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Recormendatinns

rrom available evidence, hilharzia appears tn he wldespread in Swazi-
land with about 30y or rrore of the population infected. Furthermore, the
wjor water resource schemes all are currently serving as snail habitats and
huzan expozures can be obtained at varfous times. There are several schemes
tuch an fish ponds. newly established rice cultivation arcas and others which

have the potential for serving as snail habitats.

Although recemmendations have been made, a much broader set which the
advisory team considers will aid in the development of rational approaches to
permlt progress towards the development of a Safe Rural Water Supply' with
vajor cmphasis on the control of bilharzia and other water related diseases

is presented.

1) FKuecommend the support of a program costing 2.3 million dollars over
a five year period with implementation of a "Safe Rural Water Supply” to in-
clude arong others control programs for bilharzia and other water-related di-

gcases for the Kingdom of Swaziland.

2) Consistent with the implementation of a "Safe Rural Water Supply"
Program, the Government of Swaziland should establish a national committee
to plan, coordinate and direct the Rural Water Supply Program which includes
control activities against Bilharzia and water-related diseases. The estab-
lishment of this committee would eliminate the costly duplication of efforts
occurring among the ministries and which have led and will continue to contri-

bute to the Increased incidence of Bilharzia and other water-related diseases.

3) There should be closer cooperation between the Government of Swazi-
land and the business community, i.e., Sugar Estate owners and others, in im-
Plementing and carrying out control of programs against Bilharzia/Malaria and
other water-related df-eases. This cooperation should include exchange of
information concerni.,y plans for Siniil Control, drugs used in treatment of in-

fection and etc.
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11)

Crosaing points at rivers and streams used by workess at various

gugar eatatas [n Swaziland wdouvld be bridged.

12)

wurveys for incideace of bllharzia infection should be conducted among older

age groups anl that fecal, as well ag urine,exanminations,should be included

It fu strongly sugqesnted that in addition to the school children,

in the Nattonal Survey.

13)

New {nvestoeats by both Swazlland and the donors should support:

a)

b)

c)

d)

the development ¢f village-based health services
delivery infrastrusture with emphasis on environ-

cental health;

investments within the context of the village-based

health systems, in particular emphaslzing:

® gafe water supply

¢ nutrition

® cuvironmental sanltation

® health eduzation;
the policy, plancing, nanagerent and training
inftiatives essential to create village-based
systens,

the speclfic bilharzia disease control measures.
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1)

2)

J)

4)

5)

6)

7)

8)

9)

10)

11)

12)
13)

AMvise on the present and/or new ovganization of the bilharzlia/
nalaria unit of the Public Health Laboratory at Manzinti.

Advise on the plang for renovation and/or addition of & new wing
to the oxinting ladoratory structure.

If posuible, carry out surveys of selected areas for presence or
abuence of schistosoemiasis and other water related diseases and
their vectors.

Discusa and identify the biolegical life forms which may be used
{n astudying ay possionle predator or competitors for biological
control procedures.

Evaluate the methods currently used for control of schistosomia-
6ls vectors.

Identify social, religious, political and cultural constraints
which may interfere with the development of a safe rural water
supply.

Evaluate parasitological techniques and procedures used by the
bilharzia unit at the Public Health Laboratory at Manzini.
Define problems (present and future) of schistosomiasis in rice
and fish cultivation arcas.

Hold conferences with government officials and representatives
from private industries to discuss the schistosomiasis problem
and needs for a rural water supply.

Discuss the feasibility (of or of not installing syphon spill-
ways in existing dams and its incorporation into the construc-
tion of all new dams.

Discuss with appropriate government officials the plans as put
forth in the Jobin/Jones report for establishment of a National
Bilharzia Control Organization.

Observe the Natimnal Health Education Program for Swaziland.
Identify other donors who are planning te or are willing to part-
icipate in a multi-sectoral, inter-ministerial approach to the
establishment of a safe rural water supply with emphasis on con-
trol of schistosomiasis and other water related diseases.

Identify bodies of water as current or potential vector habitats.
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X)_‘n.gonst;aglon nlco‘Cultlvition rarn
J)‘ fouthern Rural Dovelofment Arex (SRDA)
X) Mxwade Kural Moealth Clinlc

I} School Health Team (Man=lni Dlastrict)

M) Conference to Dlscusy Primary Information Document (PID) developed by
the Advisory Tean.

To prepare this report, the advisory team has taken into consideration
data froa a nunber of documents such as the Jobin/Jones report, the Duncan/
Fenwlick Consultency report concerning bilharzia control at CDC/SIS, medical
records and statistics of the Ministry of Health (MOH), results of surveys
of human and of the presence of snails by the MOH, annual report by the Min-
futry of Agricul ture (1M1OA), organization plans by the Water and Sewage
board (WsH), records from the Big Bend Clinic concerning snail surveys and
rolluscicides regimes used by the Bayer and Shell companies and information

concerning treatment regimes for humans infected with sichistosomiasis.

I) Geographical and Mational Characterlstics

The Kingdom of Swaziland Is a small landlocked country of approximately
€,700 sq. rmiles which is dlvided into four topogravhical regions running from
north to south. These are the Highveld, Middleveld, Lowveld and Lubombo
Plateau (maps 1 & 2). The mean annual rainfall for the Highveld area is 130
cm., for the Middleveld area it is 90 cm., for the Lowveld it is 70 cm. and

60 c@. for the Lubombo Plateau (map 3).

Swaziland is well watered, having four large rivers which run from the
Iowveld area in the east throuph the Lubombo Plateau to the Indian Ocean.
The four rivers are the Komatl, and Mbulzi in the north, the Great Usutu in
the central part of the country and the Ngwavumci in the south: Other nat-

ural water resources which are substantial include springs and streams.

The population of Swaziland was estimated in 1975 to be approximately
510,212 of which B0-85% are rural dwellers. Map 4 shows population density
as of 1966. Europeans comprise 3-4% of the total populations. The popu~















B) Han Made Rodies
1) Canals (Main and Distributary)
2) Remervoirs and/or Dams
J) Gravel Pita
4) Fish Ponda
5) Constructed Drains
6) Oxidation Ponds
7) Field Channels

8) Well:s

The developaent of a national water supply and sewage gystem has rore
or less bypasaed the dwellers of the rural areas (Map 6). Rural dwellers
puffer from i{llnesses caused by a lack of adequate sanitary facilities and
contaninated water supplies. In addition, the distribution of health ser-
vices {5 highly skewed with hospitals, doctors and nurses concentrated in
the urban arcas. In the urban areas water and sewage systems tend to be

well up to international standards.

The settlement patterns of the Swazi rural population make delivery of
protected water supply and provisions of sewage disposal systems rost dif-
ficult. These scrvices including both preventive and curative health care
must be effected un a settlement by settlement basis. The fact that Swazis
do not live in villages but in widely dispersed homesteads, forces such ser-
vices such as health education, that could be provided in a community set-
ting, to be given by outreach and extension programs. The establishment of
the Fural Development Areas within the Ministry of Agriculture appears to
offer excellent opportunities for the Swazi Covernment to provide sanitary
services on an area wide basis for rural dwellers. The lack of establish-
ment of a vigorous sanitation program by the agency which should Le respon-
sible (Ministry of Health) is due to poor coordiration ard interagency in-

teraction between the Ministries of Agriculture, Health and others.

The Government of Swaziland is developing a widespread proyramme for
the provision of potable safe water supplies ‘including toilet, laundry
and shower facilities) throughout the nation. The plan includes requests

for aid from various outside sources for implementation of certain phases



of the wrogram and lnnuring that there will be Interministry cooperation
and {nteraction. The plan also {ncludea control and praventﬁva reasuresy
agalrat wator-related dissazes as well as a national Health Edqcatlon Pro-
gran. 1t la obvious that this plan in highly ambitious but absolutely ne-
tenzary ¢ Cwazlland lu over to provide a healthy environnent for fts peo-
pPle to work and live. It is recoynized here that the same factors respon-
nible for creation of the dual political and economlc system in Swaziland
are alno resjonsible for the mame contradictions within the public health
pector.  However, desplte these problems and contradictions the outlook for
developzent {5 good. The indications are that the old static attitude to-
ward change {x rapidly wanning and the younger generation of Swazl citizens
wvill readily accept these changes which will improve their general health
and well being.

IV) The GOS Rural Water Supply Program

1) Spring Protection - This program is being carried on by a World

Health Organization (WHO) Sanitary Fngineer and a Senior Health
Inspector of the Swaziland Ministry of Health (SMCH). Springs are
located and protected by use of cinder block enclosures with a gal-
vanized tin roof (Photograph 1). Water is piped from the springs to
a collector tank (Photograph 2) and then by pipe frcm the collector
tank to a storage tank or reservoir (Photograph 3). Both of the
latter two structures are also completely enclosed and covered. The
spring area is enclosed by a fence. Collector tanks holding 600
gallons and reservoirs holding 4500 gallons were observed. The dur-
ablility of these units were cstimated.to be 20 years. Water is pi-
ped from the reservoir to homesteads, villages or settlements. The
terminal source of water was usually a centrally located stand-pipe
(Photograph 4). From this point on, villagers must pay for piping
water to their homes. Maintenance 6f the enclosed springs, collec-
tor, reservoir and piping is carried on by the community. A com-
Plete system (includes two springs) described above will supply wa-
ter for 2000 persons. The cost for protecting the spring is approx-
imately R50, while the cost for the entire package including col-
lector, reservoir, piping and stand-pipe 1s approximately R2000.

