on efficient
use of available resources, antici
pation of supply needs and
prompt reordering, calculation of
operating costs, proper storage of
reagents and chemicals, preven
tive maintenance and simple re
pair of equipment, internal quality
control, and record keeping.
Since peripheral laboratory work
ers often must refer specimens to
larger laboratories,training in the
proper collection,packing, and
transport of specimens is also
needed. In addUion, staff respon
sible for transporting specimens
need training in correct handling
procedures. .

Using locally prepared training
materials and visual aids for lab
oratory worker training is prefer
able. If materials are used that
are not locally produced, they
must be carefully evaluated and,
ifnecessary, adapted to suit local
circumstances. Simple manuals
with color photographs and step
by-step instructions 0 n preparing

. and reading slides would be very
useful for laboratory workers.

Finally, regular refresher courses
are needed to evaluate and up
date skills and techniques and to
re-emphasize good laboratory
practices and quality -controL
Personnel working in .remote
areas particularly need regular
supervisory and training visits.

CommunIcation
Establishing a reliable system of
referral among laboratories at all
levels of the health care system is
vital to maintaining high stan
dards of practice (s~e chart). For

example, district laboratories play.
a key role in supervising health
center laboratory work. They are
responsible.fortesting or forward
ing referred specimens, making
regular supervisory visits, and
conducting ongoing training
courses for community-based
laboratory workers. District hos-.
pital and central-level laboratory
staff also should assist in select
ing, maintaining, and operating
equipment, as well as in estab
lishing quality control procedures.

District laboratories must report
regUlarly to regional or central
staff on the needs and conditions
of laboratories under their super
vision, including usage rates of
key supplies. In this way, not
only are the needs of peripheral
laboratories met more easily, but
regular communication enhances
coordination of services at all
levels and helps ensure that
equipment is standardized and
regularly maintained. Coordi
nation with other health sectors
and programs is also important,
and laboratory workers must be
viewed as part of the complete
health service delivery team.

Quality Control
District laboratory personnel have
a key role in instituting internal
quality control and external qual
ity assessment measures. Inter
nal quality control procedures
established by laboratory staff
must be followed strictly to
achieve accurate test results. At
the health center level, quality
control procedures should be
simple and appropriate to local
conditions and resources. Exter
nal quality assessment ensures
comparable results··betweenlab
oratories and evaluates effective
ness of internal quality control.

, CONCLUSION
Peripheral laboratories play an
important role in health care
delivery and disease surveillance'
in developing co~ntries. It is

1-1

. essential, ther~fore, that labora
tory equipment be appropriate to
local conditions and health needs
and that manufacturers be en
couraged to design such equip
ment. It is also important to view
equipment needs as a coordi
nated, interdependent package;
selecting separate pieces of
equipment without considering
what is needed to support their
use and how they work together
may not improve laboratory
operations and, in fact, may
hinder services.

Some developing countries may
want to consider establishing a
committee of medical, laboratory,
epidemiology, and procurement
experts to help coordinate equip
ment seleclion by issuing recom
mendations based on local condi
tions and priorities and on the
experiences of equipment users.
Such a group could also commu
nicate their equipment require
ments to manufacturers, help as
sess local equipment needs,
analyze available resources, and
advise and coordinate with donor
agencies. This would help en
sure. that despite the constraints
faced by peripheral laboratories,
the most appropriate equipment
possible is selected and used ef
fectively.

Community-Based
Health Laboratories

Central
Laboratory

Communication among laboratories
at aI/levels is essential.
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Materials Available
Some of WHO's documents on de
veloping country laboratories are
listed below. Write: WHO, Health
Laboratory Technology and Blood
Safety, CH-1211, Geneva 27, Swit
zerland, or to WHO regional offices.

For overviews of laboratory opera
tions, consult Laboratory Services
at the Primary Health Care Level
and Health Laboratory Technolo
gy. For information on equipment,
see Supply, Maintenance and Re
pair of Heal'th Care Laboratory ,
Equipment In Developing Coun
tries and Self-Instruction Sheets
for Users of Primary Health Care
Laboratory Equipment.

WHO documents on re'frigerators
and autoclaves are available from
the Expanded Programme on Immu
nization (WHOIEPI) at the address
above.

D
Tropical Health Technology provides
low-cost publications, learning aids,
and microscopes to developing
countries. Publications include: The
Medical Laboratory Manual for
Tropical Countries, Volumes I and
II and the Community Health labo
ratory Manual for Tropical Coun
tries, which will be available in June
1992. Write: Tropical Health Tech
nology, 14 Bevills Close, Dodding
ton, March, Cambridgeshire,
PE15 OTT, U.K.

D
The African Medical Research Foun
dation (AMREF) has produced A
Practical Laboratory Manual for
Health Centres In East Africa. AM
REF also provides laboratory eval
uation and training and tests appro
priate laboratory equipment. Write:
AMREF Laboratory Programme,
P.O. Box 30125, Nairobi, Kenya.

D
The following organizations provide
low-cost equipment, supplies, and/or
technical assistance to developing
country laboratories:

Solmedla Tropical Laboratory
Supplies, 6 The Parade, Colchester
Road, Romford, Essex RM3 OAQ,
U.K.
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Equipment to Charity Hospitals
Overseas (ECHO), Ullswater Cres
cent, Coulsdon Surrey CR5 2HR, U.K.

