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THE INTERNATIONAL COOPERATION- ADMINISTRATION (ICA)
EXPERT PANEL ON MATLARTA

REPORT AND RECOII!&}EM'DATIONSo

I. UNITED STATES POLICY OX MALARIA ERADICATION

1.

Statement of Policyo

The policy -of the Government of the United States in support
of the global campaign to eradicate malaria has been clearly set
forth end reiterated in each of the Mutual Security Acts, bhegin-
ning with that of 1957

¥Melaria Eradication. = The Congress of the
United States, recognizing that the disease of malaria
o « o constitutes a major deterrent to the efforts of
many peoples to develop thelir econemisc resources. o o
declarsesg it to bs the policy of the United States to
assist other peoples in their efforts to eradlcate
malaria.®

This position is a logical wutgrowth of the anti-malaria
work which has made history in the United States. From thé very
start the U. S, has taken the lead in waging war on malaria.
Mants effective control of malaria began sixty years ago in
Havana incidental to the Corgas campaign against yellow fever;
the same United States leader amazed the world by conquering

‘malaria = and yellow fever = in Panama, both essential to the
building of the Canal.

The Us. S. spent. large sums in protecting its troops, at home
and abroad in two World Wars. During World War I, malaria was
recognized for the first time as a national problem in the United
States. Before World War II all state health departments in ma-
larious areas had special anti-malaria divisions. The wartime
cooperation of the USPHS, the Medical Depariment of the U. S.
Army, and the State Boards of Health culminated fifteen years
ago in complete naticnal coverage. This led to a declared policy
of malaria eradication; and by 1950 malaria had been vanguished
in this country.
' i

It vas an American foundation (Rockefeller), which initiated
international anti-malaria work, and supported the malaria pro-
gram of the Health. Section of the League .of Natiomns, in its formae
tive years.



¥hile the World Health Organization still existed only as the
Interim Commission, tho United States delggation took the lead in
agsuring thal .tho attack on malaria was given a priority second to
“none. In successive years since then, duly authorized -and instructed
“offiecial dolegates to the Pan American and World Health Organizations,
and to the United Nations Chlldrent's Fund, have consistently urged
greater and greator anti~malaria efforts by these important agencles.
This has borma fruit. The world is now committed to malaria eradi-
catlon. . :

Malariologists everywhere, facing this gigantic undertaking, ;
are encouraged by the repeated, and ever more emphatic,’ states
nments by the President, on United States policy of continued“and
. unflagging aid to global malaria eradication. Im April of this

Year the President reaffirmed thils-policy in these words: ¥iWith
todayts scientific knowledge, malaria can be eradicated from the .
face of the earth. We have congquered malaris in the United States.
fhe World Health Organization is bent on a campaign to eradicate
it throughout the world. Our nation has partieipated actively in
this campaign and will continue to do so in the future. Ridding
the world of malaria would mean an enormous increase in human
betterment = the surest road toward world stability and peace.W:

U. 8. Appraisal of World Bradication - 1960.

Expert Panel on Malaria,

Late in 1959, it became apparent that an independent appraisal
of the status and prospects of the rapldly expanding global program
for the eradication of malaria was needed to orient discussions of
future United States particlpation. In December, the Intermational
Cooperation Adminigtration (ICA) named a panel &f.twelve American
experts to consider the future position of the United States with
respect to malaria eradication.” The ICA Expert Panel on Malaria
has met on four occasions between the first week in’ January and
- the last of April, 1960, to evaluate the present situation of the
malaria eradication,program and make recommendations on future
‘United States participation in world-wide malaria eradication.

The Panel reviewed briefly the history of malaria eradiecation,

studied.the reports of progress achieved in individual nations

throughout the world, and considered the technical and adminis-
trative problems involved.

Terma of Reference of the Panel.

The terms of reference of the Panel cover'a-wide scope. & A
was given the followlng specific tasks:

a. Assess the progregs of - world-ﬁlde malaria eradjcation
and consider the future position of the United States
on malaria eradication;

-2 -
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3.

b, Estimate fubure program requirements in time, personnel,
commodities and research and predict the fubure of Mees
laria eradication;

¢ Review the over-all financial situation, estimats future
costs and advise on how to induce other countriss to con=
tribute to these costs;

d. Examine and advise on special epidemiological featurss,
summarize technical problems and provide gound orignta-
tion;

6. Assess ICA relationship to malaria eradication and sd-
vise on ICA administrative problems; and

fe Advise how malaria sradicatlion in Africa can be under-
taken effectively.

Befora presenting its findings and resommendaticms which
follow, the Panel wishes to express ils pride in the part the -
United States has played in the inauguration of this great pro- -
gram. It recognizes and applauds this countryts contributions
to the special malaria funds of the Pan American and World Health
Organizations, and its direct participation in fitancing bilui~
eral malaria eradication campaigns. Many countries, partieulsrly
the less well developed onss, would have been unable to urnderhake
such programs, were it mot for this very pracitical help. They
cannot, in fact, continue effestively without it.

Find So

Malaria Eradication is Feasible

Eviderice has accumulated since the malaria eradication pro-
gram was launched, firmly supporting the feasibility of world~
wide malarla eradication. Tt is obvious that global eradicatism
must come about a5 the cumulative result of successful nation=
wide eradication programs in sll malarious countries; successful
malaria control programs, limited to the more heavily populated,
geonomically important areas of a couwatry fail to promote the
mutuval long-range interssts of all malarious countriss.

The principal method of achieving eradication continues to
be the application of residual insecticide to habitations to
destroy the vector = a houss-frequenting mosquito = and thus pre-
vent transmission of the malaria parasites. In gituations whers
the hablts of the vector or the living conditions of the people
at risk make residual insecticiding ineffective, alternate methods
may be required. These ineclude larviciding, elimination of breed-
ing places, 'and the use of anti-malaria drogs. To achieve eradi-
cation it is essential that thers be (1) a complete geographic
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delineation of all malarious arcas; (2) a total -attack on malaria
transmission in such areas; and (3) thorough surveillance to ap-
praise results and to prevent reinfectioun.

" A number of technical problems have appeared which complicate
malaria eradication. These include Insccticide resistance of the
mosquito vector, drug resistance of tho malaria parasite, vari~
ability and modification in thc type and construction of dwelling
to be sprayed, nomadism and mase population movement, and unusual
habits of the mosquilto vector, Ixperience shows that early and
contimting epidemiological evaluation and entomological research
are required to recognize and solve these, prcblems where they
axist.

Reslstance of wmosquito vecltors to insecticldes used in re--
sidual spraying continues to complicate eradication programs,
The number of vector species resistant to DDT or disldrin has
steadily increased and as of early 1960 comprised 21 species (one
to DDT alone, 13 to dieldrid alone and 7 to both DDT and dieldrin),
present in areas of at least 29 countries. The resistance prob-
lem is intensified by the wide-spread use of insecticides for
agricultural purposes and is certain to become more acute the
longer these insecticides are used. Other insecticides such as
malathjon, to which resistance has not yet appeared; can be used
in eradication but their employment will be more costly. Every
offort should be made to initiate effective eradication programs
in a1 arcas as soon as practicable to make the most rapid prog-
ress while there is still minimal resistance to DDT. Careful
study of mosquito populations is necessary to detact the onset
of resistance and intensified research must be aimed at the de~
velopment of cheap, safe; substitute insecticides effective
against resistant mosquitoes. In evaluating the overall sig-
nificance of the resistance problem, the Panel members are confi-
dent that this is not now an insurmountable obstacle to malaria
eradication and that adequate research will provide the means for
achieving the final objective.

Resistance of the parasites to anti-malaria drugs has appeared
in widely scattered areas of the world. In general, -the phenomenon
1s sporadic and limited to proguanil and pyrimethamine. ¥Fortu-
nately, parasites resistant to these .drugs currently respond well
to other agents such as chloroquine and amodiaquine. The Panel
believes the use of drugs will continue to be an important adjunct
to programs of malaria eradication.

Continued research is neseded to produce a drug with prolonged
preventive action, preferably up to six months; and to solve the
problem of drug resistance.

Eradication of malaria in any large area may be nullified by

" the reintroduction of the parasite. To minimize this danger there
should be total coverage over entire areas of epidemiological
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equivalence, as though political boundaries did not exist, and
within which infected individuals move freely. Especlally acute
problems off this sort occur where nomadism exists.

As has been demonstrat.ed in many geographic areas, malaria
eradication can be achieved in 8 years or less. Programs are
normally one year of administrative preparatior, including sur-
veys, 4 years of spraying, and 3 years of surveillance. Experi= '
ence has shown that social and economic benefits will be evident
after-the first or second year of spraying. It should be recog-'
nized, however, that in certain countries, due to administrative,
firancial or technical difficulties, country-wide eradication may
require a longer period. Popular and govermmental suppert,. quite
substantial during the early phase of eradication when dramatiec
reduction in malaria was occurring, has been difficult to maintain
for the essential final work in peripheral populations and iso=
lated foci.

At present there is ambigulty as to the standard dosage for
residual insecticide -and the minimal frequency of application.™ |
The recommendations of the WHO Expert Committse frequently have
been interpreted as indicating that two grams per square meter
(2 gn/m?) of technical DDT should be applied every six months, or
0.6 gm/m2 of dieldrin every twelve months. On the basis of recent -
laboratory data and field experience, it is apparent that a .
stendard treatment of 1 gm/m? of DDT every six months is adequate -
unless entomological and epidemiological studies show that under
local conditlons other dosage, other insecticide or other sched-
ule of application is indicated. In case of DDT resistance,

0.25 g of dieldrin, every six months, should be adequate pro-
vided that resistance to dieldrin does not exist. In the case of
resistance to both DDT and dieldrin, malathion is recommended as
a substitute. Dosages of malathion have not been establlshed,
except on mud walls, whers 1 gm/m2 every three ‘months 1s recom-.
mended.

' Tt -is important that epidemiological and entomological studies
be ingtituted in each country along with spraylng operations to
obtain information essential for the effective and efficient use

© of insectic ide.

13

The .results of the world-wide malaria eradication campaign
to date are encouraging. As must be expected in a world of infin-
itely varied forms and degrees of soclal, ecoromle and cultural
development, and of political stability, progress of malaria -~ -
eradication has not been equal throughout. There have been exag--
gerated. expectations in some quarters stemming from lack of under-
standing of the technology involved; and even more so of the .
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political, administrative and financial arrangements required for
snecessiul application of that techrology. In general, progress

toward the elimination of malaria, globally, since the world-iride

prozrant was lawnched, dospite the human, physical and technical -

obstaclos, is btruly grﬁtlfjing, and fully justifies the expecta-
tion that the world-wide gosl, uwnique in public health history,

i1l be achleved.

It seeme evident that in certain countries eradicatilon will
bs sccomplished, or virtually accomplished, within a period of
five or six y¢ars from the dute of the indtiation, or conversion
of control programs to eradicatiom.

In the light{ of egradication experience in many countries, an
arbitrary YetandardW sipght-year program has been adopted, longer
than the minimal time required in some nations, perhaps not long
enough in some othersg offering unusunal obstacles. Eradication
programs are only now being started in some malarious countries,
or have yet to be initiated in others, particularly in some of
the evolving nations of Africa. But it must be emphasized that
malariocloglsts have been surprised abt the accelerated development
of programs, once the concept of eradication has seized the im-
agination of the pcoples concerred.

The responso to the call by WHO in 1955 for global eradi-
cation has been even more enthusiastlc in malarious countries
than had been anticipated. The number of countries and terri-
tories in various stages of the campaign rose from 60 in 1956 to
95 in 1959.

The time has been too short for amy of the campaigns to be
completed, but the numbers of persons under protection by spray-~
ing has risen to the astonlshing total of over 500 million. . The
U. 8. Government may take pride in having sparked this campaign,
which is already helping people equal in number to about three
times the population of the United Stabes. This is incomparably
‘the greatest gingle public health program of all time.

The dramatic reductions in death and iliness from malaria .
(frequently more than 50% after the first year of complete cover-
age by spraying) have made the campaigns generally popular and
have laid the foundation for basic economic improvement.

" Through the malaria eradication ‘program, government has, in
many areas, for the first time established public health contact
with tens of miliions of persons, mostly in rural villages. In-
response to the avwakened popular demand created by this contact,
government is in some of these arcas, beginning to take other
practical steps to improve health. Public health work tends lo
snowball under popular pressure; this popular pressure itself is
a force to impel government to complete malaria eradication.

-0 -
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Experience shows that vigorous public.health eduecation to
convince the individual that he and his family do not have to have
malaria and to enlist his active participation, greatly facili-
tates malaria eradication.

Obstacles to Progress

Failurse to Approve Adequate Finapcing. Before a project ls
initiated, adequate financing for the whole program should be
agreed upon in prineiple and funds allocated each year well in
advance to prevent the possibility of a shortage of funds delaying
or interrupting operations. Failure to do this has been almost
ruinous to some eradication projects.

Weakness of Administrative Structure. Many health ministries
are slow in making the major adjustments needed for a successful
malaria eradication campaign. Creation of a semi-autonomous body
is strongly recommended; this requires negotiation-and new legls-—
lation. ¢

Shortage of Trained Manpower. This problem is well-nigh
universal. It calls for special training courses organized a
year or more in advance and for competent personnel to be made
available promptly for the course. Especlally important is the
training of administrators - not only for supply, transport and
finance - but aiso for the wider functions of public health ad-
ministration. For most malarious countries, these men must be
trained abroad. Pending their preparation, the country must
depend on international cooperation for the supply of such key
persommel.

Shortage of Specialists. This applies to all categordes
generally, but, in the United States especially to medical public
health administrators and epldemiologists trained in malaria
eradication. Suitable courses for the training of these special-
ists are not now offered by any university or school of public
health in the United States.

Lack of Basic Epidemiological Data. In many countries, con-
eiderable time, often a full year, must be devoted to the ecollsc—
tion of basic information, including the preparation of a 'malaria
map" delineating the malarious areas and a eensus of human habi-
tations with estimates of the extent and kind of wall surfaces to
be found.

Inadequacy of Reporting. In marny projects, spraying operations
and evaluation have been instituted without proper provision for
detailed reports of what is occurring at & glven place at a specie
fied time. Reporting mst be improved to permit of comtinuing
analysis of progress on which corrective action can be based.

-



Shortage of International (PAHO/MWHO) Teams of Epidemiologists.

These teams are invaluable for checking national projects and fa-
cilitating an interchange of current experiences Unfortunately,
they have-.not always been available when needed.

Duration

(=]
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The Panel is unable to suggest a terminal date for global
eradication because:

&
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A malaria control program does not become one of eradi-
cation merely by changing its name, but only by reor-
ganization to the rigid specifications of eradication.
The standard eight~year period may not be adequate un-
less the whole area is brought under spraying promptly

.with.no major errors and no Important interruption in

operation, and without encountering any major technical
obstacle.

Although the number of countries and territories that

have announced a pelicy of malaria eradication has risen
since 1956 from 60 to 95, some of these are not yeb
fully operational.

Many other countries still have pilot studies underway,
upon which final plans must be based. The duration of
such studies cannot be predicted with any degree of
accuracy.

Estimates of population in malarious countries whers
sradication has not yet begun are probably inaccurate.
Experience has shown that the population to be coversd
in certain countries condueting eradication projects
has been greatly increased by the inclusion of. large
nurbers of people in areas only lightly malarious. In
India, alone, for exemple, these numbers run into more
than- 150 million.

Problems of resistance are increasing. Although these
are not insurmountable, they may lengthen the duration
of the campaigns in the countries involved,

Local finaneing may fail, Unless extermal funds are
promptly available, operational breakdowns will inevi-
tably lengthen certain programs.

WHO estimated that world-wide eradication of malaria
would cost $1.7 billion from calendar year 1959 to its
completion. This figure includes sstimates for the
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Bommunist combtriss (includinmg Chima), and Africa and
the cost of three years of surveillance for all programs,
at am annual rate ranging from 40 to 75% of the annual
sont of spraying.

On the basis of information presently avallable from WHO,
PAHO, ICA, UNICEF, and other sources, the Panel esilmates
that for the psricd beginning with calendax year 1960,
the cost of sradicatimg walarls in the fres world will
not be less than $1,3 billion, of which $390 million
would be forelgn exchange cost and the equivalent of
£#950 wmiliion would be dccal cuxrency cost.

The above estlmates of minimum cost are in terms of
dollars of pregent purchasing powsr and of basic pro-
cedursea currently followed in the conduct of the eradi-
sation programs. They do not aliow for technical and
administrative contingsncies or improvements which ex-
porience suggesis will occur. Not leas than 50%- in the
cass of total cost, and not less than 25% in the case
of foreign exchange cost, should be permibted as an
adequate safety factor in such long term estimates.
Aomual revision of estimntes on the basgis of additional
expariencs is essential. .

bo RECOIMENDATIONS.

The Expert Panel on Malaria has expreszed pointa of wiew and
opinions and mads suggestiong sud recommendations throughont the
body of this report.

The prineipal recormendstions of the Pamel on United States
Poliocy are thats

o

bo

AN : P

United States support of world-wide majaris eradication, -
& program accepted amd approved by the nations of the
world at the World Healih Assembly in 1955, continve
until the ebjective is achieved;

the Unlited Stotes contimue the support necessary for the
tiwely completlon of the 24 counbry programs in which

- . ICA io presemtly participating; pushing through to ths

end in Wndia, Indonesia and Brazil is especially important;

tho United Stetes consider support for additional country
errdisatlon projects in regponce to the clear ‘initiative

of patiopal governments, espedially in countries with large
populations such as Paliistan, and giving preference to
sountrles adjecent to thoss whers eradication projects are
in progresss
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tho toL:ﬁ lovel of ‘moloarla ersdicatlon finzmcmg from
c1l sourcos not bo povaltted 4o deelivio vatil a large
nusbar of countaios paso from the attack phoge into
survelllance and boyond; -

" the United Statos moke efforts to obtain substantielly

larger contributions to the Malaria Brodication Spesial
Accounts of PAHO and WO from the momhoer goverzmnents of

- econzmically edvanced cowtries; nsanvhile, the United:

Statoo maintain its contributions to tho Spoclal Accounts
at adeguato levola;y encourageroat be glvon to dountilesn
vhich have coradlented mxlaris, to aoalst in the remalnder
of tha global campaignj

during' the surveillama phase of IG! =pupportod programa,
rosidu:zl financinl contributions by the United Staten bs
mode available if recuired to inoure their completlony

‘the United Statoa'giva moparato consideration to Treplesl

Afriea; ICA cooparate intimatoly with U0 in planning
eradicatlon for Africa as & oimgle program; the Unlied
Staten talkte the initiative, withoub Rm‘iudﬂchrf manris,
axadieatien elsovhors, pococibly by crecting on Afriean

Haloris | Fund, and cook the participation of other na.tiona;

ICA provide funda for e:rpnnded ragoarch in epldemiolegy,

" purvelllonce, entemology, inssct rosistance, dezage and

cycle of application of imsecticido, chemotherapy, pet
slatont fumigonts, end aich other problema ag mAy emsrgoe
in the courso of eradication; .

ICA encourags the recruitmont of medical public health

adminlstrators and epidoniclogiote cnd provide for thelr
training in malarie eradication, by owboidizing sultable
courges in echools of public health im ‘the United States;

ICA insist on early and continuing epldeniological evalus
ation of eradieation projocte in which 1t participates

" and be prepared to withdraw its support frem projects

where fallure to rcgioter reaeswdble progreos sen be ate-
tributed to the laelk of pgovornmont support ow inadecgumy
of adninistrative controls; . °

centra.lized control of ICA malaxie emdication funds be
continued to inours adsquate priorities and cecordinationy
allocation for maloria eradication under normal cauntry
program procedurcn nov be midos and thab
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1. ICA negotlate new bilateral agreements with cowntries
whtich have not yet begun malaria eradication on the
basis of the MAdministrative Principles in Malaria
Eradication Programs' outlined just below. Further,
in countries where malaria eradication programs are
alrsady in operation, ICA undertake to get acceptance
of these administrative principles:

ADMINISTRATIVE PRINCIFIES IN MATARIA ERADICATION PROGRAMS

The Director of a National Malaria Eradicatien Program has the prime
responsibility for seeing that malaria is eradicated in his country. To
do this, he should have full administrative authority; that is, effective
control of nationally budgeted malaria eradication funds and of resources
made available for the program; and also, control of personnel, including
hiring -and firing. Care must be taken in the selection of a Dirsctor
competent -to exercise this authority.

Malaria eradication programs require dedicated leadership and strong

-organizing ability. A vigorous sense of responsibility and disecipline is

eggential in the Director of malaris eradication programs. He should have
the Jjudgment and ability to delegate authority and to comma.nd respect. He
should be strong in dealing with inefficiency.

The enforcement of these prineciplses should be delegated by the
Director to all levels of supervision in his organization, down to the
lowest supervisory echelon.

It should be emphaslzed that responsibilitiles are assigned not only
for operation, but primarily, for resulisj responsibility is not discharged
by spraying a certain number of houses, but by interrupting malaria trans-
mission.

In malaria eradication programs, the area of activity should be di-~

" - vided into geographic units, each wnder an individual who has complete

responsibility for the accomplishment of malaria eradication within his
area.

Experience has proved that success in eradicating malaria depends in

‘large measure on adequate supervision and checking of assigned tasks.

Great emphasis must be placed on this point. FEmployees should be taught
to expect thorough checking of aszigned tasks and inevitable disciplinary
action for failure or neglect in' discharging their assigned duties.

Experience in eradication programs has proved that when these admin-
istrative principles and procedures were followed, success was certain.
Experience has also demonstrated that when these principles have been
neglected or ignored, eradication programs have suffered serious delay

.with increased costs and threatened failurs.
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HISTORTCAT, BACKGROUND

1.

Beforg DDI.

In 1881, a French army doctoy, Laveran, in Algerla discovered
in a patient%s blood the parasite that causes malardia. Then, in
1898~99, Ronald Roass, in Indla, and Grassl, Bigraml, and Bastianelld,
in Rome, proved experimentally that the malarla parasite is transe«
mitted from person to psrson by mosgaitoess Moreover, Ross and
the Ttalians, alded by cobservationas of an American pathologist,
MacCallum, and others, made it clear that the malaria parasite 1s
not simply carried from one person to another, but that the malarda
parasite mist go throvgh an esseonblal developmental period of ten
days or more in the body of the iwnscct before the mosguito can
transmit it. So, too, it was qulckly deamonstrated by these and
other observers of many nations that the parasite can develop only
in mosquitoes of a single germs, Anopheles. Gradually, frnom obser—
vations all over the world ii became clear that only certain specles

~of Anopheles feed on man often enough to be effectlve carriers of
malarias Also it was found that these malarla mosquitoes have prep -

ferred hahits as to the type of water in which they lay their eggs
which develop lubo agquatlc larvae and pupass Some arnorhelines
select marshes, some streams, some puddies, some lagoons, some
ponds and some springs, and so on. Also, the adults of some species
were found to prefer Indeor resting places In the daytime, others
outdoor shelters. Most of the malaria—carrylng specles were found
to feed gt night inside human habitations. A1l of these and cer-
tain other fundamental. secrets of malavia were exposed during the
first third of this century by the genlus and patient studies of
many men in many nations.

Attack on Mosculto Vechors

. In view of these baslc discoveries the modern attack on ma~
laria began with attempts to desbroy the causative parasite in
man and the trensmitiing insect in natureg the former by quinine,
the latter prineipaily by larvielding and drvainage. 4Although
Watson in Malaya, Corgas in Cuba, Chagas in Brazll, and others, -
succesafully attacked the malarie mosquito in the early years of
the century, many sclemtisis still doubted the sconomic feasi-
bility of conbrolling mosquitoes. So, for many years there was
widespread reslstance to anti-mosgqulto measures for malaria
control.

Antl-darval. Sclentists of the United States proved to be
the most influential in proving not only the feasibility but also
the econcmic wisdom of combeiting malaria by attacking the larvae
of the anopheline vector. Gorgas and ILe Prince in the Panama
Canal Zone, 1904191, the Unlted States Public Health Service in
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southeastern states, 1912 onwards, and The Rockefeller Foundation
at home and abroad, 1916~1954, repeatedly demonstrated the effed~
tiveness and economy of malaria control by anti-larval measures.
The ‘cumulative effect of these deménstrations gradually led %o

the wldegpread practice of larviciding and dralnage. This greatly
reduced the incidence of malaria, chiefly in urban communities,

"' since cost was a deterrent in rural areas.

. Anti-adult. TIn 1935, Park-Ross and de Meillon of the Publie-
Health Service of South Africa reported success in controlling ma-"

~ laria at relatively low cost by attacking the adults of the malaria

mosquito in their daytime resting places by systematic spraying -
with pyrethrum in kerosene. This novel method of malaria control;

. the efficacy of which was soon confirmed in India, pointed the way
which has led to the present era of malaria eradication. Pyrethrum
- had no residual effect, making frequent spraying necessary, but it
proved to be more effectlve and cheaper in many areas than lar.
vieciding had been. For the first time in history it became eco~
nomically posgible to control malaria in parts of the rural tropics.