10
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2) Pit latrines - The cost for digging a plt latrine involves pract-

ically no cost for materlals. No other Information wasy obtained,
}1~yf}l2 = lo informatlon regarding Q1Gqing of wells.was obtained.

The rmajor coats for the above facilities will be labor and transport-
ation. Planas are intended initially to place one team in each district con-
rinting of an artisfan, two laborers and a health assistant. Each team
would ke oxpected to protect approximately 25 springs and dig 250 latrines

and/or wells per annum.

A) _The Rural Develorment (RDA) Program

The Government of Swaziland has decicded to concentrate its rural devel-
ojzent efforts into a better selected large Rural Development Areas (RDA's)
which are located on Swazi Mation Land (Map 7). The program is administered
bv the Minintrv of Agriculture and is a comprehensive plan which follows an
inteqrated approach including dry 1and plannirg, arable land consolidation,
scgfiration of livestock by fencing, fish pond and water resourccs develop-
rent, road building and improvement, soil and water conservation and provi-

sion of extension services for bhoth animal husbandry and crops.

The RDA program at its inception was slow in starting due to planning
and irmplementation problems, but at the tire of the visit to Swaziland by
this team, it was progressing quite well. In tke Morthern RCA, where most
of the effort up to a few months ago has been concentrated, outputs and
Ylelds of a number of crops have improved significantly as well as farmer's
incomes. Available results suggasts that the RDA's have motivated farmers
in other areas; for example, the increase in the nur_=: of .a: tors outside
the RDA's seeking information and advice on growing cotton has been so great

as to exceed the capacity of the extension service staff.

A number of international and bilateral agencies other than WHO are
involved in supporting various activities of the RDA program. There is a
conspicuous lack of provisions for envirommental sanitation, such as water
protection, sewage disposal (toilet facilities) and disease control.

There is also a lack of interministry coordination which would be essential

for implementation of disease control and environmental sanitary programs.

11






1)

cerning the various diseases which could be present or becore csatablizhed

bocauas of ths prenence of new wator resources could ba acquired.

Iv

van helleved that malarla was not present {n the SROA area.  Ref-

eronzes wore rade to tick borne fever In cattle and tickblte fever in humans,

B) Water Pasource Schemeu nt SRCA

All of

1975.
1)
2)
3)

a) Pam PMumping Facility

b) Main Canals (Lined and Unlined)
¢) Cisterns

d) Fish Ponds

¢) Dams

the above nchemes are reclatively new, having been established since

A deacription of these schemes are as follows:

Pam Pumping Facility: The water supply for this system is drawn

from the Tndlomodolomo Piver. The water runs to the pumping facil-
1ty along ditches ard then into lined canals( yuotographs 5 & 6).
Water pumped from this facility is used by persons at SRDA for all
purposies. A scarch for snails in the main (unlined) canal carrying
water to the Ram Pump was conducted. Several dips were made ané no
snalls were found. There was vegetation alcng the margins of the un-

lined canal. The water flowed rather rapidly in these canals.

Main Canals: The main lined canals leading to the Rarm Fumping Faci-
lity and those running from the dam were rapicd flowing. The unlined
canals (open ditches) contained slower flowinrg water. There were ir-
rigation ditches near the dam area which contained vade S tion along
the margins. The water was slow moving. A search was made for

snails. Several dips were made and none were found.

Cisterns: These structures were not examined. They arc used to col-

lect and store raln water.
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4) Iish Fonda: There are 3 fish ponds at the SRDA. Ona of these pondy

3)

vas vislted. It {3 located approximately 1 to 2 miles from the Mpa-
teal Dan., The fiah pond was 7% fr. (length) x 35 ft. (wldth) and
approximately 15 ft. in depth (Photograph 7).,  There was vegetation
along the targing of the pond. The pond wan relatively clean.

There was no cvidence of antrmal or human pollution. MNearby there
vYote numeroun garden plots. The pond had been stocked with fish
tuch as mirror carp. oOther ponds had bass and Tilapia sp. Carp has
bean caught at this pond. A search was conducted for snails. A to-
tal of 15 dips were nade covering the entire circumference of the

pond. Mo znails were found.

Dama: There is one dan at the SRDA. The Mpatemi Dam supplies water
to 20 hectares of 57All farming (46 plots). The dam area is fenced
in to keap cattle out. There is a ninor problem with goats. There
i also a piped water supply for the dam area. The water is avail-
able through a stand-pipe system. This water comes from covered and
protected oprings,

The Mpateni Dam has bass, Tilapia, yellow fish and Barbel,
Ducks and ergots were observed in the dam water. There was sparse
vegetation along the margin of the dam. The water in the dem was
very clean.  There was no evidence of pollution. A search was made
for snalls. A total of 12 dips were made for snails and none were
found (Photographs 8 & 9).

The soil we were told by the SRDA staff is quite acidic in
arecas around the fish pond, Ram Pumping Facility and Dam site.

The SFDA is a relatively new development area. The advisory
tean found no snails there. It should be pointed out that the teams
visit occured durirg the month of May which is the winter season in
Swaziland. It may be “hat snail populations were at their lowest
level, breeding was 1.0t occuring and that the temperature was too
low for the schistosoma larva stages to develop in the snail. It is
however highly probable that schistosomiasis does not exist in the
SRDA area. The area should be thoroughly examined to determine the

Presence or absence of schistosomiasis.



Rocommandationa: &) ag development proceeds Plana for prevention of
the entatlistment of schistosomiania should be included.

b) A health education pProgram should also be developed.

€) Fenclng of all figh Ponds to restrict human and cattle access.

d)  Aunlzulato satelite villages and {nhabitants into SRDA schene,
vhere pliod and treated water ig available for their usage.

€) Survey for snalls ard infected persons (urine and fccal specimens)
should be conducted.,

f) Examinations of persons for presence of malarla should also be
conducted.

§) Establish toilet and laundry facilities for all inhabjtants.

h) Provide fenced in areas for cattles to graze.

C) Rural Water Supply Branch

In 1974, the Rkural Water Supply Branch was formed to become responsible
for rural water schenmes. The scheme includes providing water supplies for
schools, clinics, police buildings and others. fThe RWSB is responsible for
constructlon and raintenance of all existing systems. Honey for maintenance
is allocated by the Ministry of Finance. A sum of 1.3 million Frmalangeni
has keen for use over a 3 year period. A total of 48 new schemes will be
constructed, while 72 existing ones will be upgraded and expanded. RWSB board
has district offices as well as a tlerk of works. There are plans for use of
robile workshops for preventive maintenance of rural water systems. There is
a training program for local cltizens. Courses in water resource systems ma-

hagexent and maintenance are offered at local colleges.

The establishment of a Rural Water Surply Board has been proposed which
would include representatives from the Ministries of Agriculture, Ecucation,
Finance, Health, Geology, Public Works, Local Administrations and Town Coun-
cils, and a Prince. Representatives from the Ministries will be at both per-
manent secretary and field staff levels. For 1977, the Board would complete
20 schemes such as springs, wells and surface water facilities. Water will
be tested and treated according to WHO standards. Aid is presently being

requested from several sources for construction of toilet and laundry facil-

15
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ftlos and water achemes. Canada is contributing $300,000 and Fngland §1.3
nillion for the conatructlon of water schemes. The ICCO is contributing
fundas for laundry facilicles which must be matched by Swariland Government

funda,

The Rural Water Supply Board has proposed criteria for use in selec-
tions of water scheres and sites (Appendix 1). Criteria proposed for site

toloction are as follows:

1) Only nettlements with 2500 inhabitants or less and located within a
2 km. raflius should he included.

2) Cost effectiveness; maximum of E50/person should be imposed. Stud-
ent (day) and clinic patients should count in addition as half a
unit.

3) Current sources of water should be assessed for chemical, bacterial
and parasitic comtamination. The adequacy of dry season water sup-
ply should b2 assessed.

4) Distance to nearest portable water supply (according to WHO stand=
ards) should be determined.

5) location of schemes in relation to population growth centers should
be considered.

6) Preference will be given to schemes where...

a) A responsible member of the ccrzmunity has been or will be no-
minated from the community to take responsibility for opera-
tion of the scheme and to report faults,

b) Community is willing to contribute unskilled labor for con-

struction purposes.

V) The GOS Health Education Program

A major part of the Government's plan for the national health program
is the development of Health Education. Educational activities at the pre-
sent time are mainly carried out by public health nurses who present special
sessions at health centers and touring of rural clinics. There is a Health
Education speclalist on assignment from WEO to the Ministry of Health for

the purrose of aiding in the organization of the national Kealth Plan. The
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oalth Klucation section plans to expand Health Educatlon progranms employing
all of the necdia at {tas disposal. In addition to the lecture sessions held
ot health centers and rural clinics, a health component will be included in
the curricula of an increasing nusber of nchoolu eupacially at the primary
level. There i3 a curriculum development program being initiated by a con-
tract awarded to Westorn Michiqgan University. Plans are for the conductance
of reninaryg throughout the nation, to encourage industry and other private
groups to accept the importance of Health Education, and to meet frequently
with governaent agencies in recisds to the inclusion of a Health Education

Component in thelr National Programs.

The Health Education Section has a local basic training program for
various level Health personnel such as Health Assistants, Rural Health Vis-
ftora and Domestic Science Demonstrators. Refresher Courses are given ev-
cry two months for nurses. Senior personnel are sent abroad for special-
fzed training to institutions in the United States, Nigeria and Kenya. Sup-
port for this comes from AID and WHO. The construction of a new training

center for nurses will be started soon with AID funds.