HAMLO (Aid to Medical Laborato
ries In Developing Countries)
Wilhlminapark 52, 3581 NM Utrecht,
The Netherlands.

The Hands to Clinical Labs of Third
World Countries, Inc., c/o Dr. Sha
ron Roberts, Cal. State University,
Bakersfield, Medical Technology Pro
gram, 9001 Stockdale Highway,
Bakersfield, CA 93311-1099,U.S.A.

The International Dispensary Asso
ciation (IDA) P.O. Box 3098, NL
1003, AB Amsterdam, The Nether
lands.

D
The International Association of Medi
cal Laboratory Technologists (IAMLT),
has produced a Curriculum for
Health and Safety. It also publishes
a newsletter, Med Tee International,
twice a year. Contact: IAMLT, Oster
malmsgatan 19, S-114 26 Stockholm,
Sweden.

D
For information on the flourescent mi
croscope attachment, contact: K.W.
Kirk and Sons, Ltd., The Winship In
dustrial Estate, Milton, Cambridge,
CB4 4BD, U.K.

D

A portable "Mini-Medlab" has been
developed for both field and laboratory
use in developing countries. Contact:
Margaret Coles, M.T., RR 1, Box
43AA, Delhi, Iowa, 52223, U.S.A.

D
A bibliography on laboratory equip
ment is available from PATH.
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Small Equipment and Supplies
for Peripheral Laboratories

Peripheral laboratories, which are
attached to health centers and
first referral hospitals, vary widely
among countries but generally
perform basic microscopy and
specimen analysis using certain
stains and reagents. These
laboratories are essential to
diagnosing disease and pre
scribing appropriate treatments in
primary health care settings. In
addition, they provide important
data for disease surveillance and
control efforts. In developing
countries, where limited re
sources are spread over a variety

Small Equipment
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of needs, the benefits of a simple
diagnostic laboratory that uses
appropriate technology are being
increasingly recognized by health
program managers.

Due to the spread of AIDS,
hepatitis, and other infectious
diseases, greater attention is
being paid to laboratory safety.
In particular, concerns about
safety in handling specimens
prompt a closer look at pipetting
devices, protective clothing, and
at plasticware as a viable alterna
tive to breakable glassware.

Supplies

ISSN: 0730-8620

While last year's issue of Health
Technology DIRECTIONS cov
ered major equipment for peri
pheral laboratories, this issue
focuses on the topics of small
equipment and essential sup
plies. The first section describes
some of the more commonly
used pieces of small equipment.
The second section focuses on
consumables and reusable sup
plies. The final section ad
dresses management issues in
cluding safety, quality assurance,
and procurement of equipment
and supplies.

Management Issues

1992
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Selection of
Diagnostic Tests

To support primary health care
services, peripheral laboratories
need diagnostic tests that are in
expensive and easy to perform.
In selecting appropriate diagnos
tic tests for the peripheral level,
key features to assess include

cost, simplicity, reliability, safety,
equipment requirements, sensi
tivity, and specificity. Local
disease prevalence and the
amount of testing needed are
also important considerations.
Other issues include staff training
requirements, availability of ap
propriate equipment and re
agents, and access to treatment
for the diseases and conditions
being diagnosed.

The table below lists tests that
the World Health Organization
(WHO) considers appropriate for
peript)erallaboratories. Health
program managers might use this
list as a starting point for select
ing tests. They then can modify it
according to the local context, v

taking into consideration the is
sues mentioned here. A brief dis
cussion of some new rapid diag
nostic tests appears on page 8.

Essential Tests for Peripheral Laboratories

Test Method *Equipment and Reagents

Blood Equipment
Hemoglobin Hemoglobinometer, comparator,

-:-copper SUlfate,· or hemoglobincyanide Slides and coverslips

Hematocrit Microhematocrit centrifuge
Microscope
Hemoglobinometer, photometer, or

Leukocyte count Counting chamber
comparator and comparator tubes

Microhematocrit centrifuge and capillaries

Glucose -:-Reagent test strips Neubauer counting chamber with coverglass
Hand tally counter

Parasites Giemsa, Field's, or Romanowsky-stained Graduated and dropping pipettes

preparations Staining rack
Differential counVcell morphology Romanowsky-stained film Dip-staining jars

Interval timer
Erythrocyte sedimentation rate (ESR) Westergren Method Differential cell counter or bead counter box

Urine
Westergren ESR stand and tubes
Rubber bulb or thur:nb wheel aspirator

Nitrite -:-Reagent test strips, or: Alcohol lamp
Protein SUlfosalicylic acid method (for protein) Centrifuge and centrifuge tubes
Glucose Benedict method (for glucose)

Urinometer
Ketone bodies Rothera's test (for ketone bodies)

ThermometerBilirubin Fouchet's test (for bilirubin)
Blood Direct microscopy Measuring cylinders, beakers, and flasks

Test tubes

Sediment for leukocytes, erythrocytes, Direct microscopy Scalpel or razor blade
casts, and parasites Sterile loop

Wash bottles
Pregnancy -:-Test tube or slide method Tissue forceps

Specific gravity Gravimetric method ~

Sputum . Anticoagulant (EDTA)
M. tuberculosis Ziehl-Neelsen-stained smear Stains: Giemsa, Field's, Romanowsky, Ziehl-

Stools
Neelsen, Gram, Leishman's, Carbol
Fuchsin, and Wright's

Blood O-toluidine or guaiac reagent SUlfosalicylic acid

Protozoa and ova Direct saline and iodine preparation
Benedict's solution
Sodium nitroprusside crystals