Species-eradication. In 1939-40, Soper and Wilson and their
Brazilian colleagues adapted the admimlstrative techniques devel~
oped, some years previously for the species-eradication of the
yellow fever mosquito, Aedes aegypti, to the eradication of
MAnopheles gambiae in northeast Brazil, where this most dangerous
of Africats vectors had established a bridgehead almost a decade
earlier. later (1944-L5) these techniques were adapted to the
"eradication of Anopheles gambiae from Egypt, which had been in-
vaded from the Sudan in 1942. These demonstrations of specles-
eradication of vector mosquitoes were, athough the method is
not generally applicable, especially valuable in validating the
concept of eradication among malariologists.

Spontaneocus Disappearance of Malaria Paraaife.

The eradication of Anopheles gamblae from Brazil led to the
clear-cut observation of the rapidity of the dramatic fall inm
malaria rates produced by halting transmission and preventing new
infections. Anopheles gambiae, introduced from Africa, had transg-
formed a very low endemic infection into a raging epldemic, killing
many thousands, and producing among the survivors a parasite rate
of 65.5%. By the end of the first year of effective anti-mosquito
- work, the blood parasite rate had fallen to 9.8%; at the end of the
second year, the infection rate was only 0.45%. This observation
added materially to the evidence indicating that the humen body
throws off most malaria infections within thruve ysars, even in the
absence of specific Llreatment, when reinfection is prevented. This
is the basic mechanism of the disappearance of malaria on which
eradication is predicated. ‘ :
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Role of United States.

United Stabes Pablic Health Service. The United States Public
Health Service (USPHS) has been the most powerful force in the de-
velopment, f£irst of malaria control, and then of eradicatlon In this
comntry. Beginning aboub 1912, the USPHS developsd an educational
program followed by malaria fleld studies and conbrol demonstra-
tions that made possible an extensive and successful anti-malaria
program during the World War I period. Over 40 anti-mosquito pro-
jects in some 15 states protected one and three-guarters million
eivilians and some 3C0,000 military personnel. Many towns that
benefited by this px ~odect continved the control measures after
the war. Thanks to USHHS stimuilation and help, malaria control
programs were extended into more and more rural areas, especially
after Paris green became available as a larvicide in 1921,

Depression Relief Agencies. Then during the depression years
of the 1930%s, when m~xy factors combined to promote endemic and
even epidemic malaria, the Civil Works Administration, Emergency

Relief Administration, and Works Progress Administration, carried
out many anti-malaria projects, supervised and stimulated by the
USPHS.

Malaria Control in War Arcas. GCommencing in 1942, vigorous
malaria control programs were initiated by the USFHS and the U. 3.
Armed Forces around and ingjde training camps and cantonments in
nany southerm areas. MNo fewer than 2200 anti-malaria projects
were carried out in 24 states. This tremendous eifort, added to
the routine control programs in various counties, reduced malaria
to a low level by the end of the war and led tc the decision to
undertake malaria eradication iIn the United States.

The concept of national malaria eradication had been born in
the United States a generaticn before. Ons of the earliest state-
ments was that of F. L. Hoffman who, im 1916, published #A Plea
for National Committee on the Eradicatioh of Malaria™ and in 1917,

" A Plea and a Plan for the Eradication of Malaria.? These pleas

were not fruliful immediately iu promoting malarda eradication
because available anti-malaria methods were not financially prac—
ticable. However, The National Malaria Comittes was formed in
1916; it was from the work of this Committee that the seeds of
eradication in the United States eventually germinated.

United States Bilateral Progrem — ITAA, The Institnte of
Inter~fmerican Affairs (1IAA) was Incorporated im 1942 by the
United States Govermment, one of its purposes being cooperation

"with the American Republlcs in the solutiom of their urgent

health programs. I-Ia.la.“ia., the most urgent of those, was from the
beginning, given top priority. IILAA participated i malaria con~
trol projects in 17 of the 19 Republics having malaria, with rela-
tive freedom from the bureaucrahic restrichtions under which
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national health services labor. This participation vae a praelude
to expanded bilateral participation of the United States throughe
out the world in malaris control projects and eventually in world-
wide malaria eradication. .- - - -~ R I

The Reckefeller Foundation. Another agency that had a powelw
ful impact on malaria control and on the development of the concept
of eradication was the Rockefeller Foundation. From 1916 to 1954
the Foundation cooperated in malaria investigation, training, and
control projects in 15 states at home and some 45 countries and
territories abroad. In its program it stimulated and aided (1)
research to elucidate general and local problems of malaria inci-
dence and transmission; (2) practical control demonstrations; (3)
training programs; and (4) the establishment of nationsl malaria
services and official organizetions and institutes for malaria
study and control. In this way the Foundation had an Important
part in laying foundations for the present remarkable acceleration
in mants attack on malaria.

‘Notable in the Rockefeller Foundation effort was the specles~
eradication of Anopheles gambiae in Brazil and In Egypt already
referred to. )

Early Role of Intermational Health Agencies.

The Pan American Sanitary Bureau. The Pan American Sanitary -
. Bureau has had & profound influence on the development of malaria
eradication in the Amerdicas. 'The Buresu’s anti-malariz activities
at first were chiefly collecting data, conducting surveys, and
stimulating anti-malaria projects and the training of persomnel. .
A Comisidn Panamericana de Malaria was set up in 1938-40 consisting
of outstanding malariologists from the United States, Venezuela,
Brazil, and Argentina. The creation of the Pan American Health
Organization in 1947, gave to the Bureau hemispheric coverage es--
sential to malaria eradication. The initiative of the PAHO in
declaring for malaria eradication and the activities of the PASB
as regional office of the World Health Organization will be dis~
cussed below.

The Ieague of Nations. The Health Section of the League of
Nations was created in 1923. It set up in its first year a sub-
committee that in 1924 became its Malaria Commission.- This Com-
mission developed considerable cooperation between nations in
the exchange of information about malariz, in laboratory expsri-
ments, and particularly in the training of personnel for malari-
elogy. ' The Commission did much to make clear how the epidemiology
of malaria varles from place to place sc that local studies are
important in the plamning of control. It also stressed the ad-
vantages of killing adult mosquitoes in houses as a measure of
control. fThe league convened several important mestings, including

AR
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ag noted above, Park-Rogs reported the first successiul malaria
control by the pyrethrum spray-ldliing of adult malaria mosquitoes.
M1 dn all, one would say that the Malaria Commission of the Health
Section of the League of Natlioms was highly influential in stimu-
lating govermnments to pay attemtion to malaris and to think of ma-
laria control as an internationgl problews Although the United
States was not a member of the Longue of Natlions, the cooperation
of some of its leading malertologists was enmlisted and financlal
agsistance from the Rockefeller Formdabion accepbed by the Health
Section.

t};ﬁan African Health Conferencs in Johammesburg in 1935 at which,

Farly DDT Period.

In 1939~40, Maller and colleagues in Switzerland, searching
for a chemical that would ki1l clothes moths, synthesized DDT and
soon found that it would not only 411 the moths but many other
troublesome ingects as well. Even more important was the dls-
covery of these obseirvers that DDT has a ramarksbly long-lasting
Ki1ling effect. The DDT residue on a sprayed surface continues
to destroy the insects that come lnto contzct with it for many
months after the spraying.

Investigators with the U. S. Depertment of Agriculture Labo-
ratory at Orlando, Florida, conducting ressarch with funds pro-
vided by the Department of Defense demonstirated in 1943-44,
through exhaustive laborgtory and {ield studles, that anopheline
mosquitoas aire destroyed for several months when the surfaces on
which the insects rest are sprayed once with DDT solutions or
water emlslions. Investlgators with the Armed Forces, Tennessee
Valley Authority, U. S. Public Health Servlce, and other agencies,
confirmed these findings in various parts of the world.

Eradication of Malarda Becomes Poagible.
A RN . v W AT el A e R TR T T AR W N 1 T A T )

- ‘These results definitely indicated the feasibility of uti-
lizing DDT residual spray for the control, and, eventually, the
ergdlcation of malaria. With DDT 1t is not necessary to hit the
insect at the time of spraying, as in the case of pyrgthrum, but
only to spray the surface on which it rests. If, at some time or
other, during the essentlal 10 days or longer when the parasites
are developing in i1ts bodys; the insect rests on the DDT residus,

1t dles before it can spread any malaria. When the malaria-

carrying mcosquitoes of a co iy are ld1led before they have
time to become dangerous, transuisslon cannot ocenr and malaria
fades away. Regldual sprays such as DDT accomplish this 1dd11ing
more effectively and cheaply in the average commnity than any
other weapon ever devised. Resldusl spraying makes eradication
practicable.

The advent of DDT made it possible to control malaria very
economicallys Since the residual action of DDT when sprayed on
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the walls of hwman habitations was effective in killing anopheline
mosquitoes for mamy months, the oxpense of malaria control was
reduced to the cost of sproying 21l houscs once or twice a year.
In the use of DDT, malariologists had a mcthod for the control and
eradication of rural malaria at a rnaaonable cost. -

When the usefulness of DDT became apparent in 1942-43, the
United States and the United Kingdom governments moved at once
- to make it widely available. So effective were the efforts of
the United States that over 9-1/2 miliion pounds were produced
in the country in 1944 and over 47 million pounds in 1947; in
1959, the U. S. production reached 157 million pounds.

. Malaris DBradication in the United States. The appearance of
DDP coineided with the determinatlion reached in the United States
to eradicate malaria. Plans for the use of Paris green larvicide
were abandoned; the new Insecticide hastened eradication and
greatly reduced its cost, In the United States, parts of which
were previously highly malarious, the only epidemic observed in
more than a decade was a small outbreak of 35 cases infected in
1952 by mosquitoes which had fed on an infected veteran from
Korea. During the same period no endemic foeli of transmission
have been found, in spite of the large number of infected soldiers
returning to thls country and the relatively large number of in-
fected travellers and migrant laborers entering the United States
anmually.

Fradication in Thaly. In Ttaly, well before the end of World
War II, Soper et al. had experimented with DDT as a house spray,
first at Castel Volturno, near Naples, early in 1944 and later .
the same year at Ostia Lido, on the coast near Rome. Before the
transmission secason of 1945 all of the builldings were sprayed in
the Tiber Delta and on the Maccarese Flain, where Missiroli, a
leading -Ttalian melariclogist, had been studying malaria for many
years. The cessation of malaria transmission in these areas and
the dramatic results obtained with DDT at Fondi after June 1945,
led Missiroli to outline publicly on Jammary 20, 1946, a plan for
the eradication of malaria in Italy within five years. Italy's
successful nation-wide eradication program began that year (see
Annex I, p. 106.) in the Province of Iatina, with the very im- _
portant support of UNRRA in the purchase of DDT and motor vehicles.

In Ttaly, also, conversations began in 194l among repre=-
sentatives of the Italian Government, UNRRA and The Rockefeller
Foundation relating to a joint effort to eradicate Anopheles
labranchise from the island of Sardinia, (Annex II) ths most
malarious part of the country. Plans erystallized in 1945 and
the campaign in Sardinia was inaugurated in 1946. The rapid de-
cline and eventual disappearance of malaria in Sardinia, and in
Italy as a whole, once malaria transmission ceased, gave added
support to the observation that malaria eradication occurs spon-
taneously in a very few years when reinfection does not occur.
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~ 7 Eradication in South America. In South America, Gabaldon in
Venezuela (Annex IX) and Giglioli im British Guiana, were amomg
the first to test spraying houses with DDT, outside of the United
States, and to realisze iis potential as an efficient msasure for
malaria eradication.

Participation of Inmiernational Health Agencies. For the
intermational health agencies, aanti-malaria work from the first
had a high priority in programs for aid to underdeveloped coln~-
tries. A priority for malaris control was set by the WHO when
it took over from UNRRA which itgelf had started important anti-
malaria work. As a matter of fact, to UNRRA goes the credit for
assisting the firgt Europsan national programs in Greece and in
Italy which led to malaria eradication im Ttaly, as mentioned
above, and to approaching success in Gresege. The UNRRA program
came to an end soon after the end of Vorld War II, and other
significant financing for emti-malaria work was not forthcoming
for geveral years. The anmual budgets of the Pan American and
World Health Organizations were pitifully smail; orly as UNICEF
became interssted and as Technical Assistance funds became avail-
able through the United Nations could thase health orgaunizations-
undertake active collaboration in malarias control. Thus these
agencies had 1little part in the early projscts which demonstrated
the feasibility of eradication.
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I1l. INTERNATIONAL MATARITA ERADICATION

The latroduction of DDT halted the extenslon of expensive

drainage works and costly larviciding operatlons, and led to the
control of malaria in many agricuitural areas, where the iso-—
lation of dwellings one from another makes other methods of con-
trol impracticable. Thus was the door opened to the development

of nation-wide control programs. These in turn led repeatedly to
the confirmation of the observation that malaria, as a mosquito-
borne disease, disappsars from an infected population within a few
years after transmission ceases. The further observation has been
made that malaria reappears in cleared areas only when reintroduced
by an infected person from an endemic zone.

1.

Pan Amerdcan Malgria Eradication Program.

1950 Reconnaissance — XTIT PAS Conference.

In 1950, a reconnaissance by the Pan American Sanitary Bureau
of the malarious countries of the Americas showsd that nearly all
countries in this hemisphere with a malaria problem were engaged
in serious efforts to control it, many of which were assisted by
IIAA. Malaria was absent from Urugnay, eradicated in Chile and
in the coastal zore of British Guiana, and in the United States,
and was greatly reduced in Argenitina, Brazil and Venezuela. Con-
trol programs were well adwanced in most of the other countries.
So -rapidly had programs expanded that approximately 50% of the
estimated total homes in the malarious zones of the Americas were
sprayed that year. It was hoped that the remaining homes would
soon be brought into the program. To stimulate farther program
extension, and envisaging the possibility of eradicating the
disease from the Western Hemiephere, the XIIIL Pan Amerdican Saeni-
tary Conference (1950) recormended that the Pan American Sanitary

" Bursau stimwlate and coordinate anhbi-malaria programs and arrange

economic assistance where possible to individeel countries, with
a view to achieving the combimental eradication of malaria.

Difficulties and Danger: DBT Regigpoat Anopheles.

Campalgns were expanded by Covernwents, trained technicians
were provided by PAHO/WHO and aquipment, and materials were sup-
plied by UNICEF to the Caribbean and Central American area and to
four South American comntries. Malaris controli cawpaigns were
initiated in every mwalaricus country of the hemisphere., The
disease toppled from its position as the leading public health
problem in the Americas. Hopss were high, axd Lhe householders?
enthusiasm for the method appearsd to Insure success of the
eradication program.



But success was not to come so easily. Unfortunately the
housefly, which was the housecholderfs visible mecasure of the. value
of any insecticide, developed a marked resistance to DDT, and the
residual spray program lost much of its ihltial prestige. The -
publicity given to the rapid reduction in malaria following the
introdugtion of residual spraying resulted in the general convic-
tion that malaria was no longer an important problem and could
safely be disregarded.

195 Reconnaissance.

Instead of rapidly increasing appropriations, a lag set in,
and a second rocomnaiscance by the Fan American Sanitary Bureau
four years later, (1954), showed that a large number of homes in
malarioug areas still were not included in control programs.
Authorities reacted to other fiscal pressures and reluctantly
appropriated funds for controlling a disease which seemed to cause
but 1little damnge. This situation, disappointing as it was, might
have been accepted for the time and gradually improved from year
to year in individual countries as opportunity appesred, had it
not been for the threat inherent in the development of resistance
to DDT by certain Anopheles.

Urgency of Fradication Recognized.

It is most unfortunate that resistance developed befors ma-
laria had been eradicated, since the pre~DDT control methods aTe
too expensive for general use in rural areas and are limited
because of cost o0 urban and village application. It was obvious
that malaria should be eradicated from the fwmericas before
anopheline resistance to insecticide became too great.

XIV Pan American Sanitary Conference Acts on Eradication.

Government representatives at the XIV Pan American Sanitary
‘Conference, 1954, recognized the danger of prolonged control pro-
grams, and the consequent hazard of -the development of DDT-
resistant strains of Anopheles resulting in the return of epidemic
malaria, and called upon the Bureau to immediately develop the -
program of continental eradication to meet the threat. The Confer-
ence recognized the need, as the eradication program progressed,
to consider measures to provent the immigration of infecied persons
into areas already free from infection. The Conference stressed
the utmost urgency in achieving the continental eradication of ma-
laris, and urged the member governments to convert immediately
all control programs into eradication campailgns.

Conversion from Control to Eradication.

Realizing the urgency of the situation and the need for quick
action, the XIV Conference, 1954, authorized an immediate annual
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2.

increase of {100,000 in expenditure to emable the Bureau to imple-
ment the Resolution of the XIII Conference of 1950 M. . . to pro-
vide for greatest intensification and coordination of anti~-malaria
work in the hemisphere, stimulating existing programs, facilitating
interchange of information and furnishing technical and, whenever
poasible, economic assistance to the various countries with a view

to achieving the eradication of malaria from the Westerm Hemlsphore.%

Consldering the obvious inadequacy of this sum for financing active
collaboration with governments in the extension of national pro-.
grams, the Conference called upon the Director of the Bureau to -
gecure the financial participation of organizations, public and
private, national and 1nternation31, in financing its melaria
eradication activities.

The sequence of events in the Americas has been given in some
detail because it was in its area of infiuence that the concept of
continental eradication was born; its technlgue developed and ad=

- ministrative action taken.

World Mzlaris Eradication Program.

Executive Board of UNICEF and UNICEF/WHO Health Committes

The mandate of the XIV Pan American Sanitary Conference in
October 1954 was followed in January 1955 by the deciaion of the
Government of Mexico to undertake the eradication of malariz.
Mekxicots appeal to UNICEF in March 1955 for assistance in its
eradication program led to the decision of the Executive Bozrd of
UNICEF to consult the UNICEF/WHO Joint Committee on Health Policy
as to the suitability of malaria eradication for the application’
of UNICEF funds in the field of health. The Joint Committee met
on May 1 and gave enthusiastic approval to malaria eradicatlon

_ for incluslon among the nrograms worthy of UNICEF supporto

"VIIT Wbrid.Health Assenbly Acts on Global Eradication

1

The VIIT World Health Assembly, the governing bedy of the -
World Health Organization, meeting im Mexico City a few days after
the action of the UNICEF/WHO Joint Committes, considered the action
of the XIV Pan American Sanitary Conference aznd the recommendations
of the WHO Mzlaria Conference for ths Western Pacific and South- .
East Asia Regions (November 195.) ard declided that "The Worid Heslth
Organizabion should take the indtiative, provide the technical ad-
vice, and encourage research and coordination of resources in the
implementation of a programme having as lts nltimate objestive the
world-vide eradication of malaria®.

For the financing of WHO Malaria Eradication efforts, the
Assenbly established 2 Malaria Eradication Special Account to re=
¢elve and use spescilal voluntery contributions from whatever ssurce.

UNICEF Support.

The actlon, in 1955, of the representatives of the nations of
the worid in the goverming bodles cf UNICEF and of WHO showed that
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the peoples of the world greatly desired to be freed of malaria.

Most were able and willing to provide for local costs, but found

it impossible, with their depreciated ocurrencies, to purchase in-

secticides and equipment from-abroad. Fortunately, as the global

eradication campaign got underway, UNICEF not only embraced the

eradication concept but declared that henceforth it would no longer

" supply insecticide and equipment for malaria control, but only for -
eradication. Thls provided a great stimulus to malaria eradication,
and UNICEF!'s continuing sizeable asslstance and moral support, are
heartening encouragement to those who realize that the eradication .-
program must not stop until world-wide success has been achieved.

USA SuEEort

IDAB Report. In 1956 the Intermational Development .Advisory
Board (IDAB), fired with enthusiasm by the concerted action of PAHO,
UNICEF and WHO, made a study of the possibilities of malaria eradi-
cation in the countries in vhich ICA conducted cooperative malaria
control programs. The Board advised the conversion of all control -
programs to eradication and the initiation of all new anti-malaria
vork with the objective of eradication.

In the course of its study, the IDAB undertook to estimate the
overall cost of the eradication of melaria from a selected list of
countries of immediate interest, some sixty in all, and concluded
(IDAB Report, April 13, 1956) that M“a widespread malaria eradication
project during the years 1957-61, inclusive, could be carried out
for a five year total of about $519 million", including the expen-
diture by each national government on its maiaria eradication pro—
gram.

U.S. Contribution to PAHO and WHQO Malaria Funds. It was
obvious that the resources of PAHO, WHO and UNICEF wer's inadequate
to meet the cost of technical orientation and coordination and the
importation of insecticides, materials and motor transportation for
eradication programs in so many malarious countries. An initial
contribution of {1,500,000 was made by the United States to the
PAHO Special Malaria Bradication Fund in FY 1957; later the Congress -
approved the ICA plan for U. 8. malaria eradication assistance to
a number- of countries on a bilateral basis, and for an annual con~
tribution to the Speeial Funds of the PAHO and WHO for a five-year
period. In December 1957 WHO received its first special contri~
bution from the U. S. for the eradication program, and the PAHO a
second contribution.

Tmportance of United States Support. The importance of United
States support te the malaria program cannot be overestimated. The
action of the Congress, in 1957, sponsoring malaria eradication in
the Mutual Security Act (see page 1), was a major step in the line
of development.beginning with the war-time creation of the institute
of Inter-Amcricen Affairs {(ITAA) (1942), previously referred to,
followed by the Marshall Plan for Rurope (1948}, the Point IV Pro-
gram (1949), and now embodied in the Mutual Security Program.
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Unde® the administration of IIAA in the Americas, and elsewhers
suceassively under the Economic Cooperation Administration (ECA),
Mutuval Security Agency (MSA), Technical Coopsration Administra—
tion (TCA), and Foreign Operations Administration (FOA), malaria
cofitrol continued as a high priority in foreign aid programs, in
the late 1940s and sarly 1950s, in both hemispherss and on both
gidéa of the equator. The International Cooperation Administra-
tion (ICA), the successor of FOA, with which IIAA is now inte-
grated, has contirued this emphasis on mnlaris control and in due
course has supported the concept of eradication and tranaformed
control projecte to Sradication. Over sixty million dollars
(£60,000,000) wes spent by the United States on malaria control
in ‘other countries from 1942 through Fiscal Year 1957 prior to
the initiation of malariz eradiecation.

¥With the adoption by ths United States Government of a policy
of support of malaria eradication, ICA undsrteock to apsist coopsr-
ating Governments in conversion of malaria control projects to
eradication. In the thres-year period begimming July 1, 1957, the
United States, through ICA, expended over &85 million (Table II)
in cooperative malaria eradicatlon projects and in contributions
to the Special Malaria Fuands of PAHO awd WHO. The United States
support provided techniesl assistance; training, research, and
provision of commcdities (such zs insecticidss, vehicles, spraysrs
and laboratory squipment). United States support hes been essen-
tial to the developaent of melaria esradication; as it is teday.
In terms of long term welfare of mankind, malaria eradication is
probably the rost significant progrom sponsored by the Undted
States foreign aid policy. ;
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Iv. PROGRESS IN MALARTA ERADICATION

The introduction of the residual insecticide DDT during World War

IT provided o new approach td effective malaria control, and paved the

way for national, regional and eventually werld~wide malaria sradi-
- cation. The decision of representatives of governments meeting in the
n< Pan Ameriean Sanitary Conference in 1954, and in the Executive Board
' of UNICEF and the World Health Assembly in 1955, to unite in the common
cause of malaria eradication, has no precedent in the history of man-
kind. The declaration by the Congress of the United States in 1957 of
"the policy of the United States to assist other peoples in their eof-~
forts to eradicate malairia" is the f{irst declaration by any nation of
war to the finish against a disease afflicting the humen race. The
United "States support, through both bilateral and multilateral channels,
hds been of outstanding importance in the signal progress achieved in
recent years in the struggle to abolish malaria.

Acceptance ‘of the malaria eradication concept is vital to the suc~
cess of the global program, which requires that all pockets of en-'
demicity anywhere in the world, however remote, be wiped out, removing
all foei of “transmission and sources of reinfection.

1. Global Acceptance of Concept of Eradiecation.

Fortuoately this concept has been accepted, at least in prin-
ciple, by virtually every country in the world. Some eighteen
geographical or political units listed as separate entitles by the
1958 UN Demographic Yearboolk have completed the Jjob. Sixty-six
other such political uwnits have eradication programs; of these,
twenty have large and populous areas where malaria is no longer
.found and twenty~two others have once malarious areas where new
infections are no longer occurring. Thirty-two other countriss
and territories are preparing malaria eradication campaigns.

USSR and Eradication.

The USSR has been engaged in eradication since 1952 and has
scheduled its completion by 1962. It has called attention to the
dangers of reinfection from neighboring countries, and ls stimu-
lating the development of eradication programs in Mainland China,
North Vietnam and elsewhere.

2. Summary of National Eradication Projects.

T Only 37 political units, largely in Africa and Asia, have
not yet initiated negotiations for. the coopsration of bilateral
or international orgenizations for eragdication programs, pilet
projects or preliminary surveys. In the Americas, Cuba and Haiti
alone do not yet have organized eradication efforts. {Amnex III,
Table I, Phe ].lj"”llll-t)
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Ot approximately cnc and a guarter billion people subject to
malaria, 250,000,000 1live in areas where molaria is reported to
have been eradicated, 55,000,000 live where transmission has been
interrupted, and 730,000,000 are scheduled to be covered by eradi=-
cation pregrams in 1960. Only some 183 million live where no plans
of eradication have been formiloted. (fnnex IIT, Table IT, p. 115.)