Health Education has a major role to play in the Anti-bilharzia and
Anti{-tapeworm campaigns (Appendix 2). A major cause for the high incidence
of guch discases is the lack of knowledge by persos in the rural areas of
the important need to utilize safe methods of human waste disposal, the a-
voidance of bilhar=zia infested waters, the need to cook their meat com-
pletely done before consumption in order to avoid infection with tapeworms,
and to use toilet facilities when provided by the qovermment as well as dig

their own pit latrines.

The introduction of an Health Education Prograa with provisions for
training of Health Assistants in these techniques into the Rura’ Water Sup-
plies and Sewage Programs described above will be a substantial educational
element and thus should contribute in its own right to the eventual reduc-
tion in incidence of these diseases. The program will also serve to acquaint
the rural populace of the dangers of other communicable diseascs such as

malaria, polio, tetnus, tuberculosis and others.



Therw are aluno plans for the incorporation of midwives into the com-
nunity health workers (Rural Health Visitors or Motivators) who are glven
a two month training period. Training of these workers is consistent with
the local situation. The Miniustry of Health at the present time pays
theno workers a srall token., The respective communities will eventually
take over the responsibility for paying these workers. An additional major
task of these workars ig to carry out some phase of the protected water sup-
ply program, as well as aid in construction of and maintenance of pit lat-

rines, promote use of and maintenance of new laundry and toilet facilities.

The Health Education Section of the Ministry of Health appears to be
wall organized and at the present time its operation and plans for the fut-
ure are consistent with the opinjons of experts in this area of expertise
as to the importance of Health Education in Water Resoﬁrces Development and
disease control. The national objectives of the Health Fducation Program

were presented as follows:

1) Promotion of Health and Preventlon of Disease

2) Carry the Health Education Program to the individual group and mass
population level.

3) Motivate the people to use available resources.

4) Farly detection of diseases.

5) Rehabitation of those people affected by diseases.

A) School Health Teams

School Health Teams consist of two Peace Corp volunteers (having bio-
logy, health education or other health and medical related training) and one
Swaziland National Nurse{R.N.) There are currently four national School
Health Teams, one for each major province of Swaziland. Each tecm is as-
signed a vehicle for transportation. The teans are responsible for vaccina-
tions, examination of urine and feces and dispensing medications. Examina-
tions are performed only on children in grades one and two. Treatment for
bilharzia is given only when a diagnosis is made by the team in an area
which is low in percentages of cases. When diagnoses are made in areas

known to have a large percentage of cases, treatment is not given. The ca-
ses are referred to a doctor for treatment. The drug currently used for

18



treatment of bllharzia by the School Mealth Teams {s Bilharcil. This drug
will be diacunsed In detall in a subsequent section. Followup of treatments

{a no® dona,

Thin alvigory lean mot with the School Health Team assigned to the Man-
zin{ provinco. The team expressed deep concern over the lack of direct pu-
fervisnion by the chief rmedlcal officer. There is a lack of equipment espec-
fally that needed for fecal examinations. In many instances they were able
to cacry out thelr aguignments as a result of improvision. It was evident
that the I'eace Corp nenbers of the Health Team were very anxious to perform

in a creditable manner for their country.

Recorzmendations:

a) Provide more direct sppervision especially in regards to dispensing
of medication.

b) Provide equipment needed to conduct fecal examinations necessary to
detect S. ransonl and other intestinal infections.

c) Increase the number of teams so that incidences of infections can be
detected in older age groups.

d) Add a Health Fducation specialist to the School Health Team.

19
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VI) A Review of the Public Haalth Problem in Swazlland as regards Water-

The prusent ntructure of the populatlon of Swazlland 1s such that its
greatest necedu for Public Health nervices are those of the young and the
dwellers of the rural arca. This is not to {gnore the future needs of urban
dwellers which {5 likely to become suignificant in the near future. At the
present tire, approximately half the national population is below the age
of 15. 1In addition, nearly 85% of the populace lives outside the defined
urban areas. 1t {5 these persons who are affected and suffer from Swazil-
ands major health problems, that is water-related disease and diseases of
fnsanitation such as bilharzia, gastro-enteritis and tapeworms. Indica-
tions are that with the present population growth (over'3% annually) the
nurder of cases of the above diseases is constantly rising. The present
disease pattern indicates the importance of providing environmental sanita-
tion and health education to reduce the incidence of water borne diseases
and diseases of insanitation. Facllities and services to meet these needs
are very Inadequate. This advisory team is convinced that the GOS now re-
cogrizes that there is an urgent need to reorientate their priorities for
development in the health area away from conventional institutional facil-
ities centered in urban areas to those in the rural areas. There is also a
recognition that different kinds of programmes are nceded which are cheaper,
rore simplified and closely geared to the preventive aspects of rural health
in order that greater results may be obtained in attempts to solve the

health problems of the rural population at large.

The GOS has outlined its major objectives for the national health
services development scheme in that "They should contribute to the overall
improvement in the level of living and quality of life of the mass of peo-

Ple in Swaziland."! There are three policy statement objectives:

1) To improve the overall standards of public health and in parti-
cular to reduce the incidence of water borne diseases and diseases of in-

sanitation amonyst children and the other inhabitants of the rural areas.

2) To waintain present levels of curative services, improving their

standard mode of distribution whenever possible.
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3) To create a nituation whereas a gubstantial moderation in the

rate of populatlon growth can be achioved within a reasonable period.

In order to achiova the above objectives, the COS has identified four

priority arean for duvelopnent. They are:

a) Developzent of programs of rural sanitation and water-supplies
in order to reduce thre incidence of deblilitating diseases and
maintain and expand existing communicable disease control pro-
gram aqainst bilharzia, malaria and tuberculosis.

b) Improving the network of rural clinics.

¢) Development of health education programs.

d) Expansion of training programs both at the local level (para-
medic) and overseas (senior health staff). The GOS has re-
quested aid from various foreign countries and private found-
ations to carry out certain phases of the national health pro-
gram. This advisory team visited Swaziland to advise on the

preparation of a safe and clean rural water progran.

As has previously bLeen stated, the major health prublems in Swaziland
is caused by diseases borne by water or associated with insanitary condi-
tions. Bilharzia is one of the most urgent diseases affecting approximately
60 to 90 percent of the population in the Middleveld and Lowveld and signi-~
ficant numbers in the highveld as well. The incidence of bilharzia is
spreading with the development of irrigation, in spite of the fact that
24,000 out of a total of more than 70,000 irrigated acres are under snail
control. Plans are also being formed to increase the number of acres under
control to at least 50,000 acres with the help of the private sector despite
the lack of success with the program thus far. Typhoid is still endenic,
tapeworm is prevalent throughout the country and gastro-enteritis is a very
serious prohlem particularly arong infants ranging in age from four weeks
to two years. These diseases occur in all parts of the country where puri-
fied water or protected supplies are not available. It is thought that
climatic conditions cause incidences to be lower in the Highveld than in

the subtropical Lowveld.
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Bllharzla s considered by the COS to be a major element sapping thae
enorgles of children and adults alike, thus reducing thelr effoctiveness
at rchool or at work. CGastro-enteritis, among other factors {s an important
caute of {nfant rortality. The taneworm which infects cattle, affects the
rural dweller directly by infecting the meat which he cats and indirectly by
reducing the valun of his cattle on the market. This hes national conse-
quences as it also restricts the ability of Swaziland to meet demands for

fte reat on world narkets.

Tuberculosls is the most important among other diseases. There has
hoen a recent increase in the number of reported cases. This, however, may
be due to improved diagnostic techniques and a better awareness of its pre-

valence.

Malaria which has been reduced to negligible proportions with less
than 200 cases reported last yeaz, now appears to be on the increase.
Deaths among Swazi citizens and expatriates have recently been reported.
It {s ot known if drug resistance malaria is present or not. Evidence of

rosquito vector resistance to DDT and Dieldrin has been obtained.

The incidence of syphillis and gonorrhea continues to be high despite
free trestment at government hospitals and clinies. Diptheria, poliomyel-
itis and measles are reduced to a level where they appear only sporadically.
Leprosy has shown a steady decline, while smallpox has completely disap-

apeared,

There are several diseases in cattle, sheep and horses which are more

or less water-related. Schistosoma boris and S. matthei, Fasciola hepatica

and F. gigantica are all found in cattle; hydatid disease is found in cattle

and sheep; African horse sickness and blue tonque are fourd in horses.

The agency responsible for dealing with the above described health
problems is the Public Health Section of the Ministry of Health. Its re-
sponsibility is very wide and its aims will be pursued in cooperation with
other Ministries and Departments, i.e., the advisory team identified a gen-
eral lack of interaction and cooperation betwren ministry sections in re-
gards to an understanding of the need for diseasc rrevention and control

when new water resources are estallished.
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Lpocitic alme of the Public Nealth Sectlon of the Hinistry of Health
age the proviston o! portable water supplics ( an objective or mission
0f the RDA's which are under the Minlatry of Rgricultucd),, refuse disposal
and zewaye facllities, peqat control, improved «<tandards of nutrition and

{mproved rousing.