Skin Glacial acetic acid

M.leprae Modified Ziehl-Neelsen-stained smears Ammonia
Immersion oil

O. volvulus microfilariae -:-Wet preparation pH paper
(onchocerciasis) Fouchet's reagent or Lugol iodine

3% acid alcohol
Pus and Exudates NaCI solution
Bacteria Gram-stained smear (especially for gonococci) or O-toluidine or guaiac reagent

-:-wet preparation Reagent test strips for urine and blood

Trichomonas in vaginal discharges -:-wet preparation
Formaldehyde
Latex reagent particles for pregnancy test
Drabkin's reagent
Alcohol, 95% ethanol
Barium chloride

-:-Methods that can be used in health centers with minimal equipment and reagents.
·Copper sulfate is used for anemia screening rather than for accurate measurement of hemoglobin concentration.
*This list can be adapted to suit local testing needs.
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The measurement of volume,
temperature, and time is essen
tial to many laboratory proce
dures. Equipment for performing
these tasks is generally less
expensive than larger pieces of
equipment but plays an important
supportive role. Since they are
used daily for long periods of
time, these devices deserve the
same careful consideration as
major pieces of equipment. (For
source information on the equip
ment described, see Materials
Available, p. 12.)

Pipetting Devices
The measurement of small
quantities is usually performed
with a pipette and pipetting
device. Pipettes and graduated
cylinders (primarily used for
measuring larger volumes) are
discussed in the section on
supplies.

Pipetting devices are needed in
the laboratory to measure and
dispense substances safely and
precisely. Good laboratory prac
tice dictates that mouth
pipetting rTlust be avoided be
cause it is hazardous. It may
result in transmission of infec
tions or in chemical or other
injuries.

For the basic health center
laboratory, several simple and
inexpensive instruments are
available to protect the technician
from the dangers of mouth
pipetting. Rubber bulb aspirators
are made in several different
sizes and shapes for use with
graduated capillary tubes and
pipettes. They are inexpensive
and effective for measuring
specimens and reagents accu
rately. To prevent fluid from
entering the bulb, pipettes can be
plugged at the end with non
absorbent cotton wool, when
available.. Glass pipettes should
be grasped firmly at the upper
end when being inserted'into a
bulb aspirator to prevent break
age. A newer type of aspirator is
the 'three-way-valve rubber bulb,
which has an air vent and pro
vides excellent pipetting control.
Its three stainless-steel ball
valves allow precise filling and
delivery. Nevertheless, it is more
expensive than a regular bulb
aspirator.

Thumb wheel aspirators a.lso
have a flexible end that allows
pipettes of different sizes to be
inserted and held firmly. The
level of fluid is easily controlled
by moving the wheel up or down
with the thumb.

Plastic bulb pipettes (pipette a.nd
pipettor combined) are inexpen
sive and can be used with both
specimens and reagents. Many
laboratories use them for remov
ing plasma from centrifuged blood
samples. They can be decon
tan1inated with sodium hypochlo
rite solution (bleach) and washed
and reused many times. They
cannot be sterilized in a hot air
oven, autoclaved, or boiled.

Pipettors. When more.accuracy
in specimen measurement is
desired, pipettors can be used,
either with glass pipette tips or
disposable plastic ones. They
are considerably more expensive
than bulb or thumb wheel aspira
tors (about US$100-200). Be
cause of their high cost, they may
not be appropriate for use in
peripheral laboratories.

Fixed-volume pipettors are
calibrated to measure a single
volume of fluid, whereas variable
volume pipettors are calibrated to
measure and dispense a range of
volumes. The calibration must be
checked periodically by setting
the pipettor to its mid-range and
measuring that quantity of dis
tilled water. The water is then
weighed on an accurate scale,
and the result is compared to the
standard weight for the same
volume.

Other Measuring Devices.
Bottle-top dispensers can be
used to dispense reagents
directly 'from a holding container
and are sold with adapters for a

Rubber bulb and thumb wheel
aspirators can be used for pipetting
specimens and reagents.
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When the coverglass is properly
attached to the Neubauer counting
chamber, colored bands appear
between the two glass surfaces.

Cell Counters and Counting
Chambers
Several devices exist for counting
blood cells and platelets. Basic
equipment includes instruments
for measuring and diluting blood
(such as pipettes), hemocyto
meters (counting chambers)
equipped with a cover glass,
hand tally counters; and differen
tial cell counters.

Staining Jars. Coplin staining
jars made of polypropylene and
capable of holding up to ten
slides are available. They
include a screw-cap lid that is
airtight to prevent evaporation.

in either glass or plastic. The
plastic ones are break-resistant
and therefore safer to use.

For counting cells under the
microscope, an improved
Neubauer ruled chamber is
recommended. It features a
metallized platform with bright
rulings that divide the micro
scopic 'field into distinct sections
to facilitate the counting process.
It is supplied with a special cover
glass. A simple hand tally
counter is usually used for
counting cells. This is achieved
by depressing the button on top
of the counter. After the count is
completed, the side knob is
rotated to return the counter to
zero. After the cells are counted,
the number of cells per liter of
blood is calculated.

Combination staining, washing,
and drying racks are also avail
able. The entire staining process
can be pel10rmed on these racks
without removing the slides.