Summary of ICA Bilateral Projectu.

The progress of malaria eradication in countries assisted

directly by ICA is shown in Table III, pp. 116~117. Of the 24

eradication projects listed, the largest is India, where ‘it has
been estimated that one~third of the malaria problem of the world
is concentrated (exclusive of Mainland China). India has over
390,000,000 people living in malarious .areas, all of whom are
scheduled for protection during 1960. The most advanced ICA pro-'

k gram is in Taiwan, where eradication is practically complete. In

an intersive survey carried oubt in :959, only 167 infected persons
were found in an examination of more than 750,000 blood smears;
almost all of the positives were old infections.

Administrative and Financlal Considerationas.

-Althbugh gsubstantial progress toward the global eradication of

" malaria has been made, the program has been marked by delays due to

technical, administrative and financial problems. While these prob=-
lems were to have been expected and are not cxcessive in view of the
magnitude and range of the world-wide program, thoy must be évercome
if oradicaticn is to be accomplished uithﬁn anticipated time and

" budgetary limits.

One great difficﬁlty has been the reluctance of governments to
egstablish malaria eradication organizations with the necessary

" authority and financing as outlined in the administrative section

of this report. FEradication reguires a high degree of competence
and the eradieation organization mist have sufficient legal and
administrative authority to operate efficiently. In many cases
eradication has been attempted through existing malaria control
organizations, and all too often the eradication program has had
to struggle with inadequate financing and lack of administrative
authority. To be effective, eradication efforts must be given
full governmental support and frecedom of action; anything less
leads to unnecessary delay and a serious waste of funds.

In each country the technique of eradication differs in
administrative measures from those of control. In combrol one
may commence.operations in an obviougly malarious area and expand
slowly until arsas of low infection are rcached or until funds
ars exhausted.
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5. Need for Long Term Planning.

Eradication camnot follow a laisscz-faire procedure. Those
preparing for an eradicatlon campaign must estimate and budget
for each year of at least an elght year program. The first year
is one of preparation and is given over to organization of staff,
procuring of equipment ahd materials, moking a comprehenslve
malariometric survey, a goographical reconraissance and training
of personnel.

Admini strative Phases of Eradication.

After this first year of preparation come four years of
attacks four years of house~spraying with residual insecticlde
Yo Interrupt transmission and give time for infection to die out
in the human host. The four years of attack are followed by
three years of surveillance (final or consolidation phase) o
fully confirm the absence of malaria, all within the projected
eight year Eeriod«

. After survelllance, the national health service must assune
regponsibility for meintonance until malaris ig gone from the
world, lest reinfection from abread take placs.

Befors a program is initiated, budget must be assured for
staff, equipment, materiels, and training in each of thesge eight
years, because any interruption of a national program after it
has been launched, may require a repetition of all four years of
attack, adding greatly to the cost of eradication.

Tn very large countries it is sometimes necessary for
pudgetary or personnel reasons, for govermments to divide the

. eountry into two or more comvenienbly sized areas, to commence

operations in these areas successively, by stages, rather than
attempting full, nation~wide coverage in the firat year.

lessons from Experience.

After the experlence of the past four years, malariologists
are much better able to cope with the technical and administra-—

tive problems of eradicatlion in all parts of the world., Especially

valuable have been the lessons learned in Ceylon, Greece, Liberia,
Mexico, Philippine Islands, Taiwan, Thailand and Venezuela.

Ceylon.

In Ceylon, where malaria transmission had been completely
interrupted for some years in the heavily populated parts of the
island, discontinuation of house spraying was followed by rein-—
fection from the peripheral fringe area which had nol been ade-

. quately covered. A similar experience was registered on a
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somewhat larger scale in the Philippine Islands. In both cases, a
- costly reorganization of the program was necessary. In Greece,

" one of the first countries in Burope to undertake cowditry-wide DDT
Bpraying, eradication was delayed for years through failure to
cover the summertime habltatlons of .agricultural workers involved -

" - in seasonal movement.

Liberia. ' o - -

In Liberia, it has been found that early fallures to stop

. transmission with DDT could be corrected by carefully searching ) -
out and spraying the habitations {rice kitchens) on the farming

plota, somatimes at quite a distance from the villages.

'.lifs.rsésg-‘
.In Moxico, thers has been ample proof of the value of thorough

education of the top authorities of the country and the people them-
selves, of the methods and objectives of the malaris eradicatlon

- program; an analysis of the situation after two full years of spray—

ing revealed continuing transmission in a few of the previously
" malarious areas, suggesting thati considetrable saving in opsration
costs might have been made by earlier epidemlological evaluation.

Taiwali«

In Taiwan continuing epidemiological evaluation produced.
important results: a) adaptation of the spraying program to the -
needs of different areas; b) the identification of the few remain-
ing foel of residual transmission; c¢) the concentration of sure
" yeillance in and about these foci; and d) considerable savings
in operational costs: (See Annex II p. 107.)

Thailand.

: Thailand, in spite of several years of very successful spray-.
dng in limited areas, still reports the mortality from malaria to

be almost twenty percent of the initial rate; the failure to ex-

" pand and Gévelop & truly nation-wide program has proven quite costly

_ and delayed eradication unnecessarily.

: Venezuela.

In Venezuela, the results with DDT have been phenomensl in
the reglon infested with Anopheles darlinei but transmission has:
continuaa, in spite of spraying, in two widely separated areas -
infested by anophelines which feed outside human habitatlonse
(8ee fmnex IT p. 110.)
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Flexibility Essential.

The basic lesson learned from these programs is that one
camot plan a complete national program from the beginning and
blindly follow the calendar of proposed operations; rather is
it important that constant studies be made to identify those
areas where transmission ceases immediately after spraying and
those areas where transmission continues. -The adaptation of
methods to local. problems will result in greater efficiency,
:reduce the period of the eradication program and permit con-
siderable economies. )

The de;elopment of the technical advisory staffs of ICA, .
PAHO and WHO and their intimate cooperation are making possible
the rapid dissemination of the lessons learned in each country.

1

Importance to Children.

UNICEF, which embarked on support for malaria eradication

_programs in Iatin America as early as 1955, recognizes more and

mora the importance to the children of the world of malaria
eradication, and is deveting more than a third of its budget to
this single program.

Hope for Africa.

In recent years the results of field investigations and
pilot projects in Africa have indicated that eradication in this
continent may not be much more difficult.technically than else-
whers. (See Tropical Africa pp. 95-97.)

Optimism.

Representatives of countries from all parts of the world
glve increasing voice each year, at the World Health Assembly,
to the determination to get rid of malaria. Similar declarations
of purpose are registered in the Pan American meetings each year.

Outstanding progress in the eradication program is recorded.
Even more imporlant, the development -of technical and adminis—
trative ability is producing an almosphere of oplbimism and deter-
mination in the malarious countries of the world to get on wilh,
the Job of global eradication. No other proposal for -interna-
tional cooperation in health has had the wmiversality of re-
sponse that has been accorded lo the malaria eradication program.
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Today, Just over two years after the United States began
to provide assistance to the world malaria credication program
through bilateral amd multilateral chamnols, this Government
can Justifiably take prido in Lhe prosent situation and in
the proapeots for the futuro.



V.

FUTURE COST

The Panel has considered estimates prepared by WHQ, PAHO and ICA
of the total resources needed for the completion of world-wide malaria
eradication. These estimates, covering whatever period of years may
be required for final success in a large number .of diverse countries
with varying operating conditions, asubject at times to politiecal
changes, camuoet have the degree of precision expected &6f annual na-
tional budget estimates. These estimates do however serve to focus-
attention on the genseral magnitude of the effort that infected coun~
tries, international organizations and supporting govermments must
make to assurs success.

Unlike the Malaria Repoert of the Intermational Development Advi-
sory Board (IDAB) of 1956, which attempted to outline costs of a
lirited effort during a five year period {excluding all of Africa,
the Amazon Valley of South America and a number of highly malarious
areas in other parts of the world) the Panel is attempting to project,
the cost of completing world eradication with the omission only of
Mainlend China and a few other territories for which data are lacking.-

1. Cost BEstimate.

Cost Elements. The cost elements have been grouped into:
1) foreign exchange cost, 1.e., goods and services which the ma-
larious countries as a rule have to import from abroad, such as
insecticides, spraying and transport equipment, microscopes and |,
advisory services; and 2) local currercy cost, l.e., payments
for labor and administrativeé services and incidental goods that
the malarious countries have available in their ovm economies.
Where ouiside assistance is glven it usually refers to the whols
or to a part of the foreign exchange cost.

Foreigh Exchange Cost.

- As regards the estimate of foreign exchange costs, the Panel
has followed the WHO unit cost method (see WHO Dogument PA/12.,6 -
of 29 January 1960). Details of the calculations are set forth
on page 38.

‘In conformity with its own recommendation pertaining to the
normally required dosage of insecticide per unit of sprayed sur-
face, the Panel has, based its estlmates of the cost of insectiw
cides on the assumption that its recommended reduced dosage will
be used in most countries. The presnnt estimate is based on the
‘admittedly arbitrary assumption of assigning,a 2 gm/m2 dosage of
DBT to the countries of the Americas, where this dosags is belng
generally used in well advanced programs, and a 1 gm/m dosage to
other regions. PFuture experience will be needed to arrive at a
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realistlc geographical pattorn of dosapge distribution in conformity
with the secientific, physical, political and administrative factors
that will determine the final declsions in this matter.

" Tocal Currency Cosba

. As regards the estimates of local currency costs, the Panel .
has considered the cost experience of counitries for which records

are available as well as certain forecasts made by various au-

thorities in the field. In general, local currency cost expressed .
in dollars tends to be twice as large as foreign exchange cost,

with the notable exception of India where, due to speciel circum-

stances, such as high concentration of population and home pro-

duction of a certain amount of DDT and some equipment, local

currency cost tends to be three times as large as foreign exchange

cost.®* 1In cases where no information is available, e.g. for

African countries, the Panel has computed the local currency costs

by multiplying the estimated foreign exchange cost with a factor

of 2.h4 which reflects the effect of reduced dosage of insecticides.

The cost estimates contain far-reaching implicit assumptions
pertaining to administrative effieciency, monetary stability, and
the development of insectlcide resistance. Furthermore, tech-
nolegical Innovations would naturally create an entirely new cost
pvicture, . : .

Total Cost .

Summarizing Table I, page 36, it can be ssid that the eradi-
cation of malaria from the presently malarious non-communist’
countries and territories, comprising a total exposed population
of about 960 million people, will probably require foreign ex-
change expenditures of $#390 million.and local currency expendltures
of $950 million, or a total expenditure in excess of $1.3 billion
during the period begimming with calendar year 1960. Included in
these figures are the costs of completing the programs already
under way as well as the full cost of programs still to be 1n1tlated.

Contingency Factor.

The above estimates of minimum cost are in texrms of dollars
of present purchasing power and basic procedures currently followed -
in the conduct of the eradication programs. They do not allow for
a great number ofttechnical and administrative contingencies which

The factor of three to one for India is true only if the entire period
of eradication is considered. During the tooling up period and during the
attack phase when large amounts of DDT are being used, foreign exchange
cost is high, whereas the local cost predominates during surveillance.
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prudence requires to be taken into account. Wot less-than 50% in .-
the case of total cost, and not less than 25% in the case of foreign
axchange cost, should be permitted as an adequate safety factor in
such long term estimates. Annual revislions of such estimatss on + -
the basis of additional experience are essential. )

Sharing the Cost of Eradication . -

Since the oparatidnal initiaﬁion of the world-wide malaria

eradication program in 1958, the cost of the program has been mst

in the main by the govemments of the malaricus countries, by the
U. S. Govermment, and by WHO, UNICEF  and PAHO (Table II, pags 37).

. The United States contributions to national malaria programs and

to the special malaria funds of the Pan American Health and World
Health Organizations represented 71% of the forsign exchange cost
and 31% of the tobtal cost of the world campaign. It cammot be -
expected that this onew-sided pattern will continue at its present
ratio. It is important that the common objective of world-wide
malaria eradication, established by the World Health Assembly in
1955 be given financial support by the member naiions in accord
with theil economic resources and in conformity with the high
priority of the objective and the dimension of its cost..
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TABLE I
ESTIMATED GOST OF MALARTA ERADICATION IN NON~COMMUNTST COUNTRIES
FROM 1960 ‘TO END OF PROGRAM

(Expressed in U. 3. Dollars) !

, Foreign Exchange . Local Currency
j ~ Population Cost Cost
World Regions {(in millions) (in millicens of U. 8. dollars) Total Cost
Far Bast 15401 - © 82.5 198.0 280.5
. o L ) X
Near East and ] .
South Asia ‘ 517.1. 133.6 358.8 4924
Africa - 187.9 117.8 282,7 400,5
Latin America 848 50.7 10104 152.1
Europe 9.3 .. . - T 500 : 12.0 17.0
963.2 . +389.6 . 952.9 1,342.5



TABLE II

SOURCE OF FUNDS FOR MALARIA ERADICATION

1958-1959-1960

(In terms of thousands of U. S. dollars)

Agency

WHO

U. N. Technical Assistance

PAHO

UNICEF

U. S. Bilateralsti

Countries with Mﬁlaria
TOTAL

Foreign Exchange Component
of Total Expenditure

1958 .
(Actual)

L, 563
787

" 1,886

8,700
20, 240
54, 600

. 90,776

36,176

1959
(Actual)

L5940
762
2,900
8,300
20,205
50,800
87,907

37,107

1960
(Estimated)

6,811
664,
34450
10,000
27,000
54,600
102, 555

k7,955

Total '

lé:Bhk
2,213
8,236

- 27,000

07,445
160,000
281,238

121,238

# Tn addition to its bilateral 2id in malaria eradication, during the calendar years 1957 through
1959, the U. 8. A. contributed 7.5 milllon dollars to the PAHO and 11. 0 million to the WHO Special

Malaria Fradication accounts.
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2. Cost of Tmports-Basic Factors in Calculation.

Technical Assumptions.

Gost calculations (Table ITI, page 40) were made assuming

that:

a.

DDT water-dispersable powder will be sprayed at the
rate of 1 gram techunical DDT per square meter of house
interior once yearly during four years of attack or

2 g/m? yearly where two sprayings are adopted; focal
spraying during the consolidation years wlll consume
the equivalent of one additional year of attack; in
countries not yet in an eradication program, where.
tranamission is perennial, two sprayings will be made:
the cost of 0.5 grams of dieldrin will be equivalent
to 2g. of DDT;

500 sprayers per million persons will be provided .
initially with allowance for nozzle tips and replacee

" ment parts; {this amounts to 1 sprayer per 2500 popu-

d.

Q.

lation, with 400 in use and 100 in reserve);

30 vehicles per million persons will be supplied for
the beginning of the preparalory year; replacement of*
25 percent of the initial fleet of vehicles in the
fourth year -of attack and the two succeeding years,
will be provided or substitution made of other type of
vehicle. suitable for the consolidation phase depsnding
upon local needs; in each year after the first, 10
percent of the purchase price will be required for
replacement parts for each vehicle;

Drugs will be provided on an increasing scale from the

. first through the fourth year of attack to facilitate

the collection of blood slides from fever cases for
diagnostic purposes (second year consumption inerease,
50%, third year 100%, fourth and subsequent years 150%
over that of the firsb year); drug consumption will
continue at the fourth year rate through the three year
consolidation phase;

TFor the last year of attack and the consolidation years
one percent of the population will be examined monthly
by surveillance persomel and given single dose treat-
ments (adult dose, 600 mg chloroquine plus 50 mg
pyrimethamine); 0.03 percent of the population under
surveillance will, on the average, be found infected
and will receive a fourbteen-day treatment (adult treat—
ment 1500 mg chloroquine plus 210 mg primaquine);
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f. Ten compound oil-immersion microscopes will be pmﬂnded
mltlally for -each one million pOpulatJ.on,

Be Adv1sory services and headquarters backstopping uill
" cost one cent per capitd during the preparatory year
and the four attack years; for the first 2 years of

. gurvelllance the cost will be .2 of a cent per capita.

Price As sumlatioﬁa

Cost estimates are based on the following average prices,
which inelude freight and insurance. .

Dollars
DDT. 75% 1-;ater—-dispersable powder 5 At 560 per metric ton
Sprayerg-: Foieis . 30. each
- Vehicles - et 2500 each .
Chloroquine tabl, ots 150 mg. base 6,75 per 1000
Pyrimethamine tablets 25 mg. base- 470 per- 1000
Primagquine tabletg 15 mg. base-—- L.L0! per 1000
Binocular mieroscope and lamp- - 300" each.
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TABLE III

~ FOREIGN CURRENCY COST

(Unit Cost per Head Expressed in U. S. Cents)

g ) ) S . Advisory
DDT Sprayers  Vehicles ' Services TOTAL

- 1 Cycle®t 2 Cycles¥™¥ and - and Micro- and 1 Cycle 2 Cycles
Program Ygar' . 1 Gram. 2 Grams Parts Parts Drugs - scopes Hgs. fosts 1 Gram 2 Grams
Survey . - . © 7.5 . Te5 7.5
Preparatory 3. 7, 5N 1.6 .8 .2 3 1.0 7.6 11.4
btack 1 3.7 s L6 .8 o3 1.0 Cbah 1042
Attack 2 3.7 7.5 . b R 1.0 6.5  10.3
tttack 3 S 37 s .6 © .8 .5 . 1.0 6.6 1044
Attdck b 3T 5 C.oab L 246 S 1.0 8.4 12.2
Consolidation o : : . 246 ) k¥ ‘ ‘ 2 3.3 3.3
Cons‘clidatipn’.z ’ ’ . T 246 w2 - 2 3.3 - 343

L9.64  68.6¢

4 cycls repz esents one spraying a year.

IrAssumes uha‘L each cycle is completed in'six months if two cycles are used.
#e*Tne small errors involved in nnglectlng further. decimals are partlally compensa.ted by calculatlng 1l gram
at 3.7¢ and 2 grams at, 7 5¢. °
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VI. TECHNICAL CONSIDERATIONS " K

1.

Adaptation of Spravineg to ILocal Conditions.

There are ralatively fow counkries in which malaria is
transmitted in all the inhabited parts of the country. Suit-
able brecding places for malaria vectors are not distributed
equally throughout a country. Often unfavorably low tcmper-
atures are found as one goes into more temporate zones or
Increasing elevations.

Spraying non-~malarious areas 1s an unnecessary waste of
funds, while fallure to spray all malarious areas may endanger
tho succoess of the entire program. The basic reason for decid-
ing that an area requires spraying is that malaria 1s aulochthonous,
@.g., locally contractcd. The presence of a known vector is
solely of concern if found in areas vhore malaria exists and can
thereforo be transmitted. Because of the difficulty, at times,
of damonstrating transmission, there has been a tondency to
include all areas in which a vector could be found in any number
or stage of dovelopment. There are few vectors, howcver, which
cannot bo found outsido the malarious area. Therefore, unneces-
sary spraying wastes time, personncl and materials, adding need-
less coshs to the entire pregram.

Epidemiologleal Considerations.

Locglitics with some yeoars of effective malaria control may
require a shorter period of complcte coverage than do unsprayed
arcas. Or it may be found that a full-time schedule of eradi-
cation spraying must be added {o the years of partially offaective
control spraying. Such decioions mist be made in the light of
vide exporience in malerioclogy and carefully planned studies, if

‘effective and economical eradicallion is to be accomplished. A

malariocloglst exporienced in onc country, must realize thal con-
dltions and treatment may be quito diffcrent in another country.

Global eradication of malaria is plamnod on tho basis of
interrupting transmission of the malaria parasite from person to
person, rather than through a gonoral attock aimod at eradicating
the vector mosquitocs. Tho objective is rcached when transmission
has besn interrupted wdth the absence of now infections for such
a period of time a3 1s necensary for the old infections to die
out spontaneously.

then converting a control program to eradication, twe
important stops arc necessary!
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1) Locate unsprayed, mﬁlarious areas. Usually thers are.
fringe aroas or isolated places not previously includod becaunse
they were onlv moderately malarious--or had -smal} populations

.Qifficult of access. Ilith an antimalaria organization already

in oxlstenca, it should not be difficult to determine the addi-
tional arcas to be incladed.

2) Assess the results of any control program to be copn-
verted to an eradicatlon campaign. Uhere malariometrie studies
ghow that transmisaion has not beecn intorrupted, a full program
of eradication must be developed as though no. spraying nad been
done in tho past. YVhere the records and malariometric studies
indieate the absence of malarda, or its prescnce only in scat-.
tered fock at very low endunle levols, spraying may be judiciously
reduced or discontinucd. There maybe danger in halting spray
oparations in less than throo vears after transmission has been
interrupted. .

. L

Delimiting the malaviows arcas where careful studioes have
not becn made is difficult. Where deolimitation has been hurried
_to permit cost estimates for cradication plamning, great embar- .

rassmont may cnsuc, should the tentatlve estimates become binding
and prove to bo inadeguata.

VYhere tho ontlre country is notor:l.ou.}ly malarious, prepara-
tion of cost cstimatos are rolatively easy. In others, the
boundaries of endemic arecas must be indieated approximatoly by
easily rceopnized goographical ox pol¢t1cal landmarks.

A study of tho available records, discussions with informed
national’ workers and well-pointed fleld trips should quickly ori-
ent one as to malariocus cenditions in a country. Field observa-

" tions are adequate to confirm the -existence of malaria in moder-
ately and heavily infected areas. A careful study of potential
breeding areas, climatic factors and vector habits readily estabe
lishes and ¢xplains the pattern for.the production of malaria.

' The influonce of irrigation; rice culture, fish ponds, salinity .
“of water and other local conditions bocomes obvious. Vith this.
pattern delineated, one is bettor £blo teo analyze the malaria
situatlion in the remalning territory.

:Delineation of Malarious Areas to bo Spraved.

Speclal attentlon must be given to the problem of how far
spraying should be extended from obviously malarious fto non-
malarious.areas. When one proceeds to higher altltudes careful
delineation is especlally important because difficulty of trans=-
portation and rolative insccessibility of population greatly
increase the per.capita cost .of spraylng. Uhere the evidence
of melaria is doubtful, and the per capita cost of spraying
would be excessive, it may be Justifiable to limit spraying
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operations somcwhat in such areas -thie first year, and let the
eontinued presonce of malaria outline the arca to be sprayed.

If this tochnique is to be uscd, very caroful. entomological and
opidemiological observations should bo made in the fringe arca.
Experionce shows that in cortaln arecas the small amount of
molaria praoscnb had its roots in a more malarious nelghboring
arca and disappoared readily during the first year of the eradi-
catlion program in tho source area. It is obvious that where
evidonce of tronsmission of malaria is found during the first
year, provision must be made for spraying thereafter.

Dotarmination of the degroe of endemicity requires care-
ful sompling proceduros with oxeminotion of a considorable
portion of the entire population. The simple determination as
to whethor malaria is or is not prescnt, on the other hand, ean
often be ostablishcd by much simpler procedurcs, and even by
analegy with conditions lkmowm to oxist elsevhore. In the absence
of information as to the degree of endemicity, in general all
endemlcity should call for spraying.

Duration of Spraying.

) The length of time that spraying contimes will depend on
epidemiclogical ovaluation during the course of the campaign.
In those countries wherd the degree of endemicity in different.
arzas can be readily esteblished, it may be possible to vary -

the eradication campaign adopting it to each individual area.
This should resuli in considerable savings in pergomnel and .
funds required for the program ag a whole; in areas with minimal
malaria, as in the coastal plain of Taiwan, tho duration of
spraying opsrations may be shortened. In ‘some-areas, two years
of spraying may be sufficicnt, and “in others possibly one will
be adequate. Any decisjon for the reductlon of the perded of
-spraying should be justified by at least one year of good surw
veillance without evidence of continuing transmission.

On the other hand, in arecas of high endemicity where trans-
mission has been intense, meticulous caro should be taken to
ingure efficient, complete spraying, for.the standard four year
period, of all duellings and slecping quarters within the malar-~
iocus area.

In detormaning malarious areas, the possibility of periodic
opidemics invading areas where in normal years malaria is practi-
.cally non-oxistent must he kept in mind; where such areas are not
toc be sprayed, careful observation should be maintained until
malaria has beon eradicated from neighboring areas from which
these epidemic arcas might be re-infected.
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Fringe and Mobile Populations

Expericnce in eradication programs has demonstrated con-
clusively the necessity -of carrying measures of provention to
all elements of the exposed population, rather Lhan the all oo
common practice of reaching only the easily accessible popula-
tions. One of the great advantages of tho eradication concept -
is the mandutory obligation to carry the benefits of preventive
medieine to fringe populations living in isolated and sparsely
gettled arcas, often hilly and of difficult access both to the PR
sprayman and to the supervisor. Failuroe to include these fringe
populations in malaria eradicatlon programs has delayed eradi-
cation in & number of counmtries. A cowsmon obscrvation has been
the rapid decreaso of malaria during the first two years of the
eradication program in the readlly accossible and hoavily popu-
lated parts of a country, wlth some rcduction of malaria in the
fringe aroas but with transmission still continuing there. Whoere
this occurs, eventual Interruption of spraying loads to reinfec~
tion of tho clean areas and forces the reorganization of spraying

‘operations in the %discontinued® arocas.