The Offlco of the Senlor Hedical Officer of Health is located in Mbubane
frea which the natlonal public health program, environmental health and hy-
glenne, health education, the enforcerent of health legislation, supervision
of two city health departments and the public health nursing unit are di-
rected. Thero {4 another health office at Man:zini under the direction of a
accond Medlcal Officer of Health, who has responsibility for the control of
bilharzia and malaria. The Office of Health support staff consists of a
Senlor Health Inspector, four Health Inspectors {one per district) and five
Health Assistanta. It has the support services of the pathology laboratory
In Manzin! where routine biochemical, bacteriological and haematological

exaninations are performed.

A) Public Health Centers
At the present time thece are two urban public health centers, one in

¥babane and Manzini with simular services being offered at Siteki, Hlatikulu
and Mankayane hospitals. These centers concentrate on preventive aspects of
health care and service. Activities include health education, medica® -~
inations (includes establishing vital statistics data bank) prophyla. .ic in-
jections, medications, maternal and child health services and nutrition
guidance. These centers are staffed by a Sister and a number of public

health nurses. There are regular visits by doctors.

The public health center at Mbabane appeared to be very well organi-
zed. There were many patients waiting to be seen during our visit. The
staff (matron), nurses and health visitors were very well informed and con-
cerned about the health needs of Swaziland. The concept that health educa-
tion should be a component of all health prograis was being perpetuated by
this office. 1In evidence was part of the media, such as poster:, and other
material which are used in their efforts to enconrayge gcod nutvivionel) rer-

sonal hygiene and family planning by the citizans of Swaziland(lPhotograph 10).



Three health centers will be conastructed within the near future at Si-
tekl, Plgy'a Peax and at a still to be dutermined site §n southern Swaziland.
UNYPA have ajgrued to finance the center at Siteki while equiprent will be

provided by UNICER.

B)  Rural Clinica

Thore are approximately 60 rural clinics in Swaziland, 31 of them are
operated by the GOS, the remainder are run by industry and private organiza-
tioni. In rany instances there are gross inadequacies in these clinics such
as lack of equipment, poor physical conditions (piped water), under staffing
and lack of general supervision. In most instances the private clinics
(those located on the sugar estates) are better equiped but some have a gen-

ceral lack of support staff.

Three rural clinics were visited, one oparated by the government
(tixowade), and two operated by private concerns (Big Bend sugar estates and

CDC/S1S-%hlure).

The governzment operated clinic at Nkowade was recently constructed
and was staffed by a registered nurse and a nurses assistant. The clinic
was located at a school compley.. There was water available frem a stand-
pipe in the courtyard, toilet facilities were also available for the cli-
nic and school.(photoqraphs 11,12 & 13).There was also a water storage tank ac-
cross from which water was piped to the clinic and school. There was a gqen-—
eral lack of basic esquipment. Approximately 2 patients with blood in their
urine are seen each week. The patients are usually referred to a doctor who
then recommends the specific treatment. No fecal examinations are performed.
There was no laboratory equipment available for ccrducting urine or fecal ex-

aminations for schistosome ova.

In contrast to the rural government operated clinic at Kkowade,
the privately operated one at Big Bend was well equiped. The professional
staff consisted of one cxpatriate physician and a Swaziland registered
nurse or matron (Photographl4).who attend to apprcximately 15,000 patients
per year. An average of SC to 60 schistcsomiasis patients are seen each -
yvear. There is no cruarnized treatment scheme nre supecific diagnostic pro-

vedure for schistosomiasis. Patients suspected of having bilharzia (ir-
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Racommondatloqq:

1) It in recognized that thege clinics have ¢ multitude of services
to perform and thus under the constralnt of inadequato ataffing
canrot devoto the amount of time required for bilharzia problems
alone. However, it should bae pointed out that none of those fac-
flities visited has an organized diagnostic and treatment scheme
(irzludirg follow-up observations after treatment) which could b;
includ«d in the Gos planned national bilharzia control program.
It {5 therefore recemmended that the clinics (koth government and
hon-government) be urged to develop an organized diagnostlic and
treatirent scheme (with appropriate post treatment follow-ups)

which can be included in the GOS national control program.

C) GOS Progranm of Control for Cormunicable Diseases

There are two rajor disecase control prograns with central offices in
Manzini. There 1s a national TB program which is supervised by a medical
offlcer who 1 assisted by 10 health assistants. 7he program now is in itsg
secendd round of caese finding and treatment will, when completed, be turned

over to the normal public health services of the nation.

The second national disease control program is malaria/bilharzia under
the supervision of a second medical officer assisted by 40 health assistants
and is5 centered at the public health office in Manzini. At the present time,
however, the malarfa/bilharzia unit is being directed Ly a health inspector
in absence of the medical officer. The amount: of spraying required against
ralaria varies from year to Year according to the incidence of mosquitos.

The WHO assists in this pProgram. Presently, th2 majcrity of the staff of

the malaria/bilharzia unit are utilized for constan' ~ratrol reasures against
malaria and therefore current activities against bilharzia, despite its pre- -
valence, are limited to survey and control efforts encompassing a few small
scale projects. The national efforts against bilharzia are limited because

of the above constraints.

The bilharzia control unit's laboratory and organization was visited

and reviewed. A field trip was taken with the bilharzia survey and control
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the nurses at the malaria and bilharzia unit should assist and

advige these nurses.

It is the opinion of the advisory team that the laboratory diagmostic
section of the bilharzia unit was undersupervised and that techniques
and/or proc¢edures were not being adequately carried out for proper
diagnosis of bilharzia. This is due to an immense workload for the
Health Inspector acting as Director of the malaria/bilharzia unit.

To alleviate this situation and to prevent its occurance in the future
in the absense of a medical officer the following recommendation is
made:

It is strongly suggested that the diagnostic section o5f the mal-
aria/bilharzia unit be transfered under the supervision of the path-
ologist and laboratory technicain of the central Public Health Labor-
atory. It is further recommended that the malaria/bilharzia diagnos—
tic section be expanded to four laboratory assistants whose work will
be confined to malaria and bilharzia diagnosis. They will receive
specimens collected by field survey teams, schcol health teams and
will assist laboratory staff of hospitals in this area of their work
vhere necessary. The proposed organizational scheme under this re-
commendation is shown in Figure 1.

A further recormendation is that the malaria/bilhzrzia unit be
reorgarized to include the following new sections and/or personnel:

A biologist/malacologist with support laboratory assistants, an eng-
ineer with support constiuction teams, an administration section
with clerical and statistics staff, a Sister (SRN) to supervise
health education activities and treatment or chemotherapy section,
the present health inspector would be in chuirge of survey and control
field teams for malaria and bilharzia, and expansion of the bilharzia
field teams to four district teams each consisting of one supervisor
and four laborers. The entire unit would be under a director. The

organizational scheme for this unit is shown in Pigure 2 (see PID).

The advisory team suggests a program for the interim period before
the status of the proposed project is decided, and if affirmed, im-

plemented. The program would consist of the training of local per-
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ponnel locally and initiation of third country training. local
training and reorqanization of the existing facilities and resour~
cea thould be performed over a perlod of 6 norths to a year by using
thort torm consultants in biology/milacology, engineering, epidemio-

logy and laboratory supervision.

6) As rentloned previously, the advisory team identifled & serious lack
of cooperation and coordination amoag the various ninistries responsi-
ble for diseasc control, water resource development and financing.
This lack of intoraction is not as ecpparent at the level of Permanent
Secretarics as it is at the so-called beach level, which is the level
vhere the various progrars are carried out. In many instances, the
attitude of section ~hiefs or supervisors was very niave. In other in-
stances, key perscnnel were not aware of the dangers of bilharzia, mal-
arfa and other water-related diseases. Construction of new water-re-
lated facilities wece being planned without any intention of providing
for prevention and/or control of the major water-related diseases which
could becoime endemic or increased in intensity or prevalence because of
the planned construction. The persons responsible for construction of
fish ponds and planting of gardens for people with access to more nu-
tritious food near infected rivers and cams were not aware of the dan-

gers of coming into contact with bilharzia infected water.

The Pural Water Supply Board has drawn vp a2 schere for a National Com-
cittee to coordinate the development of the Rural Water Supply pxogran.
The Chairman of this cormittee would be the Permanent Secretary of Vorks
with the Permanent Secretary of Health, the vice-chairman. The proposed or-

ganization chart is shown in Figure 3.

The following recommendation is made in regards to the above informa-
tion: The establishment of a National Bilharzia Control Committee and a
Rural Water Supply Board, as well as any other organization tending to fos-
ter cooperation and coordination of groups involved in the suoply of clean
water and/or control of water related diseases 1s strongly encouraged. The
above organiza;ions should include representatives from the Ministries of
Health, Agriculture, Works, Power and Communication, #ducation, Finance,

Econonlc Planners, district traditional goverument representatives, Prince,
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WHO, UNEP, Covermments and other organirzations providing bilateral aid to
Swaziland. It {n ntrongly rocomended that thin committee be established

an noon au pousible by the GNS.

There are other important disease control activities which are being
undertaken with the assistance of voluntary agencies. A nationwlide measles
and yolio vaccination campaign has recently been completed by the Swaziland
Red Croun, OXFAM and the Ministry of Health. The Ministry of Health has now
taken on the continuing maintenance phase of the program by making measles
vaccine available to all hospitals, health clinics and rural clinics. A
progran whercas mobile eye clinics visit all rural clinics, health centers
and schools throughout the country, surveying blindness and eye diseases,
treating minor eye ailments, referring patients to hospitals for major treat-~
nent and advising on the care and protection of eyes is sponsored by the

Poyal Coirronwealth Socicty.