Containers. Containers for
holding and dispensing stains
and reagents must be leak-proof,
fully sealed to prevent evapora
tion or exposure to moisture, and
easily opened without staining or
contaminating fingers. Stain and
reagent storage bottles that meet
these criteria can be purchased

available in black polyacetal
plastic, which is resistant to most
stains and solvents. When dip
staining is not appropriate, as in
the case of Gram and Ziehl
Neelsen procedures, smears can
be stained by placing two parallel
rods across a sink or staining
trough. If a staining trough is not
available, buckets or empty
cooking-oil tins can be used. The
parallel rods should be made of a
non-corrosive metal, such as
stainless steel, which can with
stand heat. Plastic or wooden
rods cannot withstand the heating
process during Ziehl-Neelsen
sta.ining. Iron rods corrode when
exposed to acids such as those
used in the modified Ziehl
Neelsen technique for leprosy
diagnosis.' Glass rods are also
problematic because they are
breakable.

f IIlIJ ~6
.~~
~~
'0.9
-t!:!

L ...·O'_,"',..,_.... ·_ § a
c:~
~-I
E~
octl'-- ....aLt~

A simple metal or plastic container
with two rods firmly attached to it
can serve as a staining rack.

wide range of bottle sizes. They
are durable and precise but
expensive (US $120-250). Digital
pipettors and microplate dispens
ers can perform rapid reagent
pipetting but are also very
expensive (US $150-400). They
are probably not necessary for
the testing needsof most periph
eral laboratories.

Plastic bulb pipettes are reusable
if properly disinfected.

Staining Racks. Dip-staining
units with a 25-slide capacity are

Staining Equipment
Several basic laboratory tests
require staining. For example,
differential white blood cell
counting and diagnosis of dis
eases such as malaria, tuberculo
sis, leprosy, and gonorrhea all
require staining. The basic
equipment required for these
procedures includes staining
racks, stain and reagent dispens
ing conta.iners, and staining jars.

All of the pipetting devices
described are safe, reliable, and
easy to use. Nevertheless, they
vary substantially in price and
availability. Laboratory managers
can select those most appropri
ate to local needs based on cost,
available facilities, and the
amount of testing performed.
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Some procedures require a multi
channel counter for differential
white cell counting. Mechanical
devices that operate like the
hand tally counter are available
but are very expensive, largely
because they are made of non
corrosive metal. A manual
differential cell counter made of
cheaper materials, such as
durable plastic, is needed.
Alternatively, a bead counter box
can be used to count cells, or
they can be taUied by hand.

Kits are available for total white
blood cell counting, complete with
instructions and all necessary
equipment. They can be used
indefinitely if an adequate supply
of diluting fluid is available and if
the capillary tubes are disinfected
with bleach after each use.

MUlti-purpose Racks
Nylon-coated wire racks are
rugged,easy to clean, light
weight, and autoclavable. They
are used for holding test tubes,
centrifuge tubes, and universal
containers. In addition, plastic
racks are available, some of
which can be autoclaved. Sturdy,
.non-breakable racks also can be
produced inexpensively from
locally available materials such
as wood. WHO suggests that
wooden racks be used with
caution, however, because they
cannot be sterilized and therefore
may increase the risk of disease
transmission. A wooden block

A bead counter box with six
marked compartments can be
used for differential cell
counting.

with wedges cut at about 75
degrees is useful for drying fixed
slides.

Timers
Mechanical timers are neces
sary for various laboratory
procedures such as staining.
Most interval timers with ringers
can time reactions lasting 'from
less than one minute up to two
hours. Simple, inexpensive
kitchen timers can be used for
this purpose. Some procedures,
such as Field's staining for
malaria, require a device that
measures in seconds. Many
timers are equipped with an
overwind protection mechanism
and can be purchased from
various supply houses. Inex
pensive digital watches with
timers also can be used to time
laboratory reactions. These
devices are useful because they
have a long battery life.

Calculators
Some laboratory procedures
require simple mathematical
calculations. For example, in
blood cell counting, it is neces
sary to calculate the number of
cells per liter of blood. In
laboratories that make up their
own stains and reagents,
quantities of stock solution have
to be determined. Other proce
dures require calculations for
appropriate dilutions of reagent
or specimen. Simple, durable,
solar- or battery-powered calcu
lators can be useful laboratory
tools. They are inexpensive and
widely available. Solar-powered
calculators, however, need
strong light for recharging and
therefore may be less practical
in peripheral laboratories with
low-lightconditions. A slide rule
can be used for calculations if a
calculator is unavailable.

Thermometers
Thermometers also have many
uses in the laboratory setting.
They can be used in water

5

Bimetallic dial thermometers are
accurate and easy to read.

baths, incubators, refrigerators,
and for procedures that require
heating reagents or specimens.
Mercury thermometers are highly
accurate and can be used in ,
ovens, water baths, incubators,
or refrigerators. Nevertheless,
they are toxic if broken and more
expensive than most other types
of thermometers. Some are
accurate up to O.2°C. Newer
thermometers made with thermo
chromic liquid crystal are inex
pensive, durable, and safer to
use than mercury thermometers.
The main drawbacks to
thermochromic liqUid crystal
thermometers are that they are
less accurate than mercury
thermometers, and observer bias
may occur when reading the
temperature.