- Bven the best administered serviceo, with one hundred percent

_efficiency in blocking transmisoion, will fall short of cradica=-

-

tion if coveroge is limlted to the areca occcupled by ninety-five
percent of tho exposed population. On the other hand, a less

of fleiont service throughout the entire malarious area of the
country, may succeed, if operating with sufficlent frequency over
an adequate perlod of tlme.

Indipgenous .tribes living in isolated reglons, some of whom
have nevor fipurocd in the national census, consiitule an Impore
tant problem for malaria eradication programs. ZEach situation
requires spocial study, and evontually the collaboration of the
leaders of the tribes for its solutiom. The possibllity of
eradicating malaria through drugs administered In table salt
supplied to an entire area is being tested in different parts of
tho world. Gonoral formulac cannot be writton for the special
problems mot in different reglons; cach speeial problem must be
studied carefully to debermine the propor measures to be applied.

Simllerly, the movcments of lumbering and road construction .
gangs, and of migrant and scasonal laborers, can best bo followod
by inspectors resident. in and responsible for a dofinitely dellme~
ited geopraphical area. Migration 1s understood in this contaxt
to refor to the movement of populations seasonally from onec part
of tho country to ancther or cven from one country to another
across an intorpailonal boundary line,  when such movement is
assoclatod with the soasonal harvesting of c¢rops, pgrazing, or
other agricultural activities. Immigration for our purposes
rofors to the more limitod passapge from one country to ancthor’
of individuals who aro not part of a reguler rhythmical movement
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of population. The term labor movement, has been introduced’
to refer particularly to the movemant of large numbers of young -
men for limited periods as from one part of Africa to another,
in connection especially with miping or industrial operations.
Technically, the problem posed by the reinfection of Meradicated”
areas by the movement of population is.the same whether such
movement of population be within the borders of & glven country
or across frentiers. In each caze, the population exposed to-
reinfection mugt promoto the eradication of malaria in the areas
from which the reinfection threatens. This is true whether the -
threat comes from within or from outside the country. Once .
eradication starts in a glven country, thit country automatically
acquires a stakeo in the eradicatlion of malaria.in all countries
and especially in those from which if may be reinfected readily.
" In the same way, wibthin the country ltself, eradication does not .
permit the negleect of any segment of population exposed wo infec=-
tion.

The reinfection of feradlcated? areas by migrant workers,.
thon, is best handled by the extonmion of eradication measures
to cover the peint of origin of the moving population. The
United Statoegs, whare a number of czses of malarda have regularly
occurred in thoe past in connection with eucampments of mligrant
laborers from Moxico, is benofiting from the Mexican eradication
program through a reduction, and certalnly in the near future,”
the disappearance of thlis source of reinfection. :

Until the last decads and a half, mslarla was esﬂentially
a problem for the locel commnlity whereo it existed, and by no
stretch of the lmoginatlion was it ever conasldored soluble by
© isolation~or quarantine measures. With the development of
oradication teehmliaquos, howvever, communities which continue to
have malaria constlinte a throat of reinfection to Meradicatedh
arofs.

. Immigration. With evidence of the importance of the rein-
troduction of malaris perasibes into commuities which have been
froed, there has developed a demand on the part of certaln
governments for the adoption of international measures which
will cnable those areas which have no malaria %o protect them-
solves from infectod arsas (e.g. tho action . of French Guiana at
the 14th Pan Amorican Sanitary Confercnce, 1954). An initial
international meeting for the discusslon of this point was zalled
by the World Health Organization in Athens in 1956, and future
mootings are anticlpated.

Filerimapes. The ammal pilgrinages to Mecca from all parts
of the Moslem world have bean notoricus for their influence on
the spread of smallpox, eholera, and other infectlous diseases.
The threat of pllgrims carrying malaria from one country to
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"farm kitchens®.on Zanzibar; (2) the huts of farmsrs who try to
remain incousplcuous in relatively inaccessible places because
they are raising narcotics, illegally clearing land, or other-
wise contravening the laws (3) the dwellings of pioneers who
push out into previously underdeve10ped areas, often bscause
their former home commmities in contiguous areas becomes
crowded :E'ollow-.l.ng interruption of malaria transmissionj and

(4) shelters in which mmters, woodcutters, fishermen, road
workers, forest guards, vacationists, etc., sleep from time

to time.

In some countries planes or helicopters may be borrowed

. or hired for use in scouting out isolated habitations. In all
malaria eradication programs it is Important to have adequate
provision for finding all fringe habitations in which persons
may become infected with malaris.

Special attention must be given to fringe areas to insure
their adequate coverage by the Epidemiological Evaluation
Service. These areas merit continuing surveys to determine
when malaria transmission ceases, and to guarantee that it has
ceased.

Entomological Considerationss

The successful eradication of malarias by the spraying of
residual iusecticides is based on the habits of the important
anopheline vectors, which in most arcas of the world character-
istically invade human habitations in search of blood meals.
After feeding, the engorged mosguitoes rest upon walls and
ceilings of dwellings where they absorb lethal doses of DDT or
other long-lasting insecticides. Careful study of a few wector
species, indicates that from one to fifteen minutes of actual
contact with a DDT deposit is required to produce 100% mortality
in normally susceptible insects. The residual spraying procedure
is so effective that vectors which both feed and rest 1ndoors
British Guiana and in Venezuela, have been vlrtually exterminated
by properly conducted campaigns.

Qutdoor Feeding and Resting Hakits of Vectors. Thers is a
wide variety of feeding and resting habits of the warious vector
anophelines. A good example is A, gambiase., the most important
vector in Africa. During its excursion to Brazil in the 1930¢s,
gamblae was found to feed only at night and always indoors, as
in much of its range in Africa; after feeding it rested indoors.
In Uganda, however, it is known to attack man outdoors even at
mid~day as well as at night, and blood-fed, engorged females ars
frequently found in outdoor resting pla.ces°

This type of natural behavioristic avoidance of houses is
believed to have prevented the complete interruption of malardia
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transmission by residual spraying in Trinidad in the case of

A. bellator, an important vector which readily feeds on man in

shaded woods during the day and invades humsie bedrooms only .

7infrequently, and also with A. squasalis, A. cruzi~cruzi, and

A, mufiez-tovari in South America. A oundélggg in part of
Tndonesis has been reported as avoiding DDi- end dieldrin-
sprayed walls; A. sergepti in Jordan has also been observed to
feed and rest outdoors. Residual spray operaticns may not be

fully effectivé in such areas.

As more andmore areas of the world arse drawvn into the global
regidual. spraying campaipgn against malaris, other examples of
such natural behavioristic aveidance among anopheline vectors of
malaria may.be found, Additionally, there is evidence of the
acquired trait of behavioristic resistance by such vectors as .
Ao albimanus, A. darlingi, and A, sacharovi. Strains with such
behavioristic resistance have an apparent hyperirritability to
DDT residues and therefore do not rest on treated surfaces long
enough to acquirs a lethal dose of the insecticide.

It is apparent that where the dominant malariz vector in .an
area is one which exhibits eilther natural »zhavioristic avoidance
or acquired behavioristiec resistance, the normal methods of residual
spraying will not be fully effective. This emphasizes the need
for adeqguate entomological and epidemiological studies during all
melaria spraying programs. On the basis of the information obtained
it may be necessary to introduce supplementary eradication measures

"such as the use of persisteat fumigants, larviciding, or chemotherapy.'

Insecticide Dosage and Cycle,

The principal method of achieving malarlia esradication is the
application of residual insecticides to habitations and animal
shelters nearby to destroy the vector mesguitoes and thus prevent
transmission of the malariz parasite., DDT, dieldrin, and, to a

. much lesser extent, BHC are the residual insecticides ussd in

malaria.eradication. For logical reasons, there have been wide
variations in the dosages and spraying cycles used for maleria
control in different countries. On the other hand, there has been
a tendency in some cases to adopt dosages and spraying cycles based
on a precedent set in early control and eradication programs.
Further research and experience have shown that in many instances
a dosage of ‘one gram of DDT per sq. meter (1 gm/m?} instead of the
two grams per sq. meter (2 gm/m?) used in the sarly programs, is

* . entirely adequate.

Effect of Transmission Period

The period of tramsmission of malaria in a given area may
profoundly affect the spraying schedule. If this period is found
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to be no lonzer thon six moabhs, cvery effort should be made
to conccntrate bhe spraying in tho two menths before tho scasen

benius, so that one spraying a year would be adequate. Where

trencalssion may occur al any or all scasons of the year, as in
many tropical arcas, planning should be for at .least two spray-
ings a year, whether conecubrated-in short periods because of
the loeal labor supply or continuously throughout the year with
a congtant force of apray-men. Varying physical factors-

-elimate, materials uscd dn the walls that are to be sprayed,

and others- affeet the rosidual offectiveness of the inscctieide,
prolonging it in some arcas and shortening it in others. Cost
celeulalions aro bascd on averages:and what is lost in one area
nay be gaincd in another. - ‘

Qthor Tacbors.

In detornining the dogsago and, to gome extent, the number
of sprayings cach Jear, eonslderation rust be given to other
fectors that affeet molaria transmission. Some of these factors
aras )

1. 'Efflcacy of insceticidal residuc apgainast the specific
veebors invelved.

2. Thoroughness of trcatment.

3. Degree of complebencss in spraying all houses in the
cradication area. )

Le Habits of vector in relation to host ﬁﬁd treéfed
surfaces.

o

5. Hodlfication of, or additions to, houses after spfaying

. which reduco efficctivenescs of residual deposit.

.6. Influence of surface on rosidual actidn of depesit.

. & i
7o Eunvirommental fachors which influence efficacy of
deposits (humldity, soot, otc.). -

8. Climntic conditions of country.
9:. Seasomal nbundance of vector.

10. TIncidonce apd availability of infected humon hosts.

Insecticide Dososo.

Accuratbe ond adequale infommation on the foregoing slewments
a8 not available for all connbiies and all voctors belore
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malaria control and cradicatlon operations were begun. In some
countries, DDT dozages have ranged from 0.25 to 2.6 gm/m? and
application intervals have varied from & weeks to 12 months.

For diéldrin, the dosages have ranged from 0.25 to 1.2 gmjh@ and
the number of applications per year from 1 to 2. Despite the
reportedly successful use of these wide ranges of dosages and
spraying cycles, most countries have used DDT at 2 gm/ﬁ? applied
. " every 6 months and dieldrin at 0.é gm/n? at yearly intervals.

To ald countries 1n their selection of dosages and spraying
cycles, the WHO Expert Committee on Malaria and the WHO Eipert
Committee on Insecticides has supplied information from time to
time on field use experience and on laboratory tests with these
insecticldes. Unfortunately, those directing the malaria
programs in some counbtries gained the impression that the WHO
comnittees recommended for universal use standard dosages of '
DDT at 2 gm/m? applied every 6 mouths and dieldrin at 0.6 gu/i®
every 12 menths, and there has been a tendency to hold to these
dosagas and spraying cycles wlithout regard to the eleven factors
mentloned above. .

The Panel has noted that India is making excellent progress
in malaria eradication with DIT at a dosage of -1 gm/h? gvery
6 montha. Lahoratory data have indicated little difference in
1 or 2 gm/m? of DDT for 6 months after application. Ilkewise,
field and laboratory data indicate 0.25 gn/m? of dieldrin to be
satisfactory for 6 months at least sageinst some malaria vectors
in some countries. Exporicunce in many sreas has shoun that the
erection of new homes and frequent changes in wall surfaces after
spraylng make it desirabls to repeat spray coverages at least as
often as every 6 months. On the basis of these comolderations,
the Panel recommcnds that the standard trentmont for malarias
eradication be one gram of DDT per sq. meter applied every
6 months. The Panel fully recognizes that this standard dosage
and spraying cycle will not be suitable for all situations
throughout the world, but it believes that they should be used
mntil entomological and epidemiological studies show that other
dosages, other insecticides, and other schedules of application
- are indicated. ’

Yhen Reg&&tggce Appears.

In the case of resistance to DDT, the Panel recommends that
dioldrin bo uscd at the rale of 0.25 gm/m? every six months
unless adequabe data are available to Justlfy &, different dosage
and spraying cycle. Ths appoarance of reslstance to DDT in
" localized-areas should not be the signal for a country-wide
change to dieldrin. The latier should be used only in the
- 8pecirlfic areas where resistance to DDT has been demonstrated.
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In the case of dual resistance to both DDT and dieldrin,
malathion is presently recommended as a substitute. Malathion
should be usod only in those speclfic areas where resistance”
to both DDT and dieldrin have been demonstrated and.should be
applied at 1 gm/m?. On wood and paper surfaces, this dosage is
effective for six months, but on mud, thatch and certain other
types of surfaces, applications should be repeated. every three
months. Since these recommendations are based on limited field-
tests, entomological and epidemioclogical studies should be made
to determine if these suggested dosages and spraying cycles are
adequate in the specific areas vhere malathion is uged.

Need for Fpidemiological Studies.

Because of the complexities of tha factors which determine
the duration of effectivencss of a residual spray application in
any given area, adequate epidemiological and entomological studies
should be conducted in each country, along with sgpraying opera-
tions, to obtain the necessary-information essential for the effec-
tive and efficient use of the insecticldes. In those countries

. where malaria eradication has not yet begun, it is desirable that

such studies be.included as part of the planning phase of the .’
program. These should be consldered as an integral part of "the
overall program and should be provided for in the budgeting for
malaria eradication. '

Reslistance to Insecticide.

Definition.

fResistance to insecticide?! is the term applied to a phenome-
non whereby an insect species or populatlon becomes able to sur-
vive exposure to dosages of insecticide previously fatal to it.

. Physiological resistance is due to the ability of some or all

insects of a population to withstand the action of the insecti~
cide. In thes case of susceptible populations, selective killing

-of a large. number of susceptibles permits inereased opportunities

for the very small number of resistant individuals to interbreed
and later predominate.

Behavioristic Iealstance is due to a change in behavior
whereby. the insects avoid lethal contact with the insecticide.
When the proportlon of the resistant strain becomes suffieciently
large, the %nsecticide fails to achieve the desired reduction in
insect numbers.

Specificity.

Hesistance in insect strains is generally specific to the
insecticide to which the insect population has been exposed for
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a number of generations. However, resistance may dovelop con-
currcntly without prior exposurc to closely related chemical
analogues. For cxample, houseflices highly resistant to DDT are
also gencrally resistant to the DDT analogues, rnethoxeyehlor and
TDE. Such resistant strains may rcmain susceptible to less
closely related chlorinated hydrocarbons, such as lindane or
dieldrin. Subsequent exposure, for a period of several genora-
tions, to such insecticides may lead to strains resistant to
both types of chlorinated hydrocarhons. Presently, most DDT-
resistant vector species are still susceptible to dieldrin,
although there are some instances whore resistance has devel-
oped to both insecticldes. In those instances DDT~dieldrin
resistant spccies are susceptiblo to organophosphorus insecti-~
cldes.

Azriculture.

" An important facet of the resistance problem is the fact
" that DDT, dieldrin, and BHC -~ tho materials used in house
spraying for malaria control and oradication - are also used
widely in' agficulture. The dusting of crops contaminates
nearby waters, brocding places of anopheline mosquitoes, thus
exposing the larval stage also to the insccticides. In such
areas the malaria vectors may be exposed both as adults and
larvae, and this is known to have accelerated the development
of resistance in some species. For oxample, Anopheles

. quadrimaculatus,’ the principal malaria vector in the United

_ States, developed resistance to dieldrin, BHC and related
compounds in Mississippl solely as the rosult of their use in
agriculture. As agriculture expands in the less well developed
countries, agricultural use of insecticides can be expected to
be of inereasing importance as a factor contributing to the
development of resistance,’

Discovery of Resistance.

Insecticide resistance in an - anopheline vector of malaria
was first suspected in Anophcles sacharovi in Grecce in 1949 but
was not confirmed for several yoars because of the lack of an
adequate quantitative evaluation technique. Quantitative evalu~
ation techniques are now available for. prompt detection; of
resistance in mosquito larvae and adults.

Urgency.

The appearance of rogistance in anOpheline vectors of
malaria was one of the compelling factors in the decisions of
the Pan American and World Health Organizatlons, and of ICA
to sponsor malaria eradication, hoping to achieve it before
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the potentiai danger of resistance in malaria vector species
materialized. At that time, physiological resistance had beon”
reported in seven vector opecles.

The policy maqus and planners of these organizations did
not overemphasize the potential danger of the resistance problem
becoming more severe and widespread. This is evidenced by the

- fact that by the end of 1959, resistance had been detected in 21

anopheline species in 29 different countries (see map, p» 55)e

Of these, one species is resistant to DDT alone; 13 to dieldrin
alone, and-7 to both DDT and dieldrin. In most cases this
resistance is still in the incipient stage and is limlted geo-
graphically to relatively small portions of the range of affected
species of Anopheles. It can be expected to spread geographically

I i a2 s e

ngect on Program.

The Malariologist faces a dilemma in any area where.resist-
ance to DDT appears for the first time. Previously, it would
have been recommended that disldrin be substituted immediately
for DDT. However, experience has shown that resistance to DDT .
may spread very slowly (e.g., in Indonesia), whereas resistance
to dieldrin may develop very rapidly. It has alsc been found
that dieldrin is much more toxic to employees of the eradication

" service. Consequently, 1t is the opinicon of this Panel that .

localized resistance to DDT should not be the signal for a
country-wide ‘shift to dieldrin. ' Rather, the change should be
made only in areas whers DDT resistance is clearly recognized..
Elsewhere DNT should be continued until resistance has been-
detsermined by field evaluation. Such field evaluation should be"
a contimuous integral part of the eradication _program.

This Panel recommends that DDPT be the insecticide of choice
until significant resistance to it is demonstrated. Digldrin
should be the first cholce as a substitute for DDT, but- should
be used only in the specific areas where resistance to DDT is
known teo oeccur.” Where resistance to both DDT and dieldrin occur,
it will be necessary to use malathion, currently the most accept-
albe of the organophosphorus insecticldes. The Bayer Compound
29493 (Baytex) is also effective against the mosquito, but is
more expensive, is several times more toxie to man and animals
and has not been so widely applied, with complete safety, as has
malathion.

The impact of resistance on malaria eradication programs is
due to several factors. DDT is a cheap, safe, long-lasting insec—
ticide. Any known substitute for it involves one or more objec-
tionable features such as increased toxic hazards to man and

.domestic animalg, increased cost and shorter residual effect.

Dieldrin can be used at approximately the same cost since lower
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dosagoa aro uscd and under como condltions in about aqual to
DDT in lasting quallileys DBuat owven when used al lowor dogages
it is moro toxle to man and-has produccd rumerous cases of

" poisoning among spray oporabors where adequate procautions have.
not bocn obscrved. Nomo of the olganophcaphorus compounds cur-—
rently available for possible use in malaria eradication are as
long lasting as DDT or dieldrin, and they are more expensive to
use, due to the higher prices of the insocticide and the in-
creased labor and cquipment costs of more frequent applications.
Bascd on ecurrent prices of available substitutes for DDT or
dieldrin, it is estimated that the overall cost of house spray-
ing will be incroased at least fourfold in those-areas where
resistance forces a change to malathion. Even with a satis-
factory substitute immédiately available when resistance devel-
opa, the loglsties involved. in changing insecticide cause some
slowing of the eradication program, thereby extending the time
required for eradication.

Cost LEffoct.

Resistance has already been a factor in increasing costs for
certain ICA bilateral programs. It has becn rocognized in parts
of slightly more than half the eountries participating in the
bilateral malaria eradicablon programs. The problem is particu-
larly acute in Central America, where resistance to both DDT and
di.eldrin poses an immediate operational problem. It is-important

.in other countries and can be expected to become more significant
in the future.

* Mead for Rescarch.

ICA is actively supporting rescarch at tho Publlie Health
Sarvice Jlaboratory at Savannah, Goorgia, and WHO has recently
inangurated an international eollaborative roscarch program
involving seven laboratories in the United States, Great Britain
and Africa, to.develop other suitable substitute reosidual insec—
ticidos, and other eradicabion techniques.

'While resistance is not now an Insurmountable obstacle to
malaria eradication, the Panel belleves that every effori should
be made to initiate effective malaria evadication programs in all
areas as soon as practicable in order to male the most rapid
progress while there is stlll minimal reslstance to DDT. The
- Panel further believés that it 1s essential for ICA to continue
its support of research to develop new insecticides and that ade-
quate funds and personnel. be provided on all bilateral.programs
for field observations on the habits of malaria vectors, and
variations in their susceptibility to the insecticides used.
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INSECTICIDE RESISTANCE IN ANOPHRELINE MOSQUITOES AS OF DECEMBER 1959
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Shenobharany.

Malaria eradication pregrams have thus far depended almost
entircly on the domleiliary appliecatlon of residual insecticides.
Vhere these can be used cheaply and wheore vector mosquitoes bite
man indoory and rest on sprayed walls within houses, the pro-
coduro 1s effeetive. There are malaricus arens, howaver, where ‘ -
tha voctor has acquired resistance to insccticides, where residual
sproylng 1s ineflectivo becauso people 1ive in houses without
walls, wherc tho veetor bitcs and rests out-of-doors, vhere the’ ‘ .
mores of the pecople prevent the effcectlve use of residual sprays
and where loglstic problcius make the proceodure too exponsive.
Under certaln condltlons, mass cheoinetherapy may be the most
effactive way of sbtopping tiransmission. Morcover, it may be
desirable to use drugs to eliminate foci of infection during
the surveillance phase of tho program when mass therapy may be

Limitcd to infected inddwiduzls and small groups of iadlated

contacts.

Maan Chemotherapy.

Mags choemotherapy calls for the administration of a drug,
or drug combination, at regular intervals, ovor a considerable
perdod of time, to every momber of the population at risk. This
‘can be done by giving the medicine in a pill or tablet or by
cowbining it wilth a univorsal article of diot, such as salt. The
first method 1s traditlonal; pcople are accustomed to taklng medi-
cine in tablet form and are generally willing to do so undor
supcrvliasions The other mebhod is rolatively new, but as accopt-
able as tho salt that hides it. It was first proposcd by Pinotti
in 1952, and under favorable conditions hasg proved highly effec-
tive. C ‘

Fffech of Lifo-Cycle.

In moving inbo the Ticld of chemotherapy, eradicetiontiats
mugt take cognizanece of diffcrences in susceptibility to various
drugs in cach of tho four life-cycle forms of tha threc species
of mularia parasite, Floomgdiun vivex, P foleirarum, and Py
olarisce, Tho Tour foras in the lifowcyele of the parasite in | .
mau ared  the asexnal crybhroeylle form, the soxuwal erybhrocytie ..
Torm (gamgtoeybc), the spovozolte, and tho cxeerythrocytic form. -
The form wost {requently suen 1s the aszoxual orythroeytic which
inbabits the red bloed ecll (erythroeyte). During this cyele
soma plecmodin dlfferentiato inte seoml férms (gometbocytes), . -
mile and female, which mato in the slomieh pf the mesguito and
form cecysis. When mature (aboul ten days) they rolease sporozodtes
{or sporonks), which reach the inscet's salivary glands and are
raady to infoct a hwwmn being when injeclbed with the bito. - Within
a fev hours alter injection those pporenta are filtered out of
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the blood stream and are deposited in the liver, where they
develop into exoerythrocytic sahizonts.. .

Upon maturing, these schizonta, release merozoltes which
are introduced into the blood stream to take up abode within
red blood cella (erythrocytes), where they become full grown in’
about 48 hours; burstingy; releasing daughters, each to seek a
_new erythrocyte - and at the same time pouring-—out the accum-
lated toxins to which the human body normally reacts witha ...
severe chill and high fever. Thereafter the cycle repeats.
itself. .

Indlviduals or small groups receive drugs for only a
short time when chemotherapy is used during the period of sur-:
velllance. Whether glven to large,populations, small groups,
.or individuals, the object is the same, namely, to stop trahs-
mission through sporontoeidal, suppressive, and curatlve effects
on exlsting infections. Because of the selective action of
available drugs, it 1s generally impossible to obtain all three
of these ends with a single compound.

Sporontocidal Effect. '

The 4-aminoquinolines (chloroquine, amodiaquine, et al.)
have no effect ori the infectivity of mature gametocytes. The
‘sexual forms of P. vivax and P. malariae are removed from the
cireulating blood along with the asexual forms and no new ones
develop as long as an.effective drug bleood level 1z maintained.
However, mature. P. falciparum gametocytes may remain in the blood
" stream and be infective to _mosquitoes for several weeks.

Pyrimethamine and proguahil produce a decided sporontocidal
_effect on gametocytes of all specles within-a few hours, and "
primaquine has a similar effect wihich 1s almost as rapid. The
first two drugs may provoke resistance in the parasite, a char-
ascteristic not shared by primaquine. But the latter is guickly
eliminated and therefore its astion is of short duration. .

Suppressive Effect.