VII) A Discription of Water Resource Schemes at the Commonwealth Develop-

rent Corporation (CDC) and Swaziland Irrigation Scheme (SIS).

The advisory team visited most of the heavy agricultural production
regions in Swaziland and met with the persons who are or could be, assoc-
clated with rural water. The visit to CPC/SIS (Map 8) was particularly re-~
warding for it provided an opportunity to observe and discuss water re-
sources schemes which is more or less a cross section of the schemes
throughout Swaziland. The water resources at:CDC/SIS can be classified as

follows:

1) Main Canals

2) Storage PReservoirs

3) Distributary Canals

4) Duck Bills (term used by CDC/SIS engineers only)
5) Field Channels

6) Pump Statirns

7) Overhead Irrigation

8) Domestic Water Supply

9) Cattle Watering Systems



10) Carden Hater

11) Rlce Paddy Flelds

12} Dams or Reservolrs

13) Sand River Dam

14) lMatural Rivers at CDC/SIS
15) Cravel rits

16) oxidation Ponds

17) Katural Dralnage Systen

18) Constructed Dralnage System
19) Fish ponds

As many of the above water resource schemes were Yisited as possible
within the constraints of time. Other schemes were discussed with the
CDC/SIS Biologist. References are made as to whether snails are present or
not and whether human contact with the water bodies are carried on or not.
Many of the descriptions reported in this section can also be found in the
buncan/Fenwick consnltancy report for CDC/SIS in 1975. A description of
observations during visits to sélected areas and descriptions of other areas
not visited but described from literature and staterments by the CDC/SIS

Biologists are as follows:

1) Main Canals: No live snails can be found in main canals when the
water is flowing at a rapid rate (Fhotograph 15). What happens
when the decrease for water in the rainy season is diminished and
the water is flowing at a slow rate is not well defined. It is
speculated that snails could breed in the grassy verges during
this time. At certain other times of the year these canals are
dry and no snails are present. Some of these canals are used by
children for swimming and at timas for 1raestic purpoasas by adults.
It is therfore possible that seascnal transmission could occur,
but highly unlikely that these are a major source of infection.

Recommendation:

It is suggested that human contact with the canal water
could be reduced by the provision of laundry facilities (such as
swimming pools) in the villages. Fencing some of the larger

canal areas is also suggested.
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Storage Reserviors: (see Duncan report) All of these structures

contain =znaf{ls, but in low numbers. 1There is reqular human con-
tact, ralnly for flshing. It was suggested that this is a poten-
tially rwijor transmiasion sfte. Control efforts should be carrled
on and studics designed to define the snail transmission potential
as well as for current infection.

chonmendq&igg:

Restricting human and animal access by physical barriers,
i.e., fencing. Removal of vegetation, i.e., weeds and grass. Use

of gravity flow, if possible. Use of molluscicides, only if nec-
essary.

Distributary Canals: The water distribution system, which goes

to the various field of crops, is included in this large category.
Many canals are concrete lined with fast flowing water, others are
not concrete lined. In the concrete lined ones, vegetation and silt
are not present for the most part, and spail are not present, be-
cause of their inability to survive in fast flowing water (velocity
of flow exceeds 65 cm/sec). As the land levels off the canals it

is possible that snail habitats may become established Iit does not
matter whether or not canals are lired in this instance) since the
water flow is reduced and vegetation is often fouﬁd {photograph 16) .
Excellent snail habitats were observed in selected sections of all
canals of the CDC/SIS from cane, citrus and through to Tamkankulu.
(see Duncan report). Distribuiion ccnals form the sole water supply
to the Vuvulane Irrigation Farming (VIF) area which consists of ap-
proximately 265 homesteads. It appears that these farmers and their
families are at high risk because of their frequent contact with the
water from this system. It appears tlLat the snail populations (if
present) will vary from farm to farm accoruing to local conditions
but various areas appears to be very good transmission sites.

Recommendation:

As Duncan and Fenwick have recomnended in their report, it also
is recommended strongly that an indepth survey be conducted for in-
fected snails and that stool and urine examinations of the farmurrn
and their families be conducted to determine presence or akscnce of
infections. It is also recommended that a health education program

be carried on continucusly for the purpose of acquainting the farm-
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era and thelr families of the dangers of hilharzia and what preven-
tative reasures are necessary to quard agalnat infectfon. The vIP

farmera and thelr families should be probided with a safe and cloan
vater supply, including showers and latrin~s. From all indlcation

these farcers and thelr families appear tc be at a greater rish

than the avarage worker in other parts of the CDC/SIS area.

Duck Bills: The advisory team observed these structures from a dis-
tance. The duck bills are concrete control points which enable
canal junctions to be managed (description from Duncan report).

The water engineers at Mhlume devised the name "duck bills” for

the concrete control points. At the canal junctions there are
“concrete sumps”™ which quite often contain stagnant or slow flow-
ing water. These offer excellent snail breeding habitat. It is
reported that massive snail populations are found in these struc-
tures. These structures are used by children and workers who sit

on the concrete to wash, paddle and carry on other ectivities.

Recommendation:

The advisory team recommeds, as in the Duncan/Fenwick re-
port, thot special attention be paid to the duck bills and as-
sociated "concrete sumps" especially those near villages. It
is recognized that this is one area where use of molluscicides
is warranted to reduce immediately the risk of human infection

with bilharzia.

Field Channels: When sugar is irrigated (furrow irrigation) and

citrus (basin irrigation) the water is clannelled through a duck
bill into a field channel (mostly unlined)and then in the field
crops. The syphon irrigation workers have maximum contact with
water in these channels. Snails f:om the concrete sumps at the
duck bill could be washed into them frcu the distributary canals.
Control of snails in the distributary canals (duck bills and as-
sociated concrete sumps) should eliminate this possit.ility.

Recormmendation:

Constant surveillance of this structure is recommended and
if snails are found the use of molluscicides is recommended im-

mediately.
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Punp Statlons: Water (standing ané stagrant) {a often found near

pump houses (Duncan report). The advisory team did not find any

snaily at the one punp house which we visited (not at Mhlume).

It {5 rot determined 1€ these areas would form transmission sites.

However, they should be included in any survey scheme.
Recormendation:

Constant survelllance to determine transmission site po-

tential.

Ovarhead Irrigation: The possibility of snails invading the

punp houses settling tanks or water storage areas supplying water
to overhead irrigation sprays is slight. However, in view of the
fact that cercariae could withstand pumping and emerge from the
irrigation sprays and ltecause of this possibility, the overhead
irrigation and its water source should be checked routinely.

Rucommendation:

The overhead irrigation sprays do not constitute a great risk
at thic time hecause of the probable absence of snails at its wa-
ter source. Routine checks should be made of these facilities es-

pecially at the source of its water.

Domestic Vater Supply: The advisory team visited housing dev-

elopment or village #5 at Mhlume. This village has approximately
1200 persens. Tiie conditions for the most part were quite pre-
sentable. There were laundry facilities, chower facilities, toil-
et facilities and water storage tanNs (photographs 17 & 18).

There were proviaions for heating this water for shower and laundry
use. The water is treated and piped into these facilities. There
were canals running on either side of a main road just adjacent to
this village. tHuman contact is made with the canals in spite of
piped water supply and laundry and toilet facilities. A descrip-

tion of the villages and farms on the CDC complex was provided.

a) The Vuvulume small agriculture farms, their families and
labourer's villages deserve special méntion. Their wa-
ter supply is obtained from canals, there is no piped wa-

ter system to homes. We were told that a piped water sys-

tem is planned.
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b) Major farms have a nlightly lower standard of housing but
ntill were provided piped water and showers.

€) There are satellite villages or "squatters areas" where peo-
pPlo live in cattle grazing areas and on the opposite of the
Fomati Fiver are using canal plped water for cattle consump-
tion, river and pond water which may be contaminated with
cercariae and other infectious agents.

d) The Tamkankulu area have scme villages with good water sup-
plies, tollet and laundry facilities but others have no
water supplies. These must obtain thelr water from streams
and drains which pass through the village.

¢) The Sukasamte village is provided with piped water supply
to all houses. However, a large canal (3L) runs through
the middle of the village. Human contact is regularly
nade with this body of water.

Recommendations:

Provide piped (treated) water supply to all villages as well
as toilet, laundry and shower facilities. Restrict human access
to canals at villages by fencing or concrete covers in immediate

village area. Include satellite villages in control programs.

Cattle Watering Stations: There are over 100 watering stations for

the cattle herds at CDC/SIS. Duncan and Fenwick report the pre-
sence of snails in the watering troughs. They speculate that the
snails managed to survive passage through the pumps sending water
to the watering stations.

Recommendations:

Chemical treatment of pumped water to eliminate snails. Con-
tinue to restriéct human access to cattle watering stations by use

of fencing.

Garden Water: Water for domestic gardens of management houses at

Mhlume is untreated. Even though the risk of transmission occuring
is low, it is possible that cercariae could be piped onto lawns

and infect labourers' and children. Water used by Vuvulume far-
mers is likewise untreated.

Recommendations:

The use of treated water for gardering is strongly recommen-

dad. The elimination of semi-permanent fools of water in qgardening
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arecan is algo recommendoed.