Alcohol-filled glass thermometers
can be used in refrigerators,
freezers, and for low-temperature
measurements. They cannot be
used in heating reactions,
however, as alcohol boils at a low
temperature. In addition, they
are fragile, difficult to read, and
sometimes not as accurate as
mercury thermometers. Bimetal
lic thermometers are a good
.alternative because they have an
easy-to-read dial, are durable,
and measure temperature with
the same accuracy as mercury
thermometers. Nevertheless,
both mercury and bimetaUic
thermometers are expensive. All
thermometers_should be cali
brated against a high-quality
mercury thermometer of known
accuracy.
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Supplies

The difference between small
equipment and supplies is not
always clear since many types of
glassware, though not dispos
able, need regular restocking just
like reagents and consumables.

Glassware vs. Plasticware
Most of the commonly used
materials for collecting and
manipulating specimens and
handling and storing reagents are
available in both glass and
plastic. Borosilicate glassware
(glass treated with boron) has the
advantage of being resistant to
heat and to most strong acids
and bases. Nevertheless,
laboratory plasticware is a viable
alternative to glassware because
it is break-resistant, less expen
sive,and safer to use than
glassware. Plastic goods also
can be transported at lower cost
than glass because they weigh
less. In addition, they are
resistant to most chemicals
used in routine laboratory proce
dures. The table on page 7 lists
some of the common forms of
plastic as well as their uses and
characteristics.

Glassware and reusable plastic
ware need careful cleaning.
They can be disinfected in
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domestic bleach. Abrasive
cleaning powders should not be
used for cleaning plasticware as
they mar the plastic surface. (For
more details regarding proper
cleaning of plasticware and
glassware, consult the Manual of
Basic Techniques for a Health
Laboratory and Medical Labora
tory Manual for Tropical Coun
tries, Volume 1. Both are listed in
Materials Available, p. 12.)

Pipettes
Several different kinds of pipettes
are available, some of which are
made in both glass and plastic.
Graduated pipettes are more
versatile because they can be
used to measure different vol
umes. For example, a 5 ml
graduated pipette can be used to ,
measure any volume from 0.5 to
5 ml. Two types of graduated
pipettes are ava.i1able: to contain
(TC) pipettes and to deliver (TD)
pipettes. TD pipettes are gradu
ated to the tip, and all of the
measured fluid is dispensed.
These pipettes are often used for
transferring liquids being diluted
into other solutions or reagents.
They can be washed in the
diluting fluid after their contents
have been delivered. When TC
pipettes are used, some of the
measured fluid remains in the tip
after dispensing.

Volumetric pipettes can measure
only one fixed volume, but they
are more· accurate than gradu
ated pipettes. They are mainly
used in clinical chemistry tests
and cost about the same as
graduated pipettes.

Dropping (Pasteur) pipettes are
designed to deliver very small
quantities. (One drop equals

approximately 0.05 ml of liquid.)
They should be calibrated
periodically to ensure that they
are delivering the standard
volume of 20 drops equal to 1 ml
of distilled water. This'is done by
pipetting one ml of water into a
small tube. The water is then
drawn into the dropping pipette
and expelled into another con
tainer one drop at a time to
ensure that 20 drops are
delivered.

Graduated cylinders and flasks
For measuring larger volumes of
liquid and for preparing working
solutions, graduat~d cyl.inders
and flasks are used. They are
available in both glass and
plastic. The plastic ones are
made of polypropylene. They are
easier to clean than pipettes and

. are safer and more durable than
glassware. Brushes for cleaning
these cylinders are made in
various diameters and lengths.

Slides and Coverslips
Glass microscope slides and

TD and TC pipettes can measure
varying quantities of liquid,
whereas volumetric pipettes
measure only one fixed volume.



Stain and reagent storage
containers should be leak-proof
and firmly sealed.

coverslips are usually purchased
in bulk. After use, slides must be
washed, disinfected, and rinsed
several times. Immersion oil
should be removed before the
washing and soaking process.
Detergents can be effective for
cleaning slides and coverslips,
butthey may leave residues that
can alter test results if rinsing is
not thorough. Plastic slides and

coverslips often react badly to
detergents and hot water. Thin
coverslips are very 'fragile and
difficult to clean. Therefore, only
thicker coverslips tend to be
reused. When handling cover
slips, gloves are recommended to
prevent accidental cuts.

Stains and Reagents
Most of the commonly used
stains and reagents can be
locally made. Alternatively, stock
solutions and powders can be
purchased in bulk and used as
needed. Local laboratory pro
grams may want to conduct a
cosVbenefit analysis of local
production versus external
purchase. Factors such as
availability of raw materials and
equipment, production costs,

- transport and storage, production
volume, and the availability of
quality control facilities should be
considered when conducting this
analysis..Good manufacturing
practices mustbe applied to
ensure product reliability. In
some countries, such as
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Indonesia, small companies
produce low-cost reagents and
stains. In other regions, it is
difficult to obta.in good-quality
stains and reagents at low cost.

Whether purchased or locally
made, all stains and reagents
have special storage require
ments. For example, Giemsa
stain must be stored in dark, air
tight bottles. If dark bottles are
unavailable, regular glass or
plastic bottles can be wrapped in
aluminum foil to protect the stain
from light, which causes a
breakdown in its chemical
composition. If kept properly
stoppered, the stain is stable for
several months. All stains should
be checked to ensure -that they
maintain effectiveness and are

. not contaminated.

Filtered rainwater rather than
distilled water is often adequate
for routine reagents. If distilled
water is required, it may be
necessary to arrange for a supply
from local district hospitals.