Quinine, the only effective antimalarial for almost 300
years, has been superseded. by more effective, lesa expensive,
less toxic, and longer acting synthetic compounds. Quinine ia
not recommended except in areas where the economy of the countiry
virtually demands 1ts use. Quinine stops acute attacks, but does
not: cure the infection, which continues to relapse, and so can
play no part in eradication. Quinacrine, the first of the effec-
tive synthetic compounds, has been superseded because of toxielity
and the necessity for frequent administration. Proguanil has been
highly effective in some areas, but.the appearance of resistance
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has limited its usefulness. Pyrimethamine, the most effective

of all antinmalarials in terms of dosapge, has produced outstand-

ing results in many areas of the world. 'This drug was employed -

once-weekly in Venezuela over a very large aroa embracing over

" one hundred thousand people. Outstanding results were evident

after the first month; no evidence of transmission was found

after the third month; and this situation continued through the

gixth month of administration. MNew cascs appeared after the -
drug was stopped which led te the conclusion that although' it
was an excellent suppressive, it did not produce radiesl cure of
underlying infectlons. Being tasteless and effectlve against
all stages of the parasite, pyrimethamine has no peer zs a sup-
pressive agent so long as resistance, which has been reported .
in Malaya, Fast Africa and Venezuela, does not cecur. In
Venezuela the phencmenon did not appear until after a full-
year¥s administration. Since the parasite under suppression
was pure vivax, this phenomenon might have becn avoided if the

. original regimen had not becn altered. HReslstance oceurs more
often in P. falciparum than in P, vivax.

h-aminoguinolines.

Chloroquine and amodiaquine are extremely efficient sup-~
pressive agents when administered on a weekly basis. They
reduce parasite rates of all speciles dramatically, and they pro-
dute radical cure of falciparum infection. Resistance to these
agints has never been demonstrated. These exceptional qualities
sheuld place this group of compounds in the forefront of sup-
predaive antimalarials. Hewever, these drugs are extremely bit-
ter and present a difficult problem vhen one tries to administer
them to children.

8-aminoguinolines.

This group of compounds, of which primacduine is the most
effective and least toxic, 1s highly effective against gameto-
cytes and 1s curative of relapsing infectlons. .However, an
inherent toxicity, espeeially to dark-skinned races, and the
necessity for frequent administration make these compounds un-
suitable as suppressive agents unlaas combined with another agent
(see below).

Drug Combinations, -

Quinine and pamaquine were used in combination as far back
as the 1930's. Although somewhat effectivue, the short~-comings -
of each soon ruled them out. Vith the advent.of more effective
agents, the possibility of really effective combinations was
_ more likely.
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In the managcment of clinlcal malaria, especially of
relapsing infections,; primaquine has been given in combination
with 4-aminoquinolines since about 1952. The two drugs together
produce a schizontocidal, gametocyteccidal, tissue parasite-
curative effect which is highly efficient.

The use of thls combination in suppressive monthiy doses was
first tried among school children in Malaya in 1955. Following
these trials, combinations of chloroquine and pyrimethamine were
used in ILiberia with good results. Trials in the Cameroons, at
half dosage, were partially successful, but resistance developed
to pyrimethamine. Recent trials against vivax under experimental
conditions in this country have shown that chloroquine or amodia~ .
quine combined with primaquine and administered once weekly gives
an effective suppressive-sporontocidal-curative effect. Plans
are now under way for an extensive trial of such a combination.

Drugs in Salt.

In 1952, Pinotti suggested combining chloroquine with ordinary’
cooking salt in an attempt to break transmisslon in the Amazon
River Valley where effective residual spray operations or individ-
ual drug administration was not attainable. After determining
that chloroquine was stable under conditions ordinarily encountered
in the preparation of food, trials of the method were initiated
and carried out successfully. Later, work in the U.S.A. confirmed
the stability of chloroquine under conditions of storage, ‘shipping,
and food preparation, and showed the same to be true for.pyrimetha-
mine. Studies employing immate volunteérs showed that either of
these drugs, when combined with household salt in appropriate
amounts, resulted in complete suppression of vivax malaria under
repeated infection by mosquito bite.  Programs employing the salt-
drug method are now under way in Drazil, British ‘Guiana, Ghana,
and Cambodia, and are planned for other areas of the worid.

Here again, we must consider the phenomenon of resistance.
It is not expected to appear against chloroquine, and whether it
will appear against pyrimethamine when the drug is taken daily
remains to be seen. Some investigators expect it; others do not
because the drug is known to be nucleo-active, and under continu-
ous administration blood and tissue stages would be eliminated.

Treatment of Tndividuals and Small Groups.

Individuals suspected or- found to be infected during sur-
velllance and small groups of isolated contacts should be given
one of the efficient schizontocidal agents, preferably one of
the Af-aminogquinolines, and primagquine. Such treatment will stop
any possibility of transmission immediately and cure the under-
lying infection.
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Disadvantages of Chemotherapy.

Even with efficient supervision of d}ug>adminiétf§tiéﬁ in

‘malaria programs, one major problem has so far defied solution;

namely, the administration of drugs to infants and to young
children. This segment of the population is highly susceptible
to infection, and where transmission occurs in the home, often
exhibits the highest parasite rate. All too often, this portion
of the population is not adequatcly treated, and remains as the
seed bed for continuing transmission. Recent studies have shown
that nursing mothers who recelved two to three times the normal
suppressive dose of pyrimothamine transferred enought of the
drug in'their milk to reduce and suppress-parasitemia in the
babies. ‘Under ordinary dosage it is doubtful whether enough of
any drug is transferred to the nursing child to suppress parasit—
emia. .

The panel strongly recommends continued research in this
field to discover a drug or drug combination which will have a
long acting effect when administered by mouth or by injection.

Drug Rosilstance.

-

Drug rosistance has been known since 1887 when it ﬁas first
observed in bacteria. A short time later it .was learned that
certain of the flagellates could become adapted to mormally toxie
compounds but there was no serious impact on the treatment of
human discases until bacteria were shown to acquire resistance
to the sulfonamides and to penielllin. Drug resistance in
malarla is even more recent. No antimalarial drug in general
use during World War II was known to provoke appreciable resist—

.ance. Shortly thereafter, parasite adaptation to proguanil,
stable enough to pass through the moquitqg, appeared in P, faleiparum

and P. vivax and, for the first time, drug rcsistance became a
problem in the management and control of malaria.

Selectivity. .
Al malaria drugs are selective in their action in the

o éense that the parasite is not affected in all phases of itas life

cycle. Sporozoltes resist any adverse action from all known
drugs and tissue stages are sensitive to only a few. The asexual
parasites are sensitive to most of the accepted compounds while
gametocytes are affected by some drugs but not by others. This
selective natural resistance is an innate character of the para-
site and is not related to prior exposure to a drug.

Infections resulting from the same species of parasite may

not respond equally well to identical treatment in different
parts of the world. This dissimilarity of response has been
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attributed te an ixnherent differenco within a particular
geographical strain. Just what is responsible for ihis dif-
ference is not lmosm. It could be-that geographical isolation
has produccd a variant with suxiliary melabolic palhways not
affected by the drug. Yhatever the true explanatlon may be,
the fact remains Lthat such strains exlsh in naturc.

Acquired resisbtance i3 always asscciated wibh previous
experience with a particular compound and hence is an adaptive
change. Drug resistance has not become a formidable problem
in malaria cradication because, in practlce, the appearance of
resistance has been llmited to two drugs, proguanil and
pyrimethamine.

Bxtont.

Videspreoad resistance to proguanil has beon observed for
all spceies of the parasite since resistance was first recog-
nized in Malaya in 1948. IMalayan strains of faleiparum scensi-
tive to single small doses of proguanil in 1947 became resist-
ant to vory large doses only two years later. A thousandfold
resistance to prognanil has been produced cxperimentally against
the Chesson strain of Plasmodivm wivax. The phenomenon extends
to both asexual and sexual parasltes, and the character is trans-
mitted unaltercd through the mosquito. The expericnce is so -
widespread that proguanil cannot be recommended in oradication
programs.

Resistance to pyrimethamine was first recognizoed during
trials in Kenya in 1954. It has later appeared in Tanganyika,
Nigeria, and the North Cameroons, and more recently in Venezuela.
At the same time, it should be pointad out that the drug has been
used extensively in widely separated areas (Liberia, Morocco, :
Kenya, and South Vietnam)} irith ne evidence of reslstance. Resist-
ance te pyrimetbaminc has been produccd experimentally in strains
of P. vivax, P. mlariac, and F. faleiparum and tranemitted
through the mosquilo without loss of virulence. These results
leave little doubt that resistance to pyrimcthawine can develop
easily under certain conditions with certain straina. Pyri-
methamine has many sterling cualities and can be recommended for -
selected arcas under continulng cbservation. Strains resistant
to proguanil or to pyrimethamine respond well to chloroquine.

heoud red Hesistango.

Aequired registance to quinine, guinacrine, the 4-ominoquin-
olines and the 8-aminoquinolines has never been demonstrated in
the field. The evidenco obtained from the study of experimental
malaria in animals is somcwhat cguiveocal. It appears likely that
resistance to any drug should be accepted as a possibility but
that the odds against the actual development of a high degree of
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resistance vary tremondously with the drug, belng quite high
with quinine, quinacrine, the 4L-aminocuinolines and the:
8-aminoquinolines. However; a strain of Plasmodium berghed
{Rodent Halarla) obtained during a period of 7-months of treat-
ment with chloroquine showed a 200-fold increase in resistance.
With this exception the bighest increase in resistance among
these drugs was a 4~fold change obtalined in Plasm.dium knowlesl
(Monkey Malaria) treated with pamaquin. The mature gametocytes
of faleiparum are naturally resistant to the first three com-
pounds, but this poses no real problem because regular drug
administration vill prevent the maturing of new forms and the
old ones will soon die out. As a consequence, this factor is.
not a deterrent to the use of these compounds in eradication -
Programs. ‘ '

In spite of the limited appearance of drug resistance up.
to the present, thz potentlal for the appearanco of additional
difficulties must not be overlooked "in the face of the general
biological principle of adaptation; those responsible for drug
programs mist be cognizant of the general principles of the
development of resistance and alerl to indicatlons of its ceccur~
rence, spread, stabiliiy, cross-resistance, and prevention.



VII.

ORGANIZATION AND ADMINISTRATION

There is no technical reascen why malaria eradication cannot be

accomplished in any part of the world with the insecticides, lar-
vicides, drugs, equipment and techniques now available.

Le

2

Adaptation of the Standard Fradication Program to Local Conditions.

The standard malaria eradication program - one-year prepa-—
ration, four-year attack and three-year surveillance -~ is not
suitable for all countries. It must be modified for each partic-
ular country in accord with the habits of the vector, the climate
and geography of the country, the habils and distribution of the
population and the logistical problems found.

These adaptations to local conditions should be made, if
possible, before a program is initiated, after analysis of the
results of previous malaria control programs and comparison with
other eradication campaigns operating under similar circumstances.

In some cases it may be necessary, in certain large countries,
to phaso the initiation of eradication operations. Tn such cases
operations should be as large as possible in the first year and
be extended throughout the country as rapidly as possible.

Role and Importance of Organization and Administration.

‘ Malaria eradicatlion involves the. large-scale application of
a few relatively simple procedures which have a scientific basis
involving extremely intricate biological processes. Success

depends on the thoroughness with which these procedures are car-

- ried out. Rradication demands precision; it cannot be achieved

by slipshod methods, inadequate coverage or poorly trained and

_ inefficient personnel.

It is impossible to transform a control program Lo eradica-
tion simply by extending an inadequate operation to a wider area.
Eradication requires a new and far more exacting administrative
approach; the organization, training, operation and supervision .
must all be established with the complete coverage demanded by
eradication in mind, and anything less than this will mean failure.

Unfortunately, many of the areas where malaria is now a prob-
lem are areas where the authorities have had little experience in
the application of modern scientific methods; they therefore lack
both the scientific background and administrative experience es-
sential to success. Although the short term intensive training
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of individuals to carry out special routine operations can be
highly effective,. the dircction of an eradication campaign needs

a degree of flexibility which camnot be improvised, but comes -
only from training and experience. "It is essential that certain
countries be assisted by international technical and adminis-
trative persommel to guide operations until such time as nationals
have had the scientific training and administrative experience,
needed to carry on without minimal international assistance.

Governments which entrust the planning and direction of eradi-
cation projects to inbernational organizations or to ICA are en-
titled to the services of efficient leaders; experience has shown
repeatedly that when an eradication program fails, its failure:is
more lilkely to be due to a lack of preparation or organization,
or to some fault in the administrative machinery, than to techni-
cal reasons.

Eradication must have the full backing and enthusiastic
cooperation of the natiomal government, in developing an organi-
zation capable of doing the job with ability to employ the .
qualified key staff nceded to carry out the program. Only thus
can a country succeed in malaria eradication, realizing from the
outset that partial suceess is failure. There is no shortecut to
its accomplishment.

As each country now committed to malaria eradication is
freed of infection, the international demand for the elimination
of remaining sources of reinfection should become too strong for
any country to resist. '

Participation of International Apenciss.

" The relationship of each nalbional eradication service to the
international agencies, PAHO, WO, and UNICEF, and to” ICA, must
from the outset be clearly defined and spelled out as to finan-
cial responsibility and responsibllity for techuical assistance,
approval of plans, selection and exact rosponsibilities of per-
sonnel, and assistance in continuing evalualdion of results.

Flanning and Preparation.

Fradication calls for:

(a) A carefully worked-out rlan coverling the entire area in
which transmission oceurs;

(b) An administrative organization, capable of carrying
cut this plan;

(c) Sultable legislation and regulations;
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(¢} Budget planning covering the operaticn as a whole for
a paried of yearg;

{8} ZEiffectiva support from all brancheuw of governmenbg

{£} Coopordition with all medical and heaith bedies, @ffi@%ﬂi
and private; and

{z} Fducation of the general pubiic.

Techniqueb.

Within the wverall program, detailed plans shouid be duvel-
oped covering the epldemiclogical and operational phases., FPlaws
should e speclfdh -and contain estimates of neoded equipment and
mnherizis, perawnitol, and transport for the projected perioed of
opsrations.

E&Ppinga

Jecurate maps mre a ey factor in the flanning of sradi-
cebion. Jarge-scHls maps are essential for Xhe delimitation of
malarious areas, {or ‘showlng the exact locatlion of each hicusy
te be Ppreyed and for the fidng of individwal rasponalbllicy
of fi eld*emplcyees‘within definite sectors. Maps are sgsenbisl
8t ‘gvery step of the progrom - overall phas*ﬂgﬁ plagning and
checling daily opsrationa whether these be epidemiologisal ox
operational. .

Timetable.

) The general pattern of the standard sradioat iaﬁ PIOETERR
{propardtory, attack, consvidiation and unzintenanse) which maut
be modified andeadspted as Bie program r.lew.reibz)@sﬁ may be sublined
Has

Prepavatory phase: an initisl maiaria survey, plavming, sod
preliminary spraying operations im pilot training areas; nscessssy
legiclagion obtained, squipment and material stockpiled; pursomnel
hired and trained. This preliminary phase miy require & your.oP
mora, depending on previous contrﬁl sperations and availisgbility
of data and pergopnel.

Attack phass: four years of azobive gpraying with resudis

-continuously checked by epidemiological evaluation, to Insurs som-

plete cessabion of malaria trencmisgion and the ompbying of the
parasgite reserveir ip the hwwan host.

Consolidation phasa: three yeara devoted to an active search-
for rsgidurl foci of transmission. Epidemiological evaluation con-~
tinues as part of surveillance, when the fact of eradicatisn is
being confirmed.
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Maintenance phase: begins when eradication has been achieved
and continues as a function of the health department as long as
malaria exislts elsewhere in the world. The disease remains noti-
fiable, and any imported or introduced cases must be dealt with - -
adequately by the healih department. Those planning the program
should make provision for the continuing action of the health
department.

Organization.

Natlonal Govermment and Qovernmental Arencies. The eradi~
cation service must be an integral part of the governmental
structure, with the necessary backing from the government to
insure its success. The eradication service is normally planned
as a special temporary service established to accomplish a defi-
nite mission within a limited period.

Provision should be made in the regulations for financial
and accounting procedures to permit the uninbterrupted flexibility
of action necded for operations on a shifting front. Interna~-
tional participation generally requires special regulations (for
example, delegation of authority as regards financisal and per~
sonnel matters), and special privileges as regards taexes, salary
scale, budget, import duties and administrative matters. The
eradicaticn service will in some instances temporarily overlap
or replace the work of other agencies. This requires ackmowl~-
edgement by the government of the importance of the pregram and
the acceptance of responsibility for establishing working arrange-—
ments with the other government agencies concerned. Cooperation
with these agencies is essential and must be assured. Rivalry
or opposition can seriously jeopardize the all-out effort needed
for success. ‘

Organization of National Malaria Eradication Service. Malaria -

-aradication programs should be directed by a special malaria serv-
ice, preferably a primary division of the national health depart-

ment, with a national malaria council to advise on general management
and to coordinate malaria activities with those of other serviqes.

The eradication program should be developed along two main
lines: epildomiological and operational. The administrative struce
ture will depend upen the size of .the population to be sorved,
proferably with centralized direction and dccentralized execution. o

- The epidemiological service should outline the malarious area and

establish tho definite boundaries of the area to be worked. [From

the beginning, epidemiological studies should be maintained to de-. ‘e
termine the places where transmission still continues, and to in-

dicate when spraying can be discontinued in cleared areas.

After a detailed ground study of the number of houses in each
locality, and the ways and means of transportation, the field
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services shiould draw up the itineraries of work to be followed
by the spraying squads and indicate the geographical limits of
each squad®s responsibility.

Legislation.

"FoF the proper implementation of a malaria eradication pro-
gram, pertinent national regulations are generally necessary, the
nsture of which varies with the situation in each country and with
exlsting legislation. The regulations should cover, with suffi-
eient clarity to avoid any argument, the following:

(1) Definition of the nature of the problem and the methods
fo be. employed, including priorities for various sections
of the program and areas involved;

(2) Provision of an adequate and stable budget for the com~
plete program-of eradication, with provision for an
adeguate reserve fund to guarantee regular monthly pay-
ment of salaries and operating costs; \

'(3) Nature of psrgomnel required for surveillance, treat-
ment, Jaboratory diagnostic work and administration,
their duties, salaries, privileges and obligations;

(4) Obligations of the public as regards collaboration with
suryey end eradication personfel in conmection with
entry and spraying of all habitations and medical exami~
nation of individualss

(5) Compulsory notification of suspected or confirmed cases;
malaria should be classified as one of the mationally -
reportable diseases and should be subject to the appro-
priate rules and regulations, which should be enforced
by law and whieh may, under special conditions, include
quarantine measures;

(6) Special megsures for the prevention of re~infection,
including guarantine regulations governing the movemsnt
of populations from malarious areas to areas free from
the disgase;

(7) Remuneration of those responéible for the execution
and observance of the law, and determination of penal-
ties.and avards.

Provisions should ba mede for legal help in interpretation
of the malaria regulations and in dealing with other agenciles and
the publice The service may have to apply legal sanctions on
occasion and mey in turn be subject to damage suits or injunc'bn.ons.
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Recruitment and Training.

Basic staff needs must be carefully estimated in the planning
stage; thesc comprisc field workers for spraying operations and
for gpidemiological evaluation, including medical, entomological,
engineering, educational and administrative disciplines, and a )
special headquarters staff in epidemiology, entomology, engincer-
ing and health cducation, as well as an effective coordinating
administrative staff. ' .

Director.

The pnolional director should be a person with prestige in his
own country and with the confidence of the government leaders.
He may be dravn from almost any discipline, but must have leader-
ship qualilies as well as administrative ability or special knowl-
edge in the ficld of malaria eradication. Qualities of adminisg-
trative ability ot knowledge of malarla eradication are also
essential in his principal assistants.

Key Personnel.

In countries of about a million population or less, the

- national organization is primarily one of field operations in .

spraying and epidemiological evaluation, assuming that specialist
guidance in entomolegy and other special fields can be supplied
by cooperating agencics. In larger countries full time local
apcciallists should be employed. Sometimes they are readily
available, as in India; somebimes they must be trained. The
staff of highly specialized personncl need not be large; all rou-~
tine work even in special fields can be mastered by individuals

- of all races who have no advanced education but who can work

well under supervisloun.

It has been assumed, at times, that the only measure of proper

. spraying is the Gpldemlologlcal one; namely, the decrease and final

disappecarance of malaria. This measure has been applied relatively

late in the campaign, often after years of effort have been lost

because of uncorrected deficiencics. Spraying itself has standards

of performance which should be applied by adequately trained per-

sommel as a measure of success before the epidemiological results ' .
become apparent. The key persomnel are at three levels of super- ’
vision:

1) The headman directly in charge of a spraying squad;

2) The supervisor of a group of spraying squads, often called
a sector chief;

3) The supervisor covering several sectors at the zone level.
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A zone of aboult a million people is large enough to carry
on operations with considerable administrative aubonomy, but it
must have a capable administrative chief. 1In a large country,
supervisory personnel sbove the lewvels indicated cammot have
personal knowledge of all local operating conditions. If sectors
are too largc, with insufficient supervision by the zone office,
there will be inadequate checking of thé coverage of all houses
and of all pertinent parts of each house. To Insure the Inter—
ruption of malaria transmission it is important that close to
100% of houses be adequately sprayed. Sufficient personnel should
be supplicd at the supervisory levels to insure this result. If
sanitary inspectors are available they should be used; if not,
the most intelligent and active spraymen will have to be trained
as supervisors.

Personnel. for a Population of One Milllon.

Some idea of the numbers of spraying personnel needed can be
obtained from the following figures, which are conservative. As
the number of cycles per year is increased or the seasonal perilod
of spraying shortened, the personnel needs aro increased almost
in proportion. -

Pergsonnel for a Total Population of One Million

Spraying cycle Two cycle (6 Mo.) Two cycle but
Contimuous 12 Mo. - Continuous spraying 2 mo. only
Spraymen 100 - .t 200 - ‘ 600
Headmen + 20 KO 1
Sector Chiefs 10 _ 18 30
Zona $upcrvisors 5 . 8 : 12.

The selection of qualified individuals for headmen and super- '
visors ‘at the sector and zone levels 1s of the greatest importance.
Effort should be made to work out a plan to keep them continuwously
employed, with a government coreer open to them as long as they
perform efficiently.

Personnel for Evaluation.

A large number of persomnel ls also required for the epidem-
iclogical evaluation service. Estimates have been made of one
evaluator to 10,000 population, or as many as there are spraymen
in a continuous ‘one cycle operation. These evaluators should be
of a category equal to that of spraying operation headmen and, if
possible, recrulted from that staff. As high a number as this
might be expected where a very actlve search for cases was
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contemplated, such as a house-to-house survey repeated every: two
weeks, an expensive procedure. UWhercver local collaborators do
the bulk of the evaluation, under careful supervision, supple=
mented by selective area surveys and spot checking, a much lower
number would be required.

Entomologists. Co -

Special atiention should be given in each country to the
need for an adequate number of entomologists and to the training
of entomological aides.

Recruitmegg.

Great difficulty may come in rapidly recruiting personnel
for these important categories because of existing merit systems,
which may have educational standards that cannot be rapidly met.
There should be flexibility in this matter, loan of maximum
number of qualified individuals from other services should be
made, and arrangements made for training of new persommel. This
training need not bec unduly time~consuming, becauso one of the
great advantages of eradication pregrams is that they are based
so largely on routine activity of nonprofessional and relatively
untrained staff which can be taught to do routine operations
efficiently under supervision. The success or failure of the .
eradication program will depend largely on the efficiency of the
spraying operations, and it is here that the largest muber of
personnel are needed. .

Training.

Training of all bul key national personnel will have to ba
provided almeost entirely within each country. Consideration
should be given primarily to the training of spraymen, headnmen,
sector and zone supervisors. OSplaymen can be adequately pre-—
pared in a two-week intensive training course with a variable
period of practical expcrience. Headwen will probably require
an additional weck. At higher levels, a six~to-eight week course
will be needed to make them compotent to supervise the activities
. of spraymen and headmen. Instruction should include, for example,
mere about the disease itself, its detecticn by blood smears, the' -
use of common anti-malarial drugs, and the maintaining of good _ .
publiec relations. Again, it is emphasized that large numbers of
these individuals are needed early and continuously throughout
the spraying operation. By the establishmont of one or more : b
small training units, large numbers of this important personnel
can be trained and given practical experience.

Since the greater portion of this training is of a practical
nature, the use of audio-visual alds as well as actual spraying
eguipment is most helpful. Basic material can easily be prepared
in any local language reguired.

- 90 -



T

The recruitment of experienced malariologists and other
specialists is difficult because of a limited supply.

Malaria eradication training centers established in Jamaica,
the Philippines, and elsewhere will continue to give basic ori-
enbation to those physicians, entomologists, and engineers who
can be recrulted for eradication pregrams. They should be re-
gserved for men who have had lititle previous experience in this
work. 4 10 to 12 wesk perled seems to be adequate for this basic
training, and a month of careful ocbservatlon of a sucgessful pro-
gram elsewheres would sgeem to be sufficient preparation for these
men to begin working under supsrvision in actual programs.

‘There are cofficials in many countries, directly or indirectly
invelved in malaria eradication programs, who cannot be expected
to proflt from a detailed; Intensive course but who would recelve
orientation and stimulus to do a better job by visiting succesaful
programe in other countries. Parkt of the value is in seeing pro-
grams, part in meeting and talking to men who are recognized as
authorities. Thers are programs where mich can bs learned. Train-
ing vislts are'best limited to one or two countries. The assign-

‘ment of a qualified coordinator of these visits in countries

where field observations are to be made is especially helpful,
and provision should be made for interpreters when necessary.