Rice Paddy Flelds: The advlsory tean visited one rice cultiva-

tion area at CDC/SIS in the company of the CDC/SIS Biologist. fThe
rice paddles were dry. The crop had been harvested previous to
our vialt. It should be mentioned that plans were being formu-
lated for a crop rotation program. Rice had been grown in this
arca for over 20 years. Bllharzia has been a problem for many
years. Infected snails can be found in the rice paddies where
crops are grown. Efforts by the Shell and Bayer companies to el-
irdnate snails in this area by use of molluscicides had failed and
the two companies had given up their efforts to control the snail
and schistosomiasis. Rice yields at the present time were not
good. Crop rotation was also being considered as a means of con-
trolling the snails.

Snails were found in this area in:

.a) An irrigation canal which contained very small amounts of

water (Photograph 19). The species of snails found were

Bulinus sp. and Biomphalaria sp.

b) A drainage canal area adjacent to a slaughter house and
its oxidation pond. This drainage canal contained very
slowly flowing water, with vegetation. There was evi-
dence of human contact (debris and footprints). The

species of snails found were Bulinus sp., Biomphalaria

sp. and Lamistes sp. Positive Biomphalaria sp. and Bu-

linus sp. have been previously found in this canal.

Recommendation:

The problem of schistosomiasis in riceApaddigs and irrigation
canals supporting the cnltivation efforts chould be thoroughly as-~
sessed. In view of the fact that rice farming has been in pro-
gress. for nearly 20 years in some sections of the country any data
relevant to bilharzia during this period should be obtained.

Plans for increasing the production of rice are being formulated.
The potential of paddy fields as potential snail habitats and
transmission sites for schistosomiasis should be thoroughly as-
sessed. It may be necessary to use chenicals to treat irrigation
water in order to reduce the infected snail population.

This treatment of course would depend on the snall invasion rate
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within irrigation canals, and the rice paddies.

Lans or Peservoira at CDC/SIS: A description of the CDC/SIS dams

in regard to thelr involvement or potential in Schistoscniasis
transmission was presented by the CDC/SIS Biologist. A nap of
the water resources at CDC/SIS was also provided (Map B8). Visits

to Dam #5 were also carried out.

Sand River Dam: There are two main human contact points at this

dam. One ig the Yacht Club and the other is the fishing area and

fisherlies station. Snails are reported to be present in the vege-
tation aroung the margin of the dams. Snails have also been found
in the flsheries area. Fishing can be done ogly from the dam wall.
water skiing is done by Europeans. A suspected case of bilharzia
in a Furopean was reported. Cattle also feed at an isolated sec=
tion of this dam.

Recommendation:

As in the Duncan/Fenwick report, we recommended clearance of
vegetation from margins of the dam. Routine examination of per-
sons having contact with this body of water should be concucted.
1f positive persons are found they should be treated. Tests
should be conducted for S. mansoni aud S. haematobium.

a) YXolindi Dam. No snails are reported from this dam.

Recormendation:

Continue surveillance.

b) Dam #2: Both Bulinus sp. and Riomphalaria sp. are found

in this dam. Positive snails have been reported.
c) Dam #5: The AID/PID team visited this dam. There is a
high human contact with this body of water. Both in-

fected Bulinus sp. and Biomphalariavgg, and Melanoides

Sp. are found in this dam.

d) Dam #12: Bulinus sp. and Biomphalaria sp. were reported
from this dam by Duncan/Fenwick (statement by Biologist).

Recommendations:

(for b, ¢, and d) Human access to these dams should be res-
tricted. Vegetation should be xremoved from the marging of the dams.

The use of molluscicides is recommended only if warranted.
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Matural Rivers at CDC/SIS: There are 3 rivers which travergse the

CC/SIS complox. Theum are the Sand River, Xomati River and the
Unbuluz!{ River (Map 8).

a) The Sand River: BDulinus sp. and Biorphalaria sp. of
snalils have been reported from certain focal points in
this river.

b) The Komati River: Snails (species unknown) have also
been found at certain focal points in this river. Many
labourers live on the opposite banks of the river and
therefore many cross daily to and from work at SIS.

Recommendations (for a & b):

Sufﬁeys at crossing points in the Komati River and at points
to the highway along the Sand River where human contact is possi-
ble should be conducted to determine extent of snail population
and corresponding bilharzia infection. Health education programs
are also recommended to aid in preventing human contact with pos-
sible infected water. -

c) The Unbuluzi River: This river runs between sections of

Tamkankulu Estates. No information is available as to
its role in Schistosomiasis transmission.

Recommendation:

Conduct indepth survey to determine if there are snails pre-

cent.

Gravel Pits: There are many gravel pits throughout the CDC/SIS es-
tate. We drove past one pit during our visit. It is reported that
some of the pits contain snails and that children visit and play at
a few of these containing snails and vhich werc used as rubbish
dumps. These pits are considered a potential transmission site.

Recommendation:

Determine role of gravel pits in transnissicn scheme, £ill by

use of top soil and treat with molluscicide if necessary.

Oxidation Ponds: These ponds are probably too polluted to sustain

snail population. The advisory team visited one oxidation pond at
village #5. Human contact appeared to be minimal. There was an-

adjacent drainage pond which perhars could sustain smails.

Recommendation:

These ponds should be completely fenced to prevent any possible
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human contact. The drainage ponds should be examined to determine

if snails can nuccensfully live thera.

Natural Drainage System: This snyatem consiats of swampy areas;

drainage ponds, which emlnate from oxidation ponds, dams or reser-
voirs. They may have densa vegetation growth in the marshy hollows
to those with rocks and vegetation in the so called ponds. These
areas all act as excellent habitat for snails and as reservolrs for
snail repopulation (Duncan/Fenwick report). Many of these have a
natural catchment, where excreta could flow in or be meshed in to
infect snaila. There are swampy and natural drainage areas on the
CDC/SIS estate and they present an immense problem for the snaill
control effort.

Recorrmendation:

Fencing of these areas to restrict human contact is recom-

mended. All areas should be found and evasive action taken.

Constrnucted Drainage Systems: There are many drain lines at the

CDC/SIS estate. These are considered as potential problem areas
in any snall control scheme. Water flows from the land into small
channels and then into larger channels. Excreta dropped into the
fields by workers and animals could be washed into the drains and
cause infection to snails (if present) or that infection could a-
rise from inefficient oxidation ponds.

Recommendation:
Map the entire drainage system, identify all human contact

points, carry out spot treatment with molluscicides if necessary,

fence in all human contact points.

Fish Ponds: The AID/PID team did not visit fish ponds at CDC/SIS.
However, we were told that there are numerous ones at Mhlume.
These ponds are considered an extreme potential future danger
where snails and the corresponding schistosnma infectica could be-
come established in the Mhlume fish ponds. .

Recommendations:

A survey should be conducted immediately to determine the

snail population in the £ish ponds.
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A)  Groeral Pecommendations Relevant to the Water Pesources System at CDC/SIS

Indication are that prevalence of aschistosomiasis is higher than that
feported, {ntestinil schistosomiasls {3 under-reported. The data presented
to un nhow cases of schistosominsis vhich were discovered in the clinics at
COC/51S.  This data dees not glve a true picture of incidence and prevalonce.
The visit of the udvisory team occured in May and that of the Duncan/Fenwick
{n August. It i3 possible that snail populations were at a low point during
these two poriods. Also it may be that during the cold season parasite dev-
clogzent in the snail is not occuring at the level that it would be if during
the hot season. 1In view of the above considerations, the following recommén-

dations are nmade:

1)  An indepth survey to determine incidence and péevalence of Schist-
ogomiasis caused by S. mansoni and S. haematobium should be car-
ried out. Both, expatriates and indigenous populations should be
examined.

2) A comprehensive map showing the complete water resources network
{ncluding such bodies of water as gravel pits, constructed drainage
lines and etc. should be drawn up and kept up to date.

3) An indepth survey of the entire water resources network at CDC/SIS
covering all of the previously listed schemes should be carried out
to determine snail populations and their natural seasonal fluctua-
tions over a one to two ychr period.

4) Fencing of all accessible water schemes to prevent human access
and/or contact (including drainage canals, main canals, vleis con~
tact points, duck bills and others).

5) Bridges over all water crossing points.

6) Provision of safe (treated) piped water supply to all villages (in-
cluding so called #atellite villages and labourers villages).

7) Provision of shower, toilet and laundry facilities for all villages
and their inhabitants.

8) Provide recreational facilities for villages (especially for child~
ren) such as swimming pools and play areas.

9) Plan and implement health education progwams for the purpose of
relating to the population the dangers of bilharzia, its prevention
and the use of toilet and laundry facilities.
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VIII) A Description of Water Resource Schemas at Biq Bend Sugar Estates

The advisory teanm visited the Big Bend Sugar Estates with the bilhar-
zla field survey a..d control team from the Public Health Laboratory in Man-
zini. Theo nrca visited was the Ubombo Sugar Panches which are a part of Big
Dend. The field survey and control team carry on routine gpraying and sur-
veys at the Ubonbo Sugar Ranches for both mosquitos and snails. The water

resources facilities observed at the Ubombo Sugar Estates were as follows:

a) Dams and/or Reservoirs
b) Canals
¢) Drainage Ponds

The field survey and control team use the molluscicide Frescon to
spray against snails. The Dams at Ubombo are sprayed every six weeks. Just
prior to spraying the dams are checked for presence of snails. Checks arxe
not made for presence of eggs to determine if new snails will be found.

Frescon is not effective against eggs.