Laboratory Plasticware*

Type Uses Autoclavable
Chemical

Strength/Durability
Resistance

Centrifuge tubes,

Polypropylene (PP)
syringes, flasks, ."

Yes High High
funnels, beakers,
containers

High-Density Polyethylene
Reagent bottles Yes (up to 15 min.) High High

(HOPE)

Low-Density Polyethylene
Wash bottles,
dropper bottles, No Medium Medium

(LOPE)
plastic bulb pipettes

Disposable
Low (but can be

Polystyrene (PS) No disinfected with Low
laboratory ware

bleach solution)

Low (but can be
Polyvinyl Chloride (PVC) Tubing, trays No disinfected with Low

bleach solution)

"'Based on information obtained from Medical Laboratory Manual for Tropical Countries, Volume 1, 1991, by
Monica Cheesbrough, pp. 44-45.
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The quality of the stain or reagent
cannot a.lways be determined
visually, and using poor-quality
substances may reduce the
effectiveness of the test and
increase costs by making repeat
testing necessary.

Needles and Syringes
Collection of blood specimens
requires an adequate supply of
sterile syringes, needles, and
lancets. For collecting venous
blood, a Luer-type polypropylene
or nylon syringe with 2.5 ml, 5 ml,

or 10 ml capacity is recom
mended. Both polypropylene and
nylon are break-resistant and can
be autoclaved or sterilized by
other methods for reuse. For
collection of venous blood, 19
gauge (size 18, bore 1.016 mm)
or 21-gauge needles are recom
mended. A supply of 23-gauge
needles (size 22, bore 0.610 mm)
also should be purchased for
collecting blood from children. In
addition, sca.lp-vein needles are
needed for children. When
purchasing needles, it is

necessary to specify that they
must have a Luer mount and long
bevel. It is also important to
purchase reusable needles that
can be sterilized adequately.

Specimen Collection
Containers
Specimens should be collected in
leak-proof, break-resistant
containers that have screw-cap
lids. Containers with snap-on lids
should be avoided because
infectious aerosols can escape
from them.

directions 112:1 1992



Management Issues
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One of the most important
aspects of laboratory manage
ment is safety, both for the
worker and the environment.
Safety measures begin with a
'firm policy followed by effective
worker practice and adequate
supervision.

Laboratory Safety
Safety Rules and Policy. Labora
tory work can be very hazardous
unless good safety practices are
followed. Avoidable accidents
are usually the result of inade
quate training and supervision of
the laboratory staff. Each
laboratory should have a set of
written guidelines, including a
code of conduct to follow in case
of accidents and a description of
how hazardous waste materials
are to be handled. At least one
person should be appointed to
monitor adherence to safety
measures and to inform the
medical supervisor of any prob
lems or deficiencies that exist in
the laboratory.

It may be helpful to appoint a
regional safety officer to inspect
all laboratories in a given
catchment area and to meet with
each laboratory supervisor.
Records should be kept of all the

safety measures taken in each
laboratory.

It is important to visit employees
regularly to ensure that they
follow safety procedure's; use
safety equipment; and report
incidents, accidents, and injuries.
All accidents should be investi
gated and staff retrained as
necessary.

Safe Working Practices. Safe
working practices include simple
personal hygiene measures such
as washing hands with soap and
water before and after proce
dures and covering cuts and
wounds to prevent infection.
Eating, drinking, and smoking in
the laboratory must be prohibited
to reduce the risk of disease
tra.nsmission. Where possible,
the health of laboratory personnel
should be monitored through
yearly physical examinations that
include chest X-rays.

To prevent contamination of
street clothes and skin, the
laboratory technician should wear
a special coat or back-fastened
outer garment. Protective cloth
ing should be cleaned at the work
site rather than at home. Labora
tory clothing can be soaked in
bleach for disinfection. Wearing
shoes, rather than sandals, is
recommended in case chemicals
spill or glassware breaks. If
dangerous chemicals are being
used, eyeglasses or goggles and
gloves can provide extra protec
tion. Having an eyewash bottle in
the laboratory is also useful in
case of emergency.

Bottles and tubes should be
placed in racks to avoid spills and
contamination of work surfaces.

When mixing solutions, opening
culture containers and ampoules,
and pouring infectious materia.I,
laboratory staff should try to
avoid splashes and spills. In
addition, a large tray should be
used to contain spills (especially
if the bench is made of porous
materials) when testing all
specimens. Aerosol formation
can be avoided by using screw
cap containers.

Safe working environment. A
well-organized working space,
with designated areas for per
forming specific procedures, will
increase efficiency and facilitate
disinfection of equipment. Desig
nating a separate area for
receiving specimens also will
help avoid contamination of
bench surfaces. If spills occur,
the bench surface should be
disinfected with bleach. Bench
furniture should be sturdy and
well-constructed.

Adequate ventilation is also
necessary to allow fumes to
escape. All windows should be
screened to prevent insects and
rodents from entering. Any
equipment that requires ventila
tion should be properly posi
tioned. For example, the chim
ney opening of a gas or kerosene
refrigerator must not be placed
under a shelf or in another
obstructed area that would
prevent exhaust from escaping.

Electrical equipment must be
checked on a regular basis.
Faulty equipment should be
removed from the laboratory and
not used until properly serviced.
Fire extinguishers are useful in
case of chemical fires. Other
wise, flames can be smothered
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with dry sand, earth, or a thick
woolen blanket. When possible,
glassware and delicate pieces of
equipment should be stored in a
custom-made cupboard with a
shelf, lock, and space for a
microscope.