Staff Requirements.

A basie principle of operations is training from the top
down; having kesy people traln supervisors, who in turn train the
field staff. Essential to the success-of an eradication program
are the care and thoroughness with which each supervisor checks,
rechecks and double-checks the performance of each subordinate,
gg the program chief all the way down to the sprayman in the

ds )

Lack of adequate provision for financing has been a major
handicap to many eradlcation projects. Inberrupbion of an eradi-
cation campalgn is cxditical, since this can jeopardize the entire

program. Until a project ls successfully complebed it can' be set
back either partially or completely by interruptionsg it is uniqua
in this respect. Achievahent of eradication requires that particu-
lar care be given to assure that the necessary funds be mads
available uninterruptedly throughout the entire program, snd that
funds be allocated to the malardis service without being hampered
by delays antailed in"the routine reviem.ng of individual expen=-
ditures. .
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9.

]

Logistics.

Eradication, in contrast to a control program, depénds on

" the effectiveness with which the organization can get men and

materials-to -even the most isolated areas at the right time.
This often involves long lines of communication over difficult
terrain and under poor liwving conditions. Problems of trans-
port, of supply depots, of .men living and working away from
home, of overtime and subsistence allowances, of repair facili-
ties and others become major issues. -

Transport-. ‘

No general rules can be established for transport require~
ments except that wherever possible, reliable local services
should be utilized. Pack animals, boats and sometimes bicycles
can be procured locally; Jeeps, landrovers and trucks, may have
to be imported.

Supplies and Equipment.

-A detailed list of equipment and supplies, subdivided into
needs with respect to time and location, is essential. "This is
particularly important in the early stages of planning operations
if much of the equipment and supplies‘are procured outside the,
country. Procurement must be given ample consideration in planning.
Wherever possible, local. sources of supply or manufacture should '
be used..

Warehousing, Garage, Repair_Facilitieé.

Adequate warehousing and garage and repair facilities must
be available, together with a proved system of issue, use and
repair. lLacking a teSted- control system, advantage may be taken
of military experience for this purpose. The rules and regu-
lations which are established should be made available in manual
form and distributed to all personnel concerned.

Health Education.

Emphasis has been placed elsewhere on the impértance of
adapting malaria eradication operations to the biological behav-
ior of the-local anopheline vector. It is equally important to

" adapt to the mores and behavior of the human population:. and

espacially important to recognize the necessity of teaching. all
levels of society the objéctives of the malaria eradication pro-
gram, the reasons for the techniques used and the overall long
-time’ advantages for the entire population. Individuals, acting
as budgetary or legislative authorities, determins the.amount of
money to be spent on malaria_eradication; other individuals, in
the finance and health ministries, decide on the timing and
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orientation of the program. Still other individuals must pive
counscl on the technical and administrative details roquired for
eradleation. Howevor; in tho end, success depends on getting

the full-hearted cooperation of the houscholder and copecially

of the housewife, in gaining cntry to the home for the spraying
of insccticide, in taldng blood slides for evaluation of progress,
cand in the rcporting of fever cases ond the administration of
drugs. .

Effective education at all levels is essentisl to intelligent
decision and countinuing collaboration until malaria is no more.
The widespread dissemination of informatien alone does not guaran-
tee conviction and favorable action. Ressarch has shown that the
individwal does not always see what he is shown nor hear under~
standingly what he is told; that the individual without malice or
intent may readily forget or disbtort that which he has just seen
or heard; and that even when the individuwal has apparently learned
the ideas communicated to him, it does not necessarily occur to
him to take the obvious-action suggested by these ideas. Each
personts knowledge, bcliefs and sentiments, are acquired in a .
hundred differcent ways; from his grandmotherts tales, from the
_actions of his parents, from lesscns in school and in church and
especlally from other children. As an adult he still learns but
more selectively, based on his past experience, the attitudes and
"beliefs of his neighbors and the group with which he works; his
reading is limited and selective, as is also his choice of radio
programs. The ease of acceptance of new ideas, such as the con-.
cept of malaria eradication, will depend largely on past experi-
ence and accumulated beliefs. These are general truths, and the
malaria eradicationist must be ready to adapt his teaching methods
to the social, cultural and educational baclkground of the popu-—
lation living in the malarious areas to be cleared of the disease.

There is no one right or easy way to get people interested
in malaria eradication and ready to collaborate fully. Many dif-
ferent educational approaches are needed.

Plans should include especially the appropriate cducation in
the neaning and manner of malaria eradication, of the national and
local officials, doctors, health officers, para-medical personnel,
and practitioners of indigenous medicine and midwifery, and most
certainly, the staff of the malaria eradication project at all
levels, particularly the spraymen.

The educatlional part of the malaria eradication program
should be planned from the beginning and in as much detall as any .
other part.

In many countries with malaria eradication programs, the

necesslty of .educating the people has not beon given sulficient
attvention. This is shown by rosistance to inscetieidal spraying
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by a significant percentage of the househw_ders° Considerable
time is lost on repeat visiis tc homes which could not be sprayed
. on the first visit. Resistance to- blogd sampllng “and o don~
;*tlnued"dfug’LrEé%ment is reported. Hesistance is often die bo
apathy, to lack of i .nformatlon, to miblnformatlon, to disap=. ’
pointmerit over failure of previous spféying to kill all housshvld
pests and to fear of the poisoncus effects of insecticides.’

These problems of human resistance are apt to-continue and
multiply unless educaiional plans, each qdaptable to the situation
in a given area, are developed and carried out. In each country,
the problem must be identified and the apnropmiﬂte gducational .
treatment determined, The persons to participate in the educational
program must be selected and trained in accord with a planned pro~
.cedure w1th adequate staff and budgeto

The task of learning why people react unfaverably to malaria
eradication and how to induce a favorable reaction is difficult.
FPlacing Health Education spescialists on the melaria staff is
recommended. Although some countries have competent directors -
and staff of health education, these persons are usually over-
loaded with other work and rarely has any one of them devoted
full time to malaria eradication.

Need for Health Educators.

ICA and PAHO/WHO health education advisors beth recomnend
that health educators be employed in malaria eradication pro-.
grams. They have prepared a bulletin entitled "Educational
Approaches in Malaria Eradlcation® and distributed it in draft. --
form for comment to malaria health educators throughout the
world. The final draft of the bulletin should be ready for
publication in the near future.

‘At the present stage of health education in many countries
with malaria sradication problems, outside assistance is necessary.
ICA must assume leadership for technical assistance in health
sducation for malaria eradication,as the only available pool of.
trained advisers in health education. is inm the U. S. A.

Local budgets must provide for national health education
staff and for the production of teaching materials. Once the
vlan for teaching the people has been drawn up, this national
education staff must in turn ordent the rest of the staff -of
the eradication service on how to -get the necesgsary ideas across
to the people, to guarantee their individua] and collectlve colm=-
munlty support.of the program.

Lack of funds and personnel; political instability, slow and
difficult transportatlon, language differences within a country;

-7k -



-

illiteracy; all these are barriers which make the educational
task in malaria eradication difficuli and complex. Howsver, an
understanding and application of a few basic principles of how
peopls learn and how their support can be gotten, will deo much
to strengthen the malaria eradication program.

The educational problem mmst be solved 1f the goal of
eradication is to be achisved.
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VILI. EVALUATION AND THE MEASUREMENT' OF DISAPFEARING MALARIA

1.

Before DDT and Bradication.

Before acceptance of the concept and launching of eradication,
the prevention of malaria was only partial; its reduction was
uswally gradual. In the earlisr control programs some contlinmuing
transmission was expected. Malariologists measured the reduction
of malaria from year to year, by indices of infant infections, of
blood parasltism in childred and of Juvenile splenlc enlargement.

The index of infant infections gives a measure of continuing
transmission in the homes where births have occured during the pre=-

© vious twelve months, but no indication of the situation in other

homes. The index of blood parasitism :in children is a measure of
the upward or downward trend of infection in the homes from which
they come. And the index of splenic enlargemont in children is a
guage of a chronic rsaction to malaria infection from year to year,
but neither is sufficiently senasitive to indicats rapidly the
interruption or continuation of transmission.

During Eradication.

The malariometric methods of a control program are quite In-
adequate for eradicatlon, particularly as extinction is approached.
An eradication progrem raguires precise kunowledge of the persist-
ence of malaria transmission before eradication is complete, and
any rsgppearance thersafter. Surveillance requires techniques and
practices that enable the eradicationist to gauge the amount of
diminishing infection remaining after apparent disappearance of
the disease and to idemtify foci of continuing transmission.

Surveillance s an essential element of an eradication program,
is defined by the World Health Orgenization®s Expert Committee on
Malaria asy

®that part of a malaria eradication project designed to dis-
cover evidence of any continuation of transmission, to establish
1ts nature and causes, to eliminate residual foci, to prevent or
cure such residual or imported malaria infections in man as would
delay the ending of transmission or threaten its resumption in a
given area and, finally, to substantiate the fact that eradication
has been achieved.” (7th. Report, 1959, page 7.)

Methods of Epidemiological Evaluation (Surveillance).

The methods of survelllance for either disappearing or reap-
pearing malaria mnst be adapted to.local situations and the means,
financial or administrative, at the disposal of the malariologist
in chargs.
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‘Foci of Lransmission may be identified by (1) infant parasite
rate; (2} parasite rate in children; (3) blood-parasite survey
_ covering all ages; éither by percentage sampling or mass survey;’
and (4) the search for malaria infections through the systematic
examination of bldod: smears -of febrile casés. The ¢ollection of
. blood smsars may be made by (a) permanently available local services,
or (b) travellnng representatives making rapld periodi¢ visits.

Passive. The permanently available service may be medlcal,

" the practicing physician, the dispensary and the hospital, or may
be the lay representative of the malaria eradication service espe-
cially appointed for the purpose. This type of surveillance has
been termed #passivet, since active scarch is not made for fever
cases, but'is limited to individuals reporting ill.

Active, The work of the travelling representative has been
" termed tactivet surveillance, since he routinely visits all homes
in his district periodically, actively. searching for febrile cases
and for persons with a history of fever since his lagt visit, from
" whom smearsars prepared for diagnosis.

- WPagsive surveillance™ will not be effective unless the ma—
laria service actively recruits, stimulates, visits and checks the
. work of local resident representatives. One great advantage of the
local medical and lay collaborators who serve in Wpassive surveil-
lance™ is their close, permanent contact with the local population.

. In some programs an attempt is being made to identify each
individual infection as soon as it occurs and to give suppressive

 treatment before the stage of. the disease at which the individual
becomes infective for mosquitoes., This attempt requires active
surveillance with visits spaced not more than two, three or at
most four weeks, backed up by readily accessible laboratory facil-
ities with a delay of not more than two or three .days between the
-¢collection of the blood smear and the report back to the field.

Drugs. The expectation of blocking -the development of active,
transmission in the malarious area through identification and treat-
ment of each. case before mosguitoes can become infected and infective,
‘15 almost surely doomed to disappointment., except in those areas
‘where transmission has ceased -and where the anopheline vector has |
been practically eradicated by insecticide. The difficulty of find-
ing each case is emphasized by the observation in the Philippines
that 60% of .all blood slides collected on visits on a three-week
cycle were from persons with fever on the day of the visit, and
only 40% from febrile cases ocecurring during the period between
visits. It is obvious that over half of the febrile cases occur-
ring were not being examined. To recognize and treat every infec-
tive case of malaria in most areas would be impossible except at a
prohlbltive cost.
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In areas where transmission has ceased, the finding of each
imported infection as soon as it occurs might make it possible to
prevent the infection of mosquitoes and the development of foci
of transmission. Bult in areas where active foci of transmission
exist, it is obvious that transmission cammot readily be blocked
by tcatehingt individual cases.

Scarch for Foci of Tranamission. ' Generally it will be found
practical to plam survecillancc to roveal places where transmission
eontinues and take measurss to suppress such transmlssion on a
community basls. In other words, the {inding of a single autoch-
thonous case is significant only in that it may reveal a focus of
transmission calling for the blanketing of the loecality rather than
the merc treatment of the casa.

This is an alternate procedure followed in the eradication’
programs of a number of countries. It entails either a retwrn to
spraying in the area of transmission or, if therapy is used, its
mass application to the population of the area. In choosing the
method to be used, it is to be remembered that in spraying, the -
wnit of control isg the house, whereas in therapy the unit of con--
trol is the individual, always more difficult to find and to treat,

Fever—-Heporting Postg. In Ypassive! surveillance, a netxork ]
of fever-reporting posts may be set up, manncd by lay collaborators
to supplement the rcporting of local physicians, health centers and
hospitals, to which roference has been made. The selection of the

-collaborators is of prime importance. Individuals should be soughi

who are in close 'contact with the people and in whom they have cone
fidence. The collaborators are trained to make blood-smears, to
dispense anti-malarial drugs and, in some Instances, to act as
epidemiological aides. Iach collaborator is allocated an area of
such size that fairly reliable communication may be maintained

with all its residents who report all fever cases to the collabo—
rator. The collaborator provides anti-malardial drugs for each
fever patient examined, as an incentive to stimulate the reporting
of fever cases, and to render any malaria case non-infective.

The great difficulty in the final stages of disappearing ma~,
laria is to make all malaria transmission manifest. The search
should be for parasite carriers who may be the source of infection’
for anopheline mosquitoes, whether or not the individual carrier
has an attack of féver at the time of examination. While concen-
tration on fever cases shows the largest number of positive cases
per thousand slides examined, it is not necessarily the best index

_of infectivity of the population.

Evaluation During the Attack Phase.

Epidemiological evaluation carried out during the period of
residvual spraying gives a clear indication of those population
groups which are still exposed to infection. But, as the real
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incidence of malaria approaches zero, sample bleeding of these
particular population groups at regular intervals, irrespective
of the occcurrence or absence of fever cases, is invaluable as a
source of information as. to where transmission may still occur.
- Surveillance can profitably resort, also from time to time, to
sampling surveys of the general population. Each individual
found positive by blood examination should be subjected to
epidemiological inquiry to deteimine, first of all, the p&ace of
infection and, secondly, vhen infection occurred, to aid in
deciding whether it is a new case, a relapse, -a transfusion
infection or an introduced case.

The epidemiological inguiry should be made by & qualified |
epidemiologist or by an aide who can make blood smears and obtain -
information concerning the probable time and place of infection.
The parasite~positive individual is queried and the information
obtained is recorded on standard forms and becomes a part of the
permanent, cumilative epidemiological file of the area. The field
investigation should be extended to include members of the famlly;
fellow workers and other contacts of the infected individual; &
blood smear is taken and a report form is completed for each person
with history of febrile attack.

On the basis of this case history the epidemiologist classi~
fies eoch casé as relapse, transfusion infection, introduced case
or recently-acquired local infection., The location of the resi~ -
.dence « or of other place where transmission was presumed to have
oceurred ~ is then spobted on the map by appropriate-time interval,
to see whether or not it can be related to other cases in time or
Space, or both.

Certification of Eradication.

If surveillance is effectively practiced and maintained, geo-
graphically and temporally related casecs of malaria will be found
as long as transmission continues. When transmission is stopped
due to vector-control, sessonal changes or other causes, the number
of cases will diminish rapidly, i.e., malaria will tend to disap--
pear, and the residual cases will consist of sporadic and unrelated
instances of introduced or relapsing infections. When surveillance
over a period of three years - during at least the last two of which
no vector control or mass medication programs are carried on ~ fails
to reveal primary, indigenous cases in a particular region, malaria
eradication may be ¢laimed, in accordance with the c¢riteria of the
World Health Organization.

Training of Evaluators.

Since surveillance is as indispensable in malaria eradication
as-are administration and operation, provision should be made for
the recruitment and training of epidemiological evaluation personnel
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in the early phases of the eradication program. And it must be
borne in mind that health education of the public is just as
essential to the success of surveillance as it is to spraying
operations.

The director of the surveillance team should be a well-trained
epidemiologist, the optimmm being a medical graduate with public
health education and experience in administration and epldemiologys-
he should be sufficiently familiar wlth the tasgks of all his sub~
ordinates to enable hiwm adeuately to supervise thelr tralning and
their work.

The first echelon of these wlli consist of epidemiologlcal
assistants, prepared to take charge of survelillance operatlons in
individual sectors of the eradication area. It is desirable but
not essential that the aselstant epldemiologlsts be medical gradu--
atesy they should have a public health background, administrative
ability and a gound appreciation of effective public and profes-—
sional relations, as they will be dealing with local physiclans
and residents. )

© Next in order are the epldemiological aides, trainable lay

" collaborators who can read and write. Their supervisors will help
them wake friendly contact with the residents of thelr arcas, to

whem they should explaln enough of the eradicatlon mission and

- opergtions to gecurs local cooperation. These alds should be honest,

3e

careful, and intelligent. They must be shown how to make thick and
thin blood films, how to use clinical thermometers, how to percelve
circumstancaz which may vrelate to the success of malaria eradica=-
tion frew the standpednt of popular cooperation, how to interrogate
skillfully to gather the information deslred, and how to keep accu-
rate records. They may also be used under certain clrcumstances

for the distribution of antl-malardal medication. Their number will
vary with the size of the operatlional area, the distrdbution and
aceessibility of its poyulation, and faellities for transportation
and commmnnication. Bub under no clrcumsbances should a lay collabo-
rator be assigned a sub-sector too extensive, populous or diffieult
of aceess for reliable survelllance by one individual. Too heavy
an assignment, is poor economy, since the fufure maintenance of ma-
laria erddication must be based on the information he supplies.

There mgst be effective admlnlstrative procedures for trans-
lating the spidemlological findings of surveillance into prompt
remedial actiom if reguired. Expeditious reporting, quick analysis
and immedlate action are all lmperative if surveillance is to carry

“out 1ts key functions in a malardia eradication program.

In considering the problem of messuring *disappearing malariat,
the Panel was impressed by the high cost of Mactive surveillance",
where conditions of transmission suggest that house~to-house visits
should be made at intervals of two, thres or four weeks, if new
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infections are to be discovered, diagnosed and medicated before
becoming infective for the mosquito vector and serving as the
source of infection for a ney generatlon of cases. ) e

On the other hand, as the incidence of malaria decreases toward
the zero point, it is probable that the less costly Ypassive" sure
veillance may become relatively sterile, since the numbser of slides
from fever cases to be examined to discover malaria infections will
be out of all proportion te the number of infections found.

Although the infant parasite rate and the parasite rate in
children are ugeful in epidemiological evaluation in static popu-
lations in the early phases of eradication, they are quite inade-
quate for evaluation among such mobile fringe populations as
lumberman, fishermen, charcoal burners, and chi¢le gatherers, and
among seasonally isolated farm workers, which becoms extremely
important in the consolidation period. In the latter phase, all
infecbions in all age groups are equally dangerous and significant.
It seems probable therefore, that more and more reliance will be
placed on systematic blood parasite,studies to reveal foci of °
transmission based on repeated sampllng of entire populations with-
emphasis on those special groups shown by previous investigation
to be most exposed to infection.

The Panel suggests that additional study is needed on how,
best to adapt the intensgity of search for new cases to differing
epidemiological conditions, taking full advantage of all mathe-
matical methods of analysis and of statistical sampling, Flexiw
bility in modifying surveillance, in accord with epidemiological
informatlon and .with current findings, is essential if unnecessary
expenditures are to be avoided in those areas where malaria trans-
. mission has really ceased.
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MALARTA ERADICATION AND POLITICAL PROBLEMS

There are political as well as-adminlistrative and technical
obstacles to malaria eradication. They may be caused by political
action ~ or inaction ~ or may arise from difficulties based on
unfriendly relations between governments. Such obstacles;, not
susceptible to administrative correction, may have to be solved

. through diplomatic channels where bilateral aid ig involved, or
through international parley.

\ .-

Oftentimes the answer lies in health education of a high order,
directed particularly at top national and provineial levels. The
solution is facilitated when officlals at those levels realize the
political assets-that can accerue from being identified in their- own
country with the achievement of malaria eradication.

Problems of this nature are neither lsolated nor unique and may
occur during -any phase of the eradication program. Failure to solve
them in one country may not only interfere with the progress of the .-
campaign in that country, but may increase costs and delay the attain-
ment of eradication in adjacent countries. These problems must be
faced as soon as they are detected, and remedial action sought.

Problems of a poltical nature that affect specific eradication

programs, fall into the following categories:

1) Recalcitrance of local inhabitants opposed generally to
government activityy .

.2) Relegation of malaria eradication to low priérity in 5
competitibn for available financial and personnel resources;

3) -Political appointees unqualified or uninterested in malaria
eradlcatlon, -

L) Conflict of national interests of contiguous malarious
countries, making coordination of eradication programs
difficult;

5) Civil insurrection.or rebellion.
6) Non-ﬁarticipation of the goverrments of certain malarious
countries in international organizations sponsoring malaria

eradication.

Recalcitrance of Local Inhabitants Opposed to Government Actigity.

There are countries in which the reluctance of spraying teams
to enter malarious areas inhabited by unfriendly tribesmen
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has prevented complete national coverage. In some countries there
exist undeveloped areas, remote and difficult of accesas, inhabited
" by primitive peoplaes who have had 1little contact with civilization
and prefer even less.

These problems offer a challenge both to logistles and to the
health educator. Transport problems have sometimes been met even by
air-drop. The challenge of unfriendly, i. e., ignorant, populations
has at times been met by dedicated individuals and government person-
nel who have contrived to make the hostile population aware of the
benefits of eradication. Several graphic examples could be cited to
show that primitive people can be made completely responsive to publie
health programs, that they are Just as desirous as are more advanced
populations, to be rid of disease, once they are made aware that
disease 1s not inevitable;:that it ¢an'be prevented.

Relegation of Malaria ¥radication to Low Prioritx in Competition for

Financial and Personnel Rcsources.

The priority given to malaria eradication is based, all too
often, on a political decision with adverse économic and health con-
sequences. It is understandably difficult to maintain a high priority
for eradlcation in a couniry where malaria is not a primary or major
public health problem. In other circumstances, low prierity may be
glven because the problem is believed to be ingoluble and any rescurces
devoted to it wasted.

The matter of priorities may alse be involved where governments -
or regimes - change, or where one political party is succeeded by
another. It does not necessarily follow, however, that changes in
governmments will change a high priority already given to a malaria
eradication service, particularly if the program enjoys enthusiastic
popular support. ’

In several instances the decision to give malaria eradication
a low priority has been reversed as a result of friendly representa-—
tions and offers of cooperation from neighboring countries motivated
by enlightened self-interest.

« Here again health education - at the highest national level -
may be the solution. If these in power come to realize that malaris
eradication can'be an important source of popularity and support by
populations 1iving in malarious areas, the program 1s most likely to
be given its desired priority.

Designation of Political Appointees Neither Qualified for Nor Inter-
ested in Malaria Fradication.

The staffing of a malariaz eradication service is an adminis-
trative task. But staffing problems arise from time to time that
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may be solved only at the highest. national political level - and
sometimes at the international level .through the friendly offices
of an international organization of which the country is a member.

As has been peinted out earlisr, the best solution is the
selection of a first-class adminlstrator to head the program, giving
him the complete authority to hire and fire employees. Hsre it is
well to bear in mind that in many areas of the world political
appeintments or those made for regsons of consanguinity are so.much
the accepted way of 1life that appeals for top-level intervention
should be made only as a last resort., Such appeals should be made
vhen it is consldered that the whole eradication program is Jeopard-
ized by ill-advised political or nepotistic appointments, and that
the incumbent is not amenable to adequate training or the instilling
of enthusiasm for eradication.

Conflict of National Interes.s of Cogﬁiggoggnyhlarious Countries.

Ideally, national borders shouwid not unduly influence or limit
malaria eradication. Physical, epldemiologlecal, topographic and
demographic considerations should detormine the area and timing of
eradication measures. However, adjolning countries may glve dif-
ferent prioritles to eradication within their boundaries; and border
areas across which trapsmission may occur, become lmportant. There
are cases in which a well-conducted program in one country is ’
threatened by a nelghboring country that is negligent in the opera-
tion of its program. Situations such as thls are sometimes remedisd
through diplomstic channels, through the aid of an international
organization or by informal discusslons baetween the malariologista
and other public health officors of the two countries.

A practical solution may bes tho creation of an antimalaria
coordination board, consisting of a representative of the health
gservices of each of the countries involved, which meets with repre-
sentativés of the multilaternl and bilateral agsncles. This pro-
cedure has:met with considerable success in furtherance of useful
cooperation in the malaria eradication programs of six countries
in Southeast Asia and of the seven countries of Middle America.
These Boards meet periodieally to discusgs border problems and to
plan coordinated seclution of common problems. In some countries
informal arrangements exist permitting control teams to cross
adjoining borders without interference.

Civil Insurrection or Rebellion.