1) Dam £#l: This dam is routinely sprayed every six weeks with
Frescon by use of hand sprayers (Photographs 20&21). This
dam was relatively small (Photograph 22 ), and had sparse
vegetation around its edges. Both Biomphalaria sp. (Photo-

graph 23) and Bulinus sp. were found in this dam (Photo-
graph 24): The majority of snails found appeared to be

young.

2) vVan Ebb Dam: This dam is sprayed routinely every six weeks
with Frescon by use of the dxip method. Human contact with
water from this dam is through fishing and use of water for

gardening.

3) Drainage Ponds: This water resource was located just below

the Van' Ebb Dam (Photoéraphzs). Human contact with water
from this pond is through use of water for daily routinesy as
well as for gardening. Positive snails are found in this

pond. Biomphalaria sp., Bulinus sp., Lymnca sp. and Melan-
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oides sp. were found during our visit.

4) Canals: One canal located on the other side of the highway
which runs past dam #1 (Photograph26) contained only
Melanoides sp. of snails. There was no vegetation and the
water flowed very slowly. Another canal with very slow .
moving water was located just adjacent to the drainage pond.
of the Van Ebb Dam.and large amounts of vegetation. This
canal contained Biomphalaria sp., Bulinus sp., Lymnea sp. and

.’EMER- Positive snails are also found in this canal.

Recommendations:

The advisory team was afforded an opportunity to observe the bil-
harzia field survey and control téaﬁ prerform techniques in the fizid. Mollus-~
cicide spraying and searches for snails were conducted. » It is the opinion of
the advisory team that the field procedures and technicques need improvement.

The following recommendations are presented:

a) Followup searches one to two weeks after spraying with
Frescon to determine snail kills. Searches for snail eggs.

b) Use of a molluscicide which is active against snail eggs.

¢) Examination of collected snails more frequently for pre-
sence of schistosome infections.

d) ~¢rogram to present human access to infected water such as
use of fencing.

e) The Big Bend Sugar Ranch owners should be encouraged to
provide piped and treated water, toilet and laundry facil-
ities and recreation facilities.

f) Provide health education programs to acquaint sugar est-
ates population of the dangers of bilharzia and other wa-

ter~-related diseases.

A) Results of Surveys Conducted by the Advisory Team (Blood, Urine and Fecal

Specimens examined at Schistosomiasis Research Center, University of

Lowell).

1) sSnail Surveys: Searches for snails were made at Big Bend

Sugar Estates, CDC/SIS Sugar Ranches, the Taiwan Demonstra-
tion rice farm (Photographs 27 & 28) and Southern Rural Dev-
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elopment Area (SRDA). The results of these searches are pre-

sented in Tables 1, 2, and 3. The species of snails found were

as follows: Biomphalaria sp. (intermediate host for S. mansoni);
Bulinus physopsis/ Bulinus globoscus, Bulinus bulinus+ Bulinus trop-

icus, Lymnea sp. (intermediate host for parasites in this area of
Africa not positively determined - maybe Fasciola sp.); Melgnoides
Sp. (intermediate host for parasites in this part of Africa not po-~
sitively determined); lamistes sp. (intermediate host for parasite
in this part of Africa not positively determined). In some instan-

ces the number df dips made for snails were counted, in other in-~
stances oniy fﬁe presense or absence of snails was recorded. With-
in the constraint of time, species identification were made when-
ever possible.

During the course of the snail searches, information was ga-
thered concerning which water schemes are currently serving as
snail habiﬁats, as well as in which ones infected snails have been
found. This information is based on statements made by various

persons at the facilities visited.

Live Snail species (Bulinus globosus and Bulinus truncatus )

were obtained from the Biologist at CDC/SIS and returned to the

Snail Labotatory at the Schistosomiasis Research Center, Univer-
sity of Lowell.

Urine Surveys: The advisory team conducted a survey of school

children (age 7-9) at Saint Florence's School in the Hhohho Dis-

trict of Swaziland. Urine samples were collected from fifty-two
children. The specimens were returned to the Manzini Laboratory,
subjected t§ centrifugation, the resultant sediment collected,
placed in small vials with 10% formalin sealed and returned to the
United States for examination. Twenty-two of the 52 specimens -

were positive for S. haematobium for a percentage of 42.3 (Table 4).

Fecal Surveys: The advisory team conducted a survey of school

children (age 7-9) at Saint Florence School in the Hhohho district

of Swaziland. Fecal samples were collected from fifty-two child-
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ren. The cpecimens were roturned to the Manzini Laboratory, mixed
thoroughly with MIP colution, placed in vials, sealed and returned
to the United Statos for examination. The results of the laborat-
ory examination ars presented in Table 5. Protozoa, Nematode and

Trematolde infection were found. The highast percentage of in-
fection found were by Protozoa, while the lowest percentage were

by the Trematodes.

4) Blood Survey: The advisory team conducted a survey of school
childron (age 7-9) at Saint Florence School in the Hhohho District
of Swaziland. Blood specimen (thick and thin films) were col-
lected from fifty-two children. The specimené were returned to the
Manzini Laboratory, fixed, packed and returned to the United States
for examination. Examination of the blcood films revealed no mal-
aria parasites (Table 6).

IX) Water Resource Schemes Currently Serving as Snail Habitat in Swaziland.

A number of water schemes have been identified either through observa-
tions by this advisory team, as a result of reviewing such consultancy re-
ports as Duncan/Fenwick, Jobin/Jones and others or as a result of conversa-
tions held with various GOS and public sector personnel. These water schemes

are as follows:

a) Canals {(containing slow-flowing water and vegetation)
b) Storagas Reservoirs

c) Dams

d) Distributary Canals

e) Duck Bills

f) Field Channels

g) Pumping Stations

h) cCattle watering systenms
1) PRice Paddy Fields

j) 1Irrigation Canals

k) Rivers

1) Gravel Pits

m) Natural Drainage Ponds

n) Constructed Drainage Ponds
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o) Garden Water (cercariae only)
p) Temwporary Bodies of Water (rain puddles,etc.)

A completa description of this water scheme can be found undex sec-

tion 7.

X) Water Resource Schemes having Potential of Serving as Habitat for Snails

Several types of water resource scheres were ldentified as having the
potential for serving as snail habitats (both infected and non-infected) in

Swaziland. These schemes are as follows:

1)

1) Frish Ponds
2) Rice Paddy Fields (newly established ones)

3) springs
4) Ram Pumping Stations
5) Lakes

6) Overhead Irrigation Spraying Systems (dispensing

cercariae infected water only)

Fish Ponds: The fish pond construction program in Swaziland
includes as part of its program fish farming, commercial fishing,
fish hatchery expansion and encouraging Swaziland inhabitants to
utilize local fishes in thier diet. The program was started in .
early 1975 and up to the present +ime there are, according to va-
rious sources; 100 to 500 completed ponds. The fish ponds are
mostly built'by hand by women who usually operate them. Regular
visits are madé by the Domestic services staff to assist in any
problems which may arise. Lectures and colox slide shows are gi-
ven at various sections of the country where farmers are trained
in various aspects of fish cultivation. Subsistence and recrea-
tional fishing on the many lakes and streams of Swaziland has
increased because of the result of lectures and demonstrations
mentioned above. Commercial fish farming operations continue to
expand. Three new farms began operations during 1975, and three
12-50 acre farm are expected to begin operation by mid-1977.

A commercial fishery operation has been established on the SIS's

sand River Dam (snails are present in this dam). Fish production
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jected up to 1200 - 1500 pounds per day after new facilities are
ready. The success of the Sand River Dam fisheries program has
caused interest by groups in other areas of Swaziland for commer-
cial fish production programs and training of local persons as
fisherman faxrmers. The species of fish usually used to stock the
ponds are Tilapia mossambica, Tilapia melamoplema and Cyprinus '

carpio. A small trout brood stock and bass are also being tried
at the Nyetane hatchery for use in ponds. The fish pond program
staff consists of a UNDP/FAO provided fisheries officer, 2 Peace
Corps volunteers and ;everal Swazi-counterparts.

The fisheries program currently in operation and those
planned for the future.will employ a laxge number of Swaziland
citizens. From all indication, no programs which are currently in
effect, nor those slated to be completed in tﬁe future have in their
plans for prevention or §urveillance of the snail.intermediate hosts
of bilharzia or other water-related diseases. It is felt that
fish ponds constitute a very real potential for serving as snail
habitats. Because of the large number of persons who are currently
or will be involved in future fisheries programs the risk of ac-
quiring infection will be great if fish ponds become endemic
foci for bilharzia or other water related diseases. Only one
fish pond was visited by the advisory team and no snails were
found. However, as mentioned previously it is probable that snail
populations in the month of May were probably at their lowest le-
vel. Indications from conversations held during visits to various
facilities are that there are ponds in Swaziland with snail popu-
lations.

Recommendations:

a) Shoreline around fish ponds should be cleared of vegeta-
tion.

b) Fences should be installed to prevent unnecessary'human
contact and to prevent access by animals.

c) An assessment of the snail population in all fish ponds
should be carried out as well as a study to determine natural

fluctuations over a 1-2 year period for both the snail and para-
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site if present.

d) The two molluscicides currently in use in Swaziland,
Bayluscide and Frescon are toxic to fish. If it becomes neces-—
sary to use molluscicides in fish ponds then the use of one
that is not toxic to fish should be considered.

Rice Paddy Fields (newly established ones): The rice cultiva-
tion scheme in Swaziland has made great progress since 1970 when
the Chinese Agricﬁltural Mission was established. In the Nkung-
wini Scheme, which is at the Hlatikulu area, there were 26 tar-
mers (1975), while at Mvembili in Pigg's Peak area there were 45
farmers (1975) with plans for expanding to 50 farmers by 1977.