Safe Use and Storage of Chemi
cals and Reagents. All chemicals
and reagents must be clearly
labelled with the correct name,
the date received, and the date of
expiration. They should be kept
out of direct sunlight to avoid
overheating. Hazardous chemi
cals must be marked with sym
bols indicating whether they are
flammable, toxic, or corrosive.

Flammable chemicals, such as
alcohols, acetone, and alcoholic
Romanowsky stains, should be
stored in a fireproof metal box on
the floor, preferably in a cool,
locked storeroom. If a metal box
is not available, a container lined
with a.luminum foil may be used.
Only small quantities of flam
mable solvents should be kept on
laboratory benches and shelves.
Bottles containing flammable
chemicals must not be opened
near an open flame, and matches
must not be used near them.
Any fire caused by a flammable
chemical should be put out with
an extinguisher or smothered
with sand, earth, or a blanket.

Corrosive chemicals, such as
concentrated sulfuric acid and
sodium hydroxide, should be
stored on lower shelves or at
floor level to prevent injury
caused by spills. Wearing eye
protection when opening or
pouring corrosive chemicals is
advisable. If a corrosive chemi
cal spills on the floor, the labora
tory technician should always
wear gloves and closed shoes
when cleaning the area. Caution
should be taken when diluting
concentrated acids, especially
sulfuric acid. Adding a small
amount of water to sulfuric acid
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produces sufficient heat to break
a glass container. Therefore, the
acid must be added to the water.

Chemicals that are toxic or
harmful on skin contact, such as
iodine and formaldehyde, are
best stored in a closed, locked
cupboard rather than on an open
shelf.

Disposal of Harmful Waste
Products. All infectious waste
should be autoclaved. If auto
claves are not available, boiling
or burning waste are the recom
mended alternatives. Waste may
be boiled in 'field kitchen cookers
or drums for at least one hour. A
preferable method for disposal of
sputum and stool collection
bottles, cotton, gauze, and other
waste products is to douse them
with kerosene and burn them in a
locally made incinerator. The
incinerator can be constructed
from a metal drum fixed with a
strong metal grating, an a.ir vent,
and a lid. The fire should reach a
temperature that is high enough
to achieve complete combustion.
The ash produced is not danger
ous and can be buried.

If burial is selected as a final
disposal method for infectious
wastes, they should be auto- .
claved, burned, soaked in dis
infectant, or boiled first. A pit that
is four to five meters deep and
one to two meters wide with a lid
is recommended for burial. The
upper rim of the pit can be
strengthened by lining it with
bricks or stones. Once a week,
the refuse can be covered with a
layer of dried leaves or quicklime.
This is not recommended fo~

disposal of plastic containers
because they are not biodeg'rad
able and should be burned.

Chemical disinfection of waste
products is considered a first-line
measure that should be followed
by incineration. The chemicals
must be prepared at the correct

dilution and must not be kept
beyond their useful life, which
varies according to the sub
stance. The articles to be
disinfected must be in 'full contact
with the chemical (usually for at
least 30 minutes) and not pro
tected by films of grease or
protein. All disinfectants, such as
phenols, bleach products, and
alcohols, are inactivated some
what by natural materials such as
protein and rubber and by
synthetic materials such as
plastics and detergents. They
are also toxic, and eyeshieIds are
recommended when making
dilutions of these chemicals;

Quality Assurance
Quality assurance (QA) is con
ducted to ensure that the final
results reported by a laboratory
are accurate. QA includes every
parameter affecting test results
and final reports. It therefore
requires attention to pre-analyti
cal and post-analytical factors as
well as to the analysis itself. Pre
analytical factors include selec
tion of the appropriate test by the
health care provider or epidemi
ologist, proper collection of the
specimen, and proper transport
and storage of the specimen so
as, to prevent a change in its
composition before analysis.
Post-analytical factors involve
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A simple incinerator can be made
from an oil drum equipped with a
metal grating and lid.



accurate recording and correct
interpretation of laboratory results
and their timely delivery to the
appropriate person. It is crucial
for every laboratory to undertake
a program of quality assurance.
The QA procedures to be under
taken will depend on the type of
tests performed in the laboratory,
the equipment used, the size of
the laboratory, the level of staff
training, and the number of
specimens handled each day.
This requires training in labora
tory management, proper com
munication between the labora
tory and other health care staff,
and maintenance of high stan
dards in laboratory technique.

QA at the Peripheral Level. The
recommended procedure for
quality assurance at the periph
eral level calls for designated
personnel from the first-referral
hospital to supervise the work of
health center laboratories by
conducting regular visits. During
these visits, all positive and
random negative specimens kept
by the technician should be
examined. Any specimens for
which diagnosis was unclear also
should be discussed. In addition,
it is important to examine the
quality of reagents and equip
ment being used and to hold
periodic in-service training
sessions for laboratory staff.
Finally, specimens can be
referred to the next level of the
laboratory network for analysis.
In Indonesia, QA is carried out in
the periphery by taking all
positive slides and 10 percent of
negative slides for malaria, TB,
and leprosy and cross-verifying
the reported findings at the next
highest level. In other countries,
this may be difficult because of
staff shortages and long dis
tances between peripheral and
reference laboratories.