Several countriés, because of c¢lvil insurrection, may not be
able to initiate eradication programs, or have had to inberrupt
programs already started, In some countries there may remain areas
hostile to the national government; in othere, spray and surveil-
lance teams fear to enter certain regions still occupled or subject
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to incursicns. These situations havein the past substaﬁtially
eurtailed, when they have not entirely interrupted, erddication
activitieso T o L o S

Even 1n the face of such sltuations, eradlcation programs
have not always had to be curtelled or suspended. There are
instances where agreemonts between hostile elements in countries
. disturbed by civil unrest have permitted contimuation of health
programs, including malaria eradication, to the benefit of all. It
is a matter of good fortune when such expedlient arrangements are
possible. ) .

Otherwise the program will siwply have to walt until sufficient
order and authority are restored to resume operations. Unfortunately,’
a serious interruption in the eradieation program may necessitate the:
repetition of much, or all, of the work already dene. Every attempt
should be made to avold any interruptions. . '
Non-Participation of the Governments of Certain Malarlous Countries‘
in the Tnternational Orpanizations bponsor&_r Malaria Lradication.

There are some malarious counbries which currently lack political

_relations with neighboring countries engaged in malaria eradication,

or which have no affiliation with the international organizations
sponsoring malaria eradlecation. ‘Since they may represent a contimuing -
threat of reinfection to countries that are in process of ridding
themselves of malaria, a certain degree of public health éooperation
may. become highly desirable. Under special - circumstances some synchro-
nization of eradication activities in such contiguous countries is
necessary to accomplish the commnon cbjective of eradication. Concomi-"
vant eradication activities or even the exchange of epidemiological
data might be furthered through the interveniion of third parties,
i. e, governmenls maintaining official relations with both.



X,

JINTERNATIONAL RESPONSIBILITY IN MALARYA ERADICATION

The Fanel cannot make detailed recommendations on ICA staffing
for malaria eradication. It can define its understanding of the scope
of ICA responsibility as the United States operating agency for pro-
viding technical assistance in international health, to implement the
United States pelicy of supporting world-wide malaria eradication.
This responsibility is linked to that of the internationazl agencies -
PAHO, WHO, and UNICEF.

The responsibilily of the participants in malaria eradication is
quite different from that in most disease prevention programs; the
difference is contingent upon the difference betwoen the objectives
of disetase control and disease eradicaticn. Disease control may be
local or national, temporary or permanent; dlseass eradication must
be international in orientation, and universal in application.

Successful malaria control campaigns produce temporary reductions
of malaria to such low levels that, during the period of control, ma—
laria is not "an Important public health problem." These campalgns are
generally limited to-the more heavily populated and easily accsssible
malarious areas where immediate results can be had for modest expendi-
tures of money and administrative energy. The success or failure of
malaria control is a matter of local concern affecting only inhabitants
of the control area. The threat of the introduction of malaria from
uncontrolled areas is not important since the "controlled" area itself
continues to maintain the infection.

The annual cost of the eradication program is considerably higher
than the annual cost of control. But a control program continues in-
definitely whereas, once eradication 1s achieved within a relatively
few years; the whole financial burden disuppears; and the funds used
become an investment in social and economic advance. '

. Although eradication programs are national, each country has a
stake in the success of the program in every other country. Success
muat be pglobal; no malarious community can be omitted. Thus eradica-~
tion raquires continucus international cooperation.

1. Responsibility of PAHO, WHO and UNICEF.

The governments of the Americas by actions of the XIII and
XIV Pan American Sanitary Conferences in 1950 and 1954 first
recommended and then instructed the Pan American Sanitary Bureau
to develop the activities necessary for the greatest intensifi~
cation and coordination of anti-malaifial work, stimulating exist—
ing programs, facilitating interchange of information and furnishing
technical and, whenever possible, economic assistance to the various
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countries to achieve the eradication of malaria from the Western
Hemisphere. The Bureau was also instructed to study international
measures to insure the protecltion of those countries which have _°
achieved eradication from reinfection. For this purpose the Bureau
was authorized to seek extra-budgetary financial contributions.

The governments of the world by resolution of the VIII World
Health .Assembly (1955) decided that the World Health-Orgenlzatlon
should teke the initiative, provide technical advice, and increase
research and coordination of resources in the implementation of a
program with the objectives of world-wide eradication of malaria.’
The Assembly specifically authorized the Director General to obtain
financial contributions for

a. HResearch

b. Supplies and equipment. . . . necessary for the effective
implementation of the program in individual countries, and

¢c. ‘Services required in individual countries which cammot be
made available by the governments of such countries.

In addition to providing technical assistance, training and
research, ICA has made available a considerable part of the funds

‘needed for imported supplies and. equipment for its bilateral pro--

jects; UNICEF has done the same for malaria projects in many other -

‘countries. This has permitted PAHO and WHO to avoid very largely

the direct financing of natlonal projects and has lst them devote
their energies mostly to:

1. Technical 2id. in planning and 0peratioﬁ of the eradication

- gervice,

2, The training of persommel.

3.° The coordination of national eradication services in a
united regional and global eradication program.

L., The setting of standards for the organization of eradi-
cation services together with the descriptlon of operating pro~
cedures. .t

5. Establishing specifications for insecticides, therapeutic
substances, and general recommendations for cycles and dogsages for
appllcatlon of insecticides and drugs.

6. The evaluation of the progress of national services by
“international experts. .

7. The certification of "eradicated“ ZONES,

8. Research on special problems.
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9. The payment on temporary emergency basis of needed foreign
imports and, in cxtreme cases, national payrolls.

£

The task of aiding individual counbries in the deveIopment of
malaria eradication programs is so great that each of the agencies
concernaed, the Pan American and World Health Organizations, UNICEF
and ICA has welcomed the participation of all the others in a huge
cooperative effort. )

So long as-control and not eradication was the objective, the
intermational health agencies could, like ICA, limit their responai-
bility to aiding in the purchase of supplies, insecticidss, equipment
and motor vehicles, and technical assistance where required.

Once the concept of malaria eradication was accepted, PAHO,

" WHO, UNICEF and ICA all became vitally interested in the careful

planning, meticulous administration, complete coverage, continu~
ing evaluation and coordination of malaria prevention in contiguous
areas across international frontiers required for the success of
each natlonal eradication programe

The wbrld Health Organization has a special relationahip-to
world malaria oradicotion as it is through this organization that
nenber states cooporate in the program by adapting their malaria 7
programs to the general plan of eradication and by synchronizing
their border activities with those of neighboring countries. WHO
is responsible for overall techhical orientation in accord with
the reconmendations of its cipert committces, including preparation
of speecifications for insecticides and pumps and the genaral recom-
mendation of dosage and psriodicity of application of 1noecti-
cides.

PAHO and WHO can undertake the interpational evaluation of -
national eradication programs of member states without any invasion
of sovereignty and may undertake the official} certification of
Meradicated® areas in accord with standards already established. -
These agencies should constitute the clearing house for all reports ~
of progress and of difficulties encountered; logically they are
the centers for-sfimulating and even contracting for the research

needed to solve field problems.

Re5ponsibility of ICA

The ICA was created to further the léng~term foreigh policy of
the United Stales by stirengthening the cconomic position of the -

_ underdevelopod countries of the world. Publie health projects for

the control of disszase at a tolesrable level, where it does not ma-
terially influence the economy, have been developel as a necessary
part of USOM bilateral programs in various individual countriass.

Malaria control projects orlglnally organized undsr these programs
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have now entered an entirely different category. When the nations
of the world decided that melaria should he eradicated from.the
entire world, malaria control,was no longer a matter of interest
solely because of its effect on the economic 1ife of an "individual
country. Country projects ceased to be purely for local benefit
and became units in a global campaign, of prime interest, even
necessity, to all other malarious nations.- When ccoperation in
world malaria eradication became United States policy in 1957, and
ICA .joined with cooperating nations in converting from control to .
eradication, the projects automatically became integral parts of
global eradication. The anti-malaria responsibility of ICA in- .
creased, as did that of each malarious country, from local efforts .
" £o reduce mortality, morbidity and economic losses due to malaria,
to partlcipatlon in a supreme effort to abolish malaria and to
remove 311 future threat to the spread of infection from any coun=
tryﬂto any other country in the world. ‘

/ .

Source of Responsibility.

The ICA responsibilities in malaria eradication are those
assigned by the United States CQovernment -in the development and
" execution of its policy, plus those shared with individual govern-
‘ments on the basis of bilateral agreements. These responsibilities
generally include Joint planning, technical and administrative
advide and guidance, training of national staff, and financial as- |
sistance. Unavoidably, these responsibilities entail maintaining
an adequate professional malaria competence on the staff of each
USOM in malarious countries.

Cooperation with International Health Agenéies.

{ ' .
. . ICA participation in national malaria control programs,* amcunt= -
ing to some $13 million in 1957, represented aid to governments in .
alleviating the effects of malaria, at a continuing cost which would
eventually have to be taken over by local govermments. By contrasi,
the projected ICA expenditure of 338 million for 1951 malaria eradi-
cation represents the United States part1c1pat10ntw1th certain govern-
ments in a capital investment of permanent value to all malarious
countries. But the success of this investment depends on the devel-
- opment of well administered, technically sound eradicatlon services
in many of the less well developed and politically immature countrles
of the world. Fortunately, ICA does not have to facé this burden
alone; it is shared with the international health sgencies. These
agencies are able to operate on a wider international front than is
‘ICA itself. .By.supporting the special malaria eradication funds of
"PAHO and WHO,. ICA is able to avoid many international coordination
problems and to devote itself essentially'to bilateral malaria
eradication projects. But even in these projecta, the ICA responsi-
bility varies with the amount of technical support which can be.
given by the international health agenciss. It is essential, then,
that- ICA be thoroughly and continuously famlliar with PAHO, WHO, and
UNICEF malaria eradication activities.
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Technical'Direction by Malaria E&édication Branch.

The‘technicel direction of a program of the magnitude of United -
States particlpatlon in world malaris eradication, in which many - .. =
governments and international agencies cooperate, demands high tech~ .
“nical competeneles in highly specialized fields and constant famili-~
arity with the programs of individual countries. 'Tre planning with
host governments and international agencies of multi-million dollar, -
‘eradication undertakings in 24 different ‘countriess; the appraiaal :
of progress towards eradication; the establishment’ of priorities
which determine allecations; the coordination of ICA activities
with the international agencies; all impose-a tremendous responsi-

- bility on the Malaria Fradication Branch of the Technical Resources
Division, of the Office of Public Health of ICA. s

_ The countries in which ICA is partlcipatlng in malaria eradi- st
cation do not constitute an isclated group of"24 contigudus nationa‘ .

which, once cleared, could be defended as a single unit against -

" reinfection.from other countries. Those involved in the joint pro-.. '~

<" Jects may be contiguous with, or surrounded by nations operating

“independently or in cooperation with international heslth egenciea.;g%j-
Accordingly, the ICA staff must be adequate to keep in touch with -
nalaria eradication progress everywhere. .

3

Technical and Administrative Advice Overseas.-

‘The Malaria Eradication Branch should maintain a malaria intel~
ligence service to gather information on progress in all parts of
the world, and to analyze all current statistical, epidemiological
and administret1Ve reports of ICA malaria projects. -

Such service is essential to planning the malaria eradication
activities of ICA and to providing supervision and technical ori-
entation from headquarters; such supervision and crientation may be
at a minimum in those countries vhere natlonal-staffing is adéquatse, - -
.either aldne or with the support of the Pin Amerlcen and World
.Health Organizations.

. : The Malaria Eradication Branch must also be prepared to advlse
on the extension of U. S. support {o other countries especielly to -
the nevly emergent nations of Africa.

. Obviously the success of malaria eradication in any one country .-
" 'is dependent on anti-malaria activities in others. Technical .deci<
-'gions and program planning must be made on a regional basis. with-
- representatives of governments, of the international health agencles.
. and of ICA participating in the discussions. ICA must be .represented
by highly qualified professionals if it is to inflhence program
planning and keep informed on progress, difficulties, and the needs
of the prograns.

ST
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Once it became U. S. policy to support world malariz eradica-.
tion, ICA became responsible for stimulating the development of,
and giving technical and financial support to, national malaria - .
eradication projects. ICA, as the operating agency of the United
States in technical assistance in international health has a very
definite responsibility for the end result of the world eradica=-
tion program, a result which can be achieved only with carefully
planned, well administered operations in each country, coordinated
with similar operations in surrounding countries.

Although WHO, through its expert committees, has the overall
responsibility of outlining the general, technical and adminis~
trative procedures, no single standard can be set for any phase of
malaria eradication applicable to all malarious areas. The ICA is
responsible for advising authorities on questions which may arise
regarding equipment, the dosage and cycle of insecticide applica-
tion, therapy, supervision of the program and surveillance. -ICA
gives administrative and technical orientation to the United States
eradication effort covering the epidemiological, entomological,
toxicological, parasitological, therapeutic, and administrative
phases of national programs. ICA works in individual countries
through the USOMts, giving advice on overall planning, recruiting °
and assigning personnel, and evaluates the U. S. participation in
national programs, technically, epidemiologically, and adminis—
tratively. Flexibility must be maintained and constant adaptation
made to changing conditions revealed by continuing evaluation.

Responsibility Within ICA.

Within the ICA itself, the Malaria Eradication Branch has a
host of .responsibilities, including the planning of overall U. S. A,
participation in world malaria eradication, and proposing the extent
and nature of U. S. participation in'the special.malaria funds of
the PAHO and WHO and in bilateral malaria eradication programs of
individual countries. Its services embrace, among others, recruit-
ment and training of staff, their agsignment to individual posts,
supervision through analysis of field reports and visits to country -
programs, consultation services for field staff with technical
backstopping of individual programs, and orientation on all matters
related to malaria eradication for United States overseas missions.
The malaria staff must prepare budget documenis and Congressional
presentations, maintain budget contréls, and allot funds as needed
to different projects.

United States support of malaria eradication, important at all
times, is especially so during the terminal stages in the countries
with bilateral programs, in contiguous areas, and across interna-
tional frontiers, In accord with U. S. policy, ICA briefs United
States delegations to PAHO, WHO and UNICEF and is responsible for
Justifying full U. 8. support of the malaria eradication program.
of these agencies. In the final period of eradication, when malaria
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incidence reaches a low point in a commtry or in a region, thers is
a natural tendency to. relegate malaria eradication to a minor posi-
tion. This is a perlod when the central malaria fund of ICA and the
ICA malaria staff can play vital roles in the completion of eradi-
cation. Continuing support until the Job is done will prevent
costly lapses and consequent delays involving greatly increased
expenditures and the unnecessary loss of prastige to the United

States.
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TROPYCAL AFRICA

In any discussion of malaris eradication, the vast area of
Tropical Africa, where man has lived for uncounted centuries with
the tradition of malaria, merits special consideration. The inten-
sity and contipuity of transmission reguired to transform falciparum
malaria irto one of the most deadly scourges of mankind, is gusran-
tesd by Anopheles gambias. This is undoubtedly malaria®s moat effi-
cient vector, ably sbetted by the almost equally dangerous Anopheles:
funestus. It is no exaggeration to state that tropical Africa, south
of the Sahara, is largely populaled by the remnants of a race which
pays in each generation a heavy price, in 1llness and death, during
infancy and childhood, for the apparent partial tolerance enjoyed by
the adult population. That the African is not naturally immune to
malignant malaria is amply documented by the out-break in certain
valleys in Ethiopia in 1958, when a prolonged rainy season permitted
Anopheles gambige to breed to high densities over an unaccustomed

range, resulting in some 150,000 African deaths.

There are many factors in addition to the transitional political
gituation which make eradication in Africa appear more difficult than
in other parts of the world. Nomadism and labor migration, wide
dispersal of farm plots in forest areas, prolonged seasonal; &nd even
perennial, transmission; lack of roads and other means of transport
and communication, all compllcate any effort to eradicate malaria. Teo
these difficulties must be added the poverty of the population, its
high rate of i1literacy and the paucity of professionally trained
persons and experlenced administratorsj last, but not least, is the
psychological handicap of a tradition of faflure in antimalaria work
in Africa. ,

Many preventive efforts have been abortive, small scale pilot
projects doomed to fallure by the inexorable pressure of infection
from the unprotected periphery.

Fortunately the difficulties in Africa are offset by certain
advantages: .

1. The very domesticity of A. gambiae and A. funestus, which
enhances their vectorial efficiency, favors malaria eradicabtion by
bringing these mosguitoes into intimate contact with residual insec—

ticide on the walls of human habitations,

24 Although resistence to dieldrin has been recorded for
Anopheles gambiae in certain areas, none has been reported for DDT}
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3. The tradition of failure is being broken. In the Cameroons
and in Liberda, where carly failure in total. community protection was
recorded, rccent efforts with special emphasis on the spraying of all
himafi habltations, farm shelters and rice kitchens, no matter how far
distant from the village of the owner, have been hlghly successful in
blocking transmissionj -

L. The total population living in the rural areas of tropical
Africa is comparatively small; although the per capita cost may be
" high, the cost per continent ought not to be excessive.

The wave of independence now sweeping Africe with the sudden
emergence of new nations, inexperienced in national administration,
must 1nevitably produce, in some cases, administrative chaos. Such
chaos should be temporary, and as stabllity develops, the new African
governments should become sensitive to the health needs of their
-peoples. No doubt the new nations in Africa will see DDT more gener—
ally used, often as a tool for gaining political prestige; the eradi-
cationist should be on hand to take full advantage of this developing
sitvation rather than be forced, as in other parts of the world, to
build malaria cradication on the failure of malaria control te give
adequate long~term protection.

The political leaders of Africals new nations are well informed
of the drive to eradlicate malaria from the rest of the world and .
African resentment has been openly expressed in the World Health
‘Assembly with the idea that malaria eradication in Africa can wait
‘until other continents and other races had becn freed.’

- It is important in Africa, because of the intensity and univer-
.sality of malaria transmission and the extensive movement of peoples
within countries and across national frontiers, that anti-malaris .
activities be carefully planned and that each national plan be coordi-
nated with those of neighborlng states.

Inevitably this means that bilateral malarla programs in which
ICA may be participating:will depend for thelr ultimale success on
work done in neighboring states. ICA must work most closely with
WHO in planning and developing eradication projects in Africa, and
these should be grouped where possible as an area or regional
progra.m. "\

The Panel believes that the pressnt modus Operandi, with the
ICA and WHO approaching govornments individually to developﬂnational
projects does not moet the African- situation ndequately. The Panel’
recommends that ICA study the malaria problem’ of tropical Africa as
& vwhole and cooperate intimately with the WHO in the development of a
regional program.
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Malaria Eradication, more than any other activity, can set the
pattern for intermational cooperation of the African mations in the
solution of common problems.

Malaria eradication is the key to the solution of Africats major
problems in education, agriculturs, industry and transportation, and
of its other diseases, and poverty. While malaria is important in
many other regions of the world, in Africa the solution of this
problem is fundamental to all progress.

The Panel recommends that the U. 5. take the initlative possibly

‘ by creating an African mzlaria fund and seek the participation of

other nations in this fund.
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XII.

SOCIAL IMPLICATIONS OF MALARIA ERADICATION

Soclo~Economlic Lffects.

The Panel appreciates the purely economic benefits of malaria
eradication but believes that the intrinsic value of human 1life and
health is paramount. :

Some older members of the Panel who observed man's degradation
by malaria and his ineffectual struggle against it in the pre-DDT.
era have revisited,in recent years, such formerly malarious areas
as the southeastern states of the U.S.A., Sardinia, South Italy,
India, Taiwan and Thailand. They have been impressed by the obvious
beneficial transformation of the life of the people.: It seems
apparent that liberation from malaria 1s the prime reason for this
change. Malaria eradication, however, is rarely given full credit
for the benefits it brings; rather, the latter tend to be attributed
to the increased population which crouwds into. the area to take up
agricultural lands previously unattractive, to the introduction of
industry, to the improvement of schools and of roads, and te many
other previously impossible developments.

Sometimes onie is so close to events of great social, cultural,

‘and economic impact-that perspective is lost; in the case of malaria

eradication, no one can visuallze its total effect on the future of
mankind, especially in the tropics.

India has been sometimes thought of-as an exhausted country
with hundreds of millions eldng out a miserable existence through
marginal agriculture. In fact, India is a rich country with a poor
population. Malaria, more than anything else, has contributed to
this disparity. -

The followling quotations are pertinent:

"The most important tropical disease in India is malaria. After
allowance is made for the tendency to attribute to fever, deaths from
other causes, malaria stands out as universally prevalent in India,
and in many tracts it is a greater scourge than either plague or
cholera. It malms as well as it kills; and causes more sickness,
misery and death than any other single disease." (Resolution of the
Government of India, Department of Education, 1914).

YWhether from the point of view of enhanced mertality, sickness
and individual suffering, or from the effect of preventing natural
increase and sapping the vitality of populations, or the paralysing
effect on industry and expleitation of the mineral or other natural
wealth of the country, or in the direct loss to Government in a
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variety of ways,—malarla is un¢versaily recognized as the most
important sanitary problem with which India has to cope.t
(Christophers, 1926) :

"The problem of existence in very many parts of India is the
problem of malaria. There is no aspect of 1life in this country
which 1ls not affected, either directly or indirectly, by this
disease. It constitutes one of the most important caases of
economic misfortune, engendering poverty, diminishing-the quantity -
and the guality of the food supply, lowering the physical and
intelldctual standards of the nation, and hampering increased
_prosperity and economic progress in every way." (Sinton, 1936)

Those who have visited India recently realize that this is
becoming in large part a story of the past, in sharp contrast to
‘the present. With the enormous progress in malaria eradication, .
a new era is opening, '

Money spent on eradication is not only an investment in social
progress, but has proved to be a’sound investment in economic -
"development. Since data on this latter subject are fragmentary, the
Panel suggests that it would be advantageous for ICA to solicit the
ald of economists to study the effect of eradication on the general
economy of the areas concerned, including the effect on agriculture,
power development, industry and tourlsm, as well as the effect on
education.

" Malaria and Population Growth

Malaria, especially in hyperendsmic areas, whether in the
tropics or in the temperate zone, is notorious for its effect on
population growth; this effect occurs not only through excessive
mortality but also because of reduction in fecundity. ' The fertile
Terai of India reslsted repeated attempts at colonlzation because
of the failure of settlers to maintain a stable population: the
deaths in French Guiana consistently exceeded the births year after
year previous to the introduction of resldual spray insecticide;
within three years following its 1ntroduct10n the number of births
was double the number of deaths.

> Malaria prevention not only reduces human suffering from
malaria but diminishes the number of untimely deaths and permits
the establishment of normal positive birth/death ratios. Thus the
prevention of malaria, as the prevention of other commnicable
diseases, tends to be followed, other circumstances aside, by an
accelerated growth in population. But in those areas where malaria
is hyperendemic, conditions are radically changed when malaria is
prevented. A population free of malaria has possibilities of pro-
- ductive labor and of effective education and training undreamed of
.in hyperendemic areas.
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The predicted effects of uncontrolled population expansion upon
subsistence resources, national economies, and even on world peace,
have been viewed with portantoua alarm by those who lack faith in
the operation of normal bioldgical balances in the case of the human
race. FOr the record it should be stated that;, on the basis of
economic and social conditlons exdsting in the Unitecd States thirty-
five years ago, 1t was confidently predicted that the population of
‘this country would grow much more slowly than has been the case
during the past twenty years; that it would reach an equilibrium,
forced by natural limitations of agricultural and other resources,
when the population became one hundred seventy-five to one hundred
eighty million souls. This level has been reached together with .
excess production of feodstuffs and with no immediate cause for
alarm generally recognized. -

The situations in different parts of the world vary widely;
gome areas will be ready and able to use the additional productive
capacity and increased numbers of population as “hey are freed from
malaria; other areas, as they are freed, may find great &ifficulty
in doing so. In the latter condition, it has been argued that the
normal biological contrel in the human race, based on a balance
between natural resources, number of population and living standards
acceptable to the population, will opsrate too slowly to avold
disaster. Many insist that a significant effort should be made o
bring about and maintain a compensatory balance between natality
and mortality through education of the public on the advantages to
be gained from limiting the size of family in accord with its
economic sltuation.

Unfortunately, malaria eradication has become the symbol of
the cumulative effect of all preventive medicine and publie¢ health
practice on population growth and is being made the scapegoat by
"those who see nothing but disaster ahead of tha human racs from
actual and predicted population Mexplosionst; some would go so far
as to circumvent catastrophe by cutting off or reducing support of
the malaria eradication campaign. Logically those who advocate
- using disease to prevent over-population must support the abate-
ment or abolition of all control of malaria, yellow fever and other
insect~borne diseases and of other established health practices
including 1) vaccination against smallpox, tetanus, pdliomyelitis,
influenza, typhoid and diphtheria; 2) water purification, sanitary
sewage -disposal and food sanitation, which have played historic
reles in reducing morbidity and mortality from cholera, typhoid
fever, dysentery, and infant diarrhoeoe- 3) health centers, visiting
nurses services and dispensaries; and finally- %) all hospitals and
curative medical services. Obviously the manufacture.of all anti-
biotics and vaccines should be prohibited. Doubtless were these
measures to be taken, the world population could be kept within
bounds to suit the most apprehensive.
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Actually, any deliberate setion to withhold means for the

" control or .eradication of malaria or any other disease; is morally -
" unjustirizbie and wWould Lead inevitably %o charges of genoeide
through withholding the means for preserving life from certaln
population groups when more favored groups already havs the benefit
of such mesns.

Eventually, of courss, mankind faces two eltermatives: low

. and sordid living conditions, wilth hunger, and high infant mortaiity .~ ,

~ or regulation of populatiocn grcwth by direct or indirect methods.
It is to"be hoped that, as man becomes free.of malaria and other
handicapping diseases; his recognition of the possibilities of modern
life will create a desire and s demsnd for a living standard possible

only if families are kept ‘at a size adapted to the economic conditions ‘

of his environment.

4l
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AWFEX I

COUNTRIES WITH XCA MALARIA ERADICATION SROSHCTS

FY 190

FAR EAST

Cambodia
Indonesia
Laos
Philippines
Taiwan
Thailand
Vietnam

NEAR EAST AND SOUTH ASIA

Ceylon
India
Iran
Jordan
Nepal

AFRICA

- Ethiopia
Liberia
Libya

LATIN AMERICA

Bolivia
" Brazil
Colombia
Eecuador
Guatemala
Honduras
Jamaica
Nicaragua
Paraguay
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ANNEYX IX

Examples of Malaris Eradication. -

¥hile malaria eradication means the ultimate elimination of the para-
site of malaria from the world, this ultimate objective must be reached by
- stages. .In planning the program of malaria eradication, it is justifiable
to speak of local, insular, provincial, national, regional and global eradi-
cation as parts of a continuing development. It is obvious that all "Yeradi-
cated" areas untll the uvltimate.is reached, are threatened by reinfection .
and each eradicated area must be protected by continuing expansion of
Meradication!, first from contiguous areas from which reinfection could
most easily come, and eventually from the last existing focus in the world.

The examples presented have been chosen for their historical interest
or because of specific lessons to be learned.

Sardinia (Insular Eradication)

The first cycle of island-wide spraying of human habitations with DDT

* was carried out from November 1946 to June 1947. Since the program in
Sardinia was planned for the eradication of Anopheles labranchiac, larvididing
.was also practiced in later years. Reduction in reported malaria was dra-
matic. - -

Cases of Malaria Reported by Provineial Medical Officers in Sardinia from

1946 to 1950 - .
1 Before DDT ‘After DDT
1946 1947 1948 - 1949 1950 |
New Cases 10,149 2,968 341 6 L
Total Cases | - 75,447 4 39,303 15,121 1,314 L
" . -

There is no evidence of malarias transmission in Sardinia since 1950
although. a few imported cases have been seen and a few infections cone-
tracted through blood transfusions. An observer reports in 1958:°

“The disappearance of malaria has brought about great changes in
Sardinia. The general health of the people has noticeably improved and
the output of work has increased. Iarge-scale land transférmation pro- )
jects are in progress in the country, and regions formerly uninhabited, or
uncultivated, are now built up with houses and, in some cases, villages-
have appeared, as for example, in the Nurra, the lower Tirso Valley, Guista
(south of Oristano), Uras, Castiadas, Orosei, Ozieri, etc.,; frequently
one feels one is in the Agro Pontino.™
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Ttaly (Provincial and National Eradication}

The following quotations are from'a recent publicaticn, YA Great
Social Achlevement: The Eradication of Malarda in Ttaly.®#

WFrom the results of two antianopheline campalgns conducted in
Ttaly in 1945 (one by Missiroli and co-workers-in the "Paludi Pontine®,
and the other by Soper and co-workers in the %Agro Romano®) 4% ecould
be concluded that in the Mediterrancan ares, in which malaris is due
in great part to anophelines of the A. maculipennis group, adultieide
measures were sufficient Ao interrupt the transmission of malaria what-
goever wers the housing conditions.

"Following Missireli®s five-year antimalarial plan for Italy pro- -
‘posed- in "January 19)6,- operations for the eradication of malaria in the
Province of latina were Initiated in Hareh of the same year, in order to
ocbtain new practical eriteria for the future organization of the anti-

- malarial campaign in the whole of Italy « « . &

MAntd~adult operations with DDT wéfe cdarried out annually from
1946 to 1953¢: the imternal walls of all human dwellings and animsl
cquarters in the malarious zone of the Province were sprayed. A vigorous
surveillance on residual anophellism was maintained thence « « o

%Anti-adult measures with DDT have brought about eradication of #
malaria (P falciparum in the third yesr and P. vivax in the fourth year
of thé campaign).

MAs regards the malaria vectors, through treatment. with DDT
ke sacharovi has disappeared from the Frovince after 2 years and
A. labranchiae after L years of the campaign.

) "The rapidity of the disappearance of malaria in the Province of
_ Latina was indeed heartening and gave strong support for the proposal
‘for natlongl eradicatjon in all Italy.

Iliness and Deat@s Attributed to Malarla in the Provincs of latina

Y1920 1945%% | 1oL | 1947 |} 1948 1949
ew cases 35,969 | 2,382 96 é 0 0
Total cases 54,929 Li,2 30,929 6;:456 19327 i
eaths 120 160 19 0

#  Reports for 1944 cover only the second half of the year following
- the withdrawal of the German Army.

¢ In L1945 control measures using Parls green as & larviclde.

#4¢ In 1946, the first year application DDT.

# F. Mosna.
Rivista di Parassitologia Vol XX #4, Deec. 1959, PP 335-6

- 106 -



For the ten years, 1950 throigh 1959, no cases of malaria nor
deaths from malaria were reported from-th’e previcusly heavily malarioue
province.

"In the other provinces of Italy in which there wers zones considered
malarious (with exception of Sardinia, where it was trled to achieve eradi-
cation of anophelines), the anti-adult measures with PDT, started nearly
all in spring 1947, follcwing the procedures used at Latima, have practi=
cally led-to disappearance of malarla after 5 years. After so many
centurles of the ravages of malaria, already in 1948, 1l.s., only two years
after the atart of the DDT anti-adull campaipn, no case of death dus to
malarig was reported inm Italy." . . . . |

¥hile the resuits for Italy as a whole have not been as absolute as
those from Latina, they give dramatic proof of the rapidity with which
malarie infection disappears once transmission stops. In 1946, 374,163
cagses of malaria with 280 deaths were reported in Italy. No deaths'have
been reported since 1949, and less than 100 cases in ary year after 1952.
Until sources of relinfectlion have been eliminaied, Italy may continue to
have occagionzl localized epidemics, as in a rural center in Sicily,
1956, when some 7B new cases were observed. Italy has no recognized
malaria problem continuing year after year.

Taiwvan (Insular Eradication - Terminal Stage)

The experience in malaria conkrol and eradication in Taiwan is most
Ingtructive. A study of this experience indicates that careful current
epildemiological evaluation with continulng adaptation of operations to
needs, may, under favorable conditions, lead %o eradication of malaria
at a lower cost than estimated on the basiz of the standard eradicatlon
procedures

Taiwan has been recognized as a highly malarious area ever since the
Japaness invasion of 1896 when 6000 troops suffered 16,000 infections in
a single year. The Japanese progrom of quinine distribution and obliga=~
tory treatment of cases brolce down during World War IXY and malaria became
rampant throughout the Island. The Rockefeller Foundation collaborated
with the government in 1946 in creating a Malaria Institute for the
trainlng of malaria speclalists and for studying malaria and its vectors.
in 1951, when estimated cases of mzlaria reached 1,200,000, with 11,000
deaths, the health authoritles began plans with the collaboration of ICA
and of WHO; for an island-wide malsrias control program.

The control program began officially in May 1952, with operations
that year limlted to studles and to preliminary testing of methodss in
1953 house spraying was carried oub in the most malarious parts of the
Island; in 1954 control was extended to a much larger area of median
malardia intensity; in 1955 spraying also covered the small population
living in the foothills and mountains.

-
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Late in 1955, animated by the declaration of the World Health
Assembly for ' malaria eradication and spurred on by the obvious results

of the work already done in Taiwan, the authorities decided to transform

.the control service to one for the total eradication of malaria. In

“economical surveillance was established fbr the rest of Tailwan's popula- .

1956, the rest of the island was sprayed except for purely urban areas,
the only permanently malaria-free parts of Taiwan.

In the readily accessible heavily populated areas, spraying with
DDT resulted in the disappearance of malaria transmission and of most
of the cases within a two year period, and in many areas in the almost
total disappearance of the principal vector, Ancpheles minimug. The
malaria situation was such in 1956 that spraying was cut back in 1957
to the heavily malarious area covered in the first yearts sprajing (1953)

A survey made in 1957 indicated that most of the. Island of Taiwan
was free of malaria transmission; that there were some eight resldual
focl of transmission which could be differentiated as (1) four foci vhere

"house spraying had never been carried out and {2) another four foci whers

low-grade transmission occurred in spité of previous spraying.

In 1958, house spraying was limited to the pépulation of thess eight
residual focl and that of surrounding and conbtiguous areas. Active sur-

veillance on an intensive scale was established for this population with

drug treatment for all infected persons found. A less rigorous and more

tlon. -,

The table (p. 109) shows how far the Taiwan program has varied from
the standard Yplanning and costing® eradication progiam of one year of
preparation, four years of complete house spraying followed by three
years of complete uniform survelllance to determine that eradication has
oceurred. The table also shows that the cost of ‘undertaking eradication,
a decision taken late in 1955, had largely been undertritten by the
previously organized control campaign, the peak year of expenditures
baving been 1954%f The total per capita cost of eradication projected to
the end of 1961 is $0.82 Y. S. A. of which $0.57 had been spent by the

end of 1955,

In considering the Taiwan program attention shouid be givan ic
certein'deviations from the standard WHO eradication program of one
year of preparation, four yesrs of spraying and three of surveillance.
Not all of the malarious areas in Talwan were sprayed the same lLength of
time.

In 1957 only the heavily malarious area where sSpraying began in 1953
was sprayed with 1,500,000 population; in 1958 this was reduced to
300,000 living in potentially infective areas, in 1959 to 260,000 and in
1960 to 100,000. The amount of spraying done in Taiwan added up to_sbout

. thregkyears spraving for the population living in the malarious area.
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‘e 5t &F *
.Develoﬁment by Years of Malaria Comtrol and
Eradication Program in Taiwan
1952 to i%él
Estimated Population (in Thousards)
3
1952 1953 195. 1955 1956 1957 1958 1959 1960 (Bstizate)
Total. for Tajwan 8000 8250 85C0 8750 000 G270 9630 18000 10600 11600
In malarious areas 6750 69586 7200 7560 7710 BCCO 8280 3550 8830 9140
ittack vhase 156 150G 55C0 5650 5728 1L70 210 260 100 0
Consolidation phase - ) . Q 1300 2720 2530 2500 17C0
, Maintenance phase - . ) c82 5230 5250 5870 5230 7440
i~
Q Costs US §
' inmual expenditure 186,680 773,770 1,889,400 1,246,270 913,070 238,315 140,759 270,879 259,041 169,670
Par capita - for " )
population at risk .03 W11 .26 17 I .03 .02 .03 .03 .02

The per capita costs include in the year of expenditures the costs of 'tooling us? which are not amortized
urder the life expectancy of the equipment. Costs of squipment are likewise included in the year of purchase.
in an eredication program in which every step.of the program is for the permanent protsction of the totel popu-
lation at risk, 21l costs should be charged against the wotal population to be permsrently protected without
consideration of the percentage of the population te which e given measure is being applied in a given year.
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It should be noted that the spraying in Taiwan mgonsisted of a single
annual application of DDT at the rate of 2 gm//

It should be noted also that there has not been blind obedience
t6 the formmla for the application of surveillance on the same scale
throughout all of the previously malarious areas. - Surveillance has
been very intensive in residual focli of infection and in potentially
malarious areas with considerable insistence on mass blood parasiie
surveys, but this intensive study has been concentrated in only a few
hundred thousand of the population previously at risk.

To swmarize,one can say that the use of Bpidemiological information
at all stages of the Taiwan program to orient both spraying and surveil~
lance activities has speeded up the program of eradication and greatly
reduced the overall, costz. (There can be litile doubt that Taiwan is
on the verge of eradication, only 167 persons having been identified as
carriers of plasmodia during 1959 when.some 775,000 blood slides were
-examined in an intensive search for malaria parasites.)

- Yeneozuela

In any history of malaria eradication in the Westerm Hemd sphere
cvonsiderable attention must be paid to the development of the program for
. the eradication of malaria in Venezuela. Not only is Venezuela the meetw
ing place for various species of malaria vectors having quite different - |
breeding and feeding habits, but it also-lies entirely within the tropics
and 1s the first tropical country in which a naticn-wide program for the
sradication of malaria was planned. . .

¥fhe nation-wide campalgn against malaria in this country, begun in
1945, was based on DDT indoor residual spraying and has as its aim fthe
eradication of malaria from Venezuela® by 'protecting all the houses of
. the malaria zone, even those of sparsely populated or mild districts?
» » « The initigl plan contemplated having the whole country malaria fre
by 1655, after spraying 100% of the houses of the infected zone.! ‘

. 'The Venezuelan experience has been most important; especially because
of some of the difficulties encountersd. A point of major importance
which should be taken to heart by workers in other countries is the
Venezuelan experience indicating that the smallest political divisions, )
the minlielpios; or ecounties, are the most appropriste units for the study
- of progress towards:eradication.



A single indigenous case found in amy county was sufficlent to keep
that county in the infectéd area. Measuring the results of operations
by countiss called attention to the particular counties in which there
were problems to be resolved, whether these problems.were administrative
or epidemiological. By 1951 there was an already considerable area which
during three years had mot been known to have any Indigenous cases. The
annual increase of the malaria Teradicated® area of Venezuela is shown
in the following table. .

YEradicated® Percentage
Year Area (sq. lms.) _ of increase
1951 131,954 0
1952 - ‘ 156,938 - 18.9
1953 , 199,740 27.3
195k ‘ 248,701 _ 2405 -
1955 ' 305,414 - C 22.8
1956 | 361,045 18.2
1957 ' 372,601, 3.2
1958 400,411, 7.5

In 1959 the territory still infected in Veneézuela %is formed by 59
municipios with an arsa of 155,874 square kilometers and a population of
520,000 inhabitants.? Not all of these inhabltants live in localities
where malaria transmission still occurs. A study of the number and
distribution of cases occurring in 1958 has led to the following state-
ment3 MThese figures indicate that malaria is reaching the vanishing
point in Venezuela and that if the work with drugs (pyrimethamine and
primaquine) is- finally successful Venezuela may still be the first
continental country in the tropical =zone to becoms entirely free of
ma.lar:.a.."

Venezuela and British Guiana which began eradication in the same
year both registered rapid and easy conguest of malaria in those areas
where malaria transmission was very heavy and where the vector Ancpheles
darlinegi was so highly domestic that it disappeared rapidly from the
areas in which all of the hwman habitations were sprayed with DDT.
Venezuela has long been free of malaria in all those arsas in which
Anopheles darlinei was the principal vector but still has difficuliies
in the areas infected with Anopheles acuasalis and Anopheles nmiiez-tovari,
vectors whose behavior is quite differsnt from that of the more efficient

Anopheles darlingi..

Added .to its other difficulties Venezueia has suffered rather con-
stantly from the Introduction of malaria inféction from nelghboring
countries, particularly across land frontiers.
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ANNEX IIT

TABLE X

MALARTOUS COUNTRIES AND TERRITORIES* GROUPED ACCORDING TO
THEIR FRESENT POSTTION REGARDING ERADICATION -~ As of January 1960

(Data from WHO and other sources)

1. Eradlcatlon completed (18 countries or territories embracing a popula-
tion of 108 million living in once-malarious

areas.)
Barbados - Lithuania (USSR)
Byelo~Russia (USSR) _ Moldavia (USSR)
Chile Martinique
Corsica (French) Netherlands
Cyprus . Puarto Rice
Gaza Strip ' Singapore
Hungary (understood to be eradicated) Tobago
Ttaly _ Ukraine (USSR)
Latvia (USSR) United States

2. Eradication program im operation (66 countries, 893,501,000 exposed to
malaria befors initiation of program.)

Afghanistan )

Albania Guatemala Philippines
Algeria Honduras Portugal.
Argentina © India Portugese India
Bolivia ) Indonesia Homania

Brazil Iran Ryulcu Jslands
British Guianps Iraq Saravall

British Honduras Israel Spain

Bulgaria damaica S5t. Lucia ¢
Burma Jordan Surinam

Cambodia Laos . Swaziland

Ceylon Ia Reunion ~ Thailand

China (Taiwan) Lebanon Trinidad

Colombia Libya Turkey

Costa Rica Malagasay {Rep. of) UAR ~ Bgypt
Dominica Mauritius UAR ~ Syria
Dominican Republic Mexico Union of South Africa
Eeuador Nepal USSh

El Salvador Nicaragua . Venezuela "

French Guiana Panama Vietnam (Rep. of)

¥# Political entities are given as listed by the 1959 UN Demographic
Yearbook.
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Greece Panama Canal .Zone Yugosiavia
Grenada Paraguay Zanzibar and
Guadeloupe Peru Penmba

*3, Preparing for malaria eradication

A. Plan of operation ~ program suspended

"Haiti (3 million exposed to malaria)
Ba Pre—eradication'survey (5 comntries, 85 million exposed to malaria)

Bechuanaland Pakistan " Somaliland (UK)
Korea (Rep. of) Saudi Arabila .

C. Pilot project (U countries, 59 million exposed to malaria)

Camercons, State ®f Nigeria . Sudan

Dahomey, Republic . North Borneo Togo

Ethiopia and Erltrea Senegal Uganda

Liberia: Somalia Voltaic Republic
Netherlands New Guinea -  South Rhodesia )

D.. Negotiatibns,underway for a malaria eradication program
(12 countries, 62 million exposed to malaria)

Angols Ghana szanbique

" Belgian Congo Guinea ) Ruanda~Urundi
Central ‘African Rep. Malaya <Sierra Leone '
Cuba . Morocco ‘Tunisia

4. No malaria eradlcation programfyét contemplated (37 countries,*hB riill fon
exposed to malaria)

Aden Protectorate Ivory Toast ’ Nyasaland

Australia (Rep. .of) Papua & New Guinea

Bahrein Japan . Portuguese Guinea
" Bhutan Kenya ' Quatar

Brunei Macao Sao Tome & Princips
. Cameroons (Br.) Maldive Islands Solomon Islands

Capae Verde Islands * Mauretania South West Africa

Chad (Rep. of) (Rep. of) *Spanish Guinea

Comoro ' Muscat and Oman Spanish N. Africa

Congo (Rep. of) New Hebrides Sudan {Rep. of) .

Gabon (Rep. of) Niger (Rep. of) - Tanganyike

Gambia (Rep. of) North Rhodesia Timor

Hong Kong - Trucial Oman

‘ Yemen.

- Data are unavailable on malaria status or planning in Mainland Chlna, N. Korea

znd N. Vietnam.
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Table IT
SUARY OF STATUS OF KALARTA ERADICATION
BY RTGIONS AND POPULATIONS ( THOUSAZDS) AS OF DECENBER 31, 1539
{Data supplied hy 'HO)
Malaria With eradication program ’
. never in- Fopulation g No eredication
. Total digenous of Milaria Consol- Attzck Prep- Total Pre- Filo% progrem
Region bopU— ar dis- original eradi~ idation phase arators eradication orojects under
. 18%onT | appaared malarious cated phase thase surveys way
‘ '.e:l‘.thout, areas ]
specific ¢
anti-
malarial
reasures
-~ ”
AFRO 154,949 13,722 141,227 T 1,7 1,848 1,351 - 3,159 €80, 3,025 122,549
A¥RO | 395,604 252,150 143,004 53,251 2,156 53,657 27,822 | B2,635 6,528 - -
3 ,
SEARC | 558,856 45,063 513,353 - 21,554 414,659 86,8%: | 313,127 - - 26
EURQ 671,067 398,181 272,886 213,845 27,077 16,729 7,735 53,541 - - 7,500
EXRO 198, 550 28,886 169,654 1,081 8,521 12,274 1,636 22,731 | 120,476 928 24,538
WPRO 864,391 142,372% 57,519% 9,507 4,082 6,279 12;732 23,093 6,000 h 18,505
TOTAL 2,843,387 880,831 1,298,053 279,458 55,338 501,945 137,03% | 697,326 133,684 5,367 183,218
PERCENT 100% 21.5% 433 39.0% 10.5% 10,32 L3 14.03%

*# Information not available for Mainland Chinz, North Korea, and North Vietnam,

. 3
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Table ITT

STATUS OF MALARTA ERADXCATION Baccrays 2/
IN COUXTRIES WITH ICA BILATERAL, PROJECTS

T

- 9TT -

Yoar Fhase Initiated ; Population (thousands)
o
] 5 Eradication Frogrem in Operation &
- 50
Areas and B _,""c: :é ] 5-' K] 3‘5, :
Countyies e 3 3 2034 1 - %agbd
g - g F;:‘ -?I g = g g ﬁ =1 k- F‘-q E -+ [=] 5
h (=] o 2 Ig,-lﬂ 0l @ [+ B -] g 9 Y] 43 mEFa'f-r
£, o €1 § oo o T3t W o w5 J < @4 £k = - o0
18 |3 3dg | E:EE 5ES1 33 R 5 |fB3%
Ih '.-é 8 8 E?l".-‘.é = Q of QT A, - A, oo o, g g.ﬁ.ﬁﬂ.
FAR, EAST '
Cambodia 575 &0S 4,00 1,000 o 0 1,000 0 v T 0 0
TIndonesia 595 &os &is 86,500 75,C00% 0 0 2,663 72,337 75,000 0
Laos 573 - 565 &lS 2,000 2,000 0 0 951 1,049 2,000 0
Philippines 525 1 A 23,122 8,000 o} 2,82, 5,020 0 7,844 156
Taiwan 52 53 58 10,030 6,750 5,232 1,258 280 0 1,518 0
Thailand Slls 583 . 21:‘!71& 21)4711' o 7, aw 7,01:0 6 E] gﬂl ?-lsll?h 0
Vietnam .598  é3s 13,H00 131,483 o 0 11,683 11,683 0
TOTAL 161,726 125,907 5,232 11,682 16,89% © 91,943 119,519 156
MEAR EAST AND
SOUTH ASIA
Ceylon 5T 58 59 9,386 6,131 o 2,535 3,595 o 6,131 o
India 585 605 | 397,510 360,000 . o] 1,500 388,500 0 390,000 0
Iran 568 575 595 20,500 13,000 o 4,170 6,894 1,931 13,000 0
_ Jordan 595 635 1,527 .. Toepge o 5501 430 0 980" 0
Nepal, . 595 603 655 8,910 b2 0 0 0 b£,1T1 4,171 0
) TOTAL 1 437,883 313,282 o 8,755 399,420 6,107 IaL,282 0
AFRICA ) i
Ethiopia | 578 585 625 20,000 8,Cc00% 0 o 250 0 250 7,750
Liberia 05 &is 633 1,250 1,250 0 0 350 0 350 900
Libya 58 59 63 1,250 30 0 0 30 o _ 30 0
TOTAL 22,500 - 9,260 - 9 o 630 0 630 | 8,650
NOTE: Sce footmotes on next*page. -
1 “' tf
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‘Table IIT {Cont.)
STATUS OF MALARTA ERADICATION PROCRAVS
IN COUNTRIES WITH ICA BILATERAL PROJECTS
Tear Phase Initiated Population (thousands)

o
b . Eradication Program in Operation Y b
Aveas and _§ 3 - BB
. =] -~ [~ 2 ~] [ R}
Countries ! b= & o Lo wom

i & 3 & EX: 53 E 7 g L "g' 80 8

n [+] [=] Fh) o R B o~ T ?}I [ % ] g Py o . .a G o= E 5

& 3 2 5 - g 894 gg s 33 bae S8o8

|1 -+ Q a g [t g o O L = p I = 5 £ -9-: E” g

=Y =t =] (=] 8 é émm [0~ = = ‘a, Ta. o 'd. 3 éxna
AMERICAS - 54 58 63 99,403 |, 55,207 3,171 185 25,110 27,74 52,036 0
Bolivia 56 58 63 3,350 gss 0 0 gee 0 gss 0
Brazil 585 603 L . 64,007 33,035 3,171 0 4,923 25,941 Y/ 29,864 0
Colombia 58 598 £3s 13,823 9,787 0 0 9,787 0 9,787 0
Ecuzdor 5% 585 628 L,007 2,346 0 0 2,346 0 2,346 ]
Cuatemala 57 585 425 3,618 1,544 0 0 1,504 0 1,544 0
Faiti &/ 57 60 - 6k 3,808 2,800 0 0 o 2,800 &/ 2,80 0
Eonduras 56 59 6l 1,882 1,347 0 0 1,347 0 1,347 0
Jamaica 57 58 62 1,689 1,348 0 185 1,163 0 1,348 0
Nicaragua 57 595 638 1,481 1,207 0 0 1,307 0 1,307 0
Paraguay 56 59 63 1,872 805 0 .0 BOS 0 805 0

E)
GRAND TOTAL 721,492 01,676 8,403 20,622 441,055 125,751 586,467 | 8,806

* o RREE

Data taken principally from WHO Al3/P&B/15, April, 1960 (Draft copy).
Ineludes populations in States where, under staged program, operations have not yst begun.

Attack phase interrupted 1958, planned to resume in 1960.
Plans prepared and approved, but operations not yet begun.
Maleria eradication being developed in progressive stages.
Provisional estimata. '

Date represents beglnning date for this pnase.