In addition to this common form
of external quality assessment,
two other types of QA require

close supervision at the local
level. These are internal quality
control and surveillance profi
ciency. Internal quality control
addresses the level of accuracy
in measuring specimens, prepar
ing reagents, and calibrating
equipment. Examples of internal
quality control include performing
tests in duplicate and comparing'
the results, or performing re
peated tests on control speci
mens to see if identical results
are achieved each time.

Surveillance proficiency relates to
the overall organization and
supervision of laboratory ser
vices. It encompasses specimen
collection and labelling, recording
and reporting of test results,
equipment maintenance, person
nel training, and laboratory
safety.

Because these aspects of quality
assurance are not yet widely
practiced, it is necessary to
develop appropriate mechanisms
for implementing them at the
peripheral level. Laboratory
managers may want to explore
different approaches to arrive at
the most feasible method of
assuring quality.

Procurement of Basic
Equipment and Supplies
An organized scheme for order
ing supplies and equipment is
necessary if a laboratory is to
function properly and avoid
discontinuity in service. The
person in charge of ordering and
purchasing should be an experi
enced laboratory technologist
who is well-acquainted with the
conditions under which the
supplies and equipment will be
used. Decisions about standard
ization of equipment, supplies,
and reagents must be made in
consultation with peripheral
laboratories to ensure that they
match local needs and facilities.
Standardization of equipment
facilitates purchasing and can
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improve the availability of spare
parts. This lessens the likelihood
of an unnecessary disruption in
service.

An ongoing dialogue should exist
between government health
services, non-governmental
health organizations, and donors.
Countries should provide donors
with a list of the equipment and
supplies they have found to be
most appropriate for local use.
This will give donors important
guidance about what to purchase
and allow countries to play an
active role in deciding what they
really need. For example, in
Mozambique, equipment dona
tions are not accepted unless
they pass the scrutiny of experts
who provide advice on the
country's capacity to ensure
their adequate repair and
maintenance.

In general, costs can be greatly
reduced by procuring supplies in
bulk directly from the manufactur
ers or from low-cost supply
houses. Equipment also should
be purchased with an adequate
supply of spare parts.

CONCLUSION

With a modest stock of basic
equipment and supplies, periph
erallaboratories can enhance
patient care and optimize the use
of therapeutic drugs. They can
also provide crucial information
for disease surveillance and
control efforts if they are well
integrated into a network of
regional and central laboratories.
Health planners can enhance the
value of laboratory services at the
peripheral level by making sound
decisions on appropriate tests
and equipment such as pipetting
devices, rapid diagnostics, and
other important tools. Proper
decision-making will help make
laboratories safer and more
efficient.
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Materials Ava,ilable

Information on laboratory equipment,
supplies, and management issues

. can be obtained from WHO. For a
useful overview, consult: WHO/LAB/
87.2. For other publications listed
below, write: WHO, Health Labora
tory Technology and Blood Safety
(WHO/LAB), CH-1211, Geneva 27,
Switzerland, or to WHO regional
offices.

Other WHO publications on labora
tory operations include: Basic
Laboratory Methods in Medical
Parasitology, Basic Laboratory
Procedures in Clinical Bacteriol
ogy, Manual of Basic Techniques
for a Health Laboratory, Labora
tory Biosafety Manual, and Bench
Aids for the Diagnosis of Malaria.

The WHO AIDS series is a set of 9
documents on HIV prevention and
control. Document No.9 presents
gUidelines on preventing laboratory
acquired HIV infection.

D
For information on thermometers,
syringes, and needles, consult:
Product Information Sheets from
WHO/EPI at the above address.

D
Information on various diagnostic
tests also can be obtained from the
following WHO divisions at the
above address:

HIV tests: consult the WHO Global
Programme on AIDS (WHO/GPA).

Tests for hepatitis Band o'iher
blood viruses: consult the WHO
Global Blood Safety Initiative (GBSI).
Information on other significant rapid
diagnostic tests also can be obtained
from WHO/LAR

D
For information on tests to detect
sexually transmitted diseases
(STDs), write: Secretariat, STD
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Diagnostic Initiative, PATH, 4
Nickerson Street, Seattle, WA
98109-1699 USA.

D
Low-cost publications from Tropical
Health Technology include: The
Medical Laboratory Manual for
Tropical Countries, Volumes I and
II and The Community Health
Laboratory Manual for Tropical
Countries. Write: Tropical Health
Technology, 14 Bevills Close,
Doddington, March, Cambridgeshire,
PE15 OTT, U.K.

D
The African Medical Research
Foundation (AMREF) has produced
A Practical Laboratory Manual for
Health Centres in East Africa.
Write: AMREF Laboratory
Programme, P.O. Box 30125,
Nairobi, Kenya.

D
For information on low-cost
equipment and supplies, contact the
following organizations:

HAMLO (Aid to Medical
Laboratories in Developing
Countries), Wilhlminapark 52,
3581 NM Utrecht, The Netherlands.

Solmedia Tropical Laboratory
Supplies, 6 The Parade, Colchester
Road, Romford, Essex RM3 OAQ,
U.K. (Solmedia publishes a yearly
list of equipment including white
blood cell counting kits, and plastic
bulb pipettes.)

Equipment to Charity Hospitals
Overseas (ECHO), Ullswater
Crescent, Coulsdon Surrey
CR5 2HR, U.K.

UNICEF Supply Division Pro
curement and Assembly Centre,
UNICEF Plads, Freeport,
DK-21 00, Copenhagen 0, Denmark.

D
A bibliography on laboratory
equipment is available from PATH.