Farmers in these two schemes are producing rice in the summer and

vegetables in the winter. !

A visit was made to a rice paddy field at CDC/SIS Mhlune.
The rice paddy field was dry, but irrigation canals supplying wa-
ter to the rice fields as weli as drainage areas in the same vi-
cinity contained snails. Positive Bulinus and Biomphalaria

snails have been found in the above canal drainage area. The po-

tential of the rice paddy fields as snail habitats has not been
fully ascertained. By way of speculation it is felt that rice
paddy fields may élay an important role in Bilharzia transmission
and that all newly established ones should be included on any list
containing water-schemes as potential snail habitats. The advi-
sory team visited the Chinese Rice Demonstration Farm near Mbabane
and found no snails. It is again pointed out that the visit was
during a winter month and therefore snail population could be
very low. Because of the constraint of time a planned visit to
Pigg's Peak Rice Cultivation Area was not carried out.

The CDC/SIS Biologist stated that bilharzia was a problem
in the rice paddy fields at ‘the CDC/SIS area. Previously the Shell
and Bayer Companies had conducted mollusciciding programs in the
rice paddy fields in an effort to control the snails and bilharzia.
The program was not successful and was discontinued. More inform-

ation 1§ needed concerning the total aspect of this proqran.



3)

4)

49

Recommendations:
a) Indepth surveys should be conducted at all rice cultiva-

tion areas over a 1 - 2 year period to determine natural fluctua-

tions in snail populations and infection rates (if present).

b) Preventive and surveillance schemes for snails and bil-
harzia should be included in all newly established rice cultivation
schemes.

c) Crop rotation should be tried as a control method where
snall and bilharzia are found.

d) If molluscicides are used initial flooding of fields should
be with water treated with Bayluscide. Frescon does not kill snail

eggs.

Springs: Under the spring protection and well digging program in
Swaziland springs are covered and protected by stone casements. No
snails have ever been found in springs. There are no problems with
seepage to wells or springs from pit latrines because wells or
springs are located considerable distances from villages or home-
steads and are also on higher elevations. All springs are also
fenced to prevent access by cattle and humans. Mosquito larva have
been found in these wells (culex sp.). It should be pointed out
that.Bulinus sp. snails are found in springs and wells in Saudi
Arabia and Oncomelania sp. in wells and springs in the People's
Republic of China. Water was observed in a thickly vegetative area
around the covered spring visited by this advisory team at Ludze,
Ludze Village.

Recommendations:

a) It is felt that the liklihood of snails becoming estab-
lished in the covered wells or springs is very slight. However,

in the absence of a water treatment scheme, surveillance program

should be carried out.
b) Continued fencing of all springs or wells should be en-

couraged.

Ram Pumping Stations: (Photograph5 ) Standing water surrounding

the pumping area even through fenced could contain snails or the
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water entering the station from its source could contain in-
fective laxrva. Even though it is doubtful if these are trans-
mission sites they should be investigated.

5) Lakes: No information was obtained concerning snail populations
or bilharzia in lakes. In view of the situation concerning bil-
harzia in lakes in other regions of Africa immediate attention
should be given to determining the extent of the problem in lakes
in Swaziland.

6) Overhead Irrigation Spraying Systems: Duncan and Fenwick (1975)
in their consultancy report for CDC/SIS point out the possibility
of cercariae which could withstand pumping and in theory be con-

tained in irrigation sprays. Despite the poséibility of this oc-
curance being very slight, the risk of infection would be greater
if infected snails managed to invade pumping stations supplying
water for the overhead irrigation.

The possibility of overhead irrigation water containing in-

fective larva should be noted and surveillance procedures initiated.

XI) Review of Health Data Collected From Various Sources in Swaziland

A) GOS Health Data and Statistics

Excellent cooperation and support was provided by the GOS in support of
this advisory team’s mission. Various sections of the Ministry of Health pro-
vided the advisory team with copies of the most recent health data concerning
human bilharzia and other water related diseases. In addition the advisory
team was given recent data concerning a major health survey c¢onducted by the
MOH of GOS. In most instances the data obtained from surveys is more or less
complete, in others,however, figures reflecting number of cases for example
are missing. This lack of data in some instances may be due to the constraint
of time under which the advisory team operated and thus did not examine in
depth many of the data so kindly supplied.by the various MOH facilities im-
mediately at the time of our visit. Much of the data obtained during our vi--
sit represents the results of new surveys conducted since the last AID advis;

ory's or consultant team visit in 1975. The data is presented as collected
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from each MOH section and discussed accordingly.

B) Results of School Health Survey (March, 1976 to October 1976) for School
Children of Grades I and II.

The data presented to the advisory team was prepared and organized into
tables under the guidence of Dr. E.L. Huppert and with the assistance of Mr.
Raphael Mambo (Health Statistics Unit, Central Statistical Office). The data
is based on survey results obtained from a total of 9,797 (Table 7) school
children (Grades I and II) for abnormalities in height, weight, nutritional
standards, eyes and ears, posture, ringworm, skin defects and others, and
urine. The fecal specimen of 792 children were also examined. Records of
immunization vaccinations given during the survey are also pxesented. Not
all of the 9,797 school children examined received the complete series of
examinations (Table 7c). The reasons for this were that 8162 school children
were classified "normal", "over" or "under” with regard to height and weight
only after the measﬁrements were taken of the first group of school children.
It was also sometimes necessary to spread the complete series of examinations
over more than one day and some of the school children were absent on the

following day.

Percentages in some groups may not add up to 100% as a child may have
been included in more than one sub-group. Symbols used "-" means "no case";
"0" means less than 0.5%. It should also be pointed out that "1%" for ex-

ample means any valuesbetween 0.5% and 1.49%.

The results of the school health survey are shown in Tables 7 to 13.
The number of schools examined by district, type of area (urban and rural),
ages and sex and numbers of examinations performed for abnormalities of
height and weight, nutritional standards, eyes and eaxs and urine are shown
in Table 7. The total number of persons examined were thus 9,797. A total
of 126 urban and rural schools were surveyed and which included community,
mission, private and GOS schools. The four major districts of Swaziland
were covered (Table 8) in the survey. The results of examlipations for ab-
normalities according to districts ism shown in Table 9 & 9a. The renultn ob-

tained according to type of school area (urban or rural) are shown in
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Table 10. Thirty (30) percent of the children examined in the urban schools
were without defects or abnormalities whije thirty-seven (37) percent of
those in the xural 8chools were classified as "normal™. The results of ex-
aminations by sex for abnormalities are shewn in Tables 11 and 1lla. There

was not a great difference in percentage of abnormalities between the sexes.

Parasitism by S. haematobium was determined by examining the children's
urine microscopically for eggs. Urines were collected from approximately
96% of all students examined. Samples were collected between ten A.M. and
12:30 P.M. since eggs releassd by the body appear to peak between 11:00 A.M.
and 2:30 P.M.. All urines were centrifuged in order to sediment the schist-—
osome eggs and red blood cells. The sediment was then examined microsqop~

ically. The presence of eggs was consldered evidence of infection.

Examination of the statistical information obtained on bilharzia shows
that it constituted the major disease problem when considered both in terms
of the great numbers of children infected and the known severity of the
disease (Tables 10, 11 and 1la). A total of 9434 urines were examined and
11.37% or 1073 children contained S. haenmatobitm eggs in their urine while
7938 or 84.1% were free of bilharzia. These figures represent approximetely
one-third (1/3) of the total grade. I and II students and do not include all
the schools in the country. The geographical distribution of the schools
visited during 1976 are shown on Map 9. The percentages of students found
infected by districts are categorized into three groupings, 0-5% = (blue
color on map); 5-20% = (green color on map) ; and over 20% = (red color on
map). In general it is apparent that schools examined in the Hhohho district,
primatily a Highveld area, exhibit the lowest percentage (4%) of infection
than the other districts (Table 12). One explanation may be that the water
supply which must support the snail host to allow for bilharzia is not en-
tirely appropriate to support good snail populations or bilharzia. There is
little or no transmission above an altitude of 1800 metexrs where water tem-

perature are too low. Also, snails are not usually found in swiftly flowing
or heavily shaded streams. This may also account for the low percentage of

infection in the Highveld areas.

The Manzini di<trict showed the highest cverall percentage of infection
at 19% (Table 12 and Map 9). Preliminarily, it appears that there is a sig-
nificantly higher number of infections in the northeast section of the dis-
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trict, Lowveld, and the section wost of Manzini vhich is a Middleveld area
(Map 9). Thiu focus which is in the Lobamba area corresponds to the only
significant incidence of infections in the Hhohho schools, which increase
as one proceeds southeast of Mbabane towards Lubombo (Map 9). Shiselweni,
has a district percentages of infection of 13% (Table 12) and shows a rela-
tively high incidence in the area south of Nhlangano, however, there is

little or no bilkarzia in the highveld schools in and around Gege (Map 9).

The Lubombo district has a 14% incidence rate (Table 12). Its
greatest incidence is in the southwestern area and also around the irriga-
tion complex at Big Bend (Map 9 ). The major factors which may contribute
to a high incidence of bilharzia in the lowveld and Middleveld areas include
slow heavily veéetated streams that provide an ideal habitat for growth and
reproduction of bilharzia carrying snails, large irrigation canals that are
also easily populated and a large human population that contaminates the
water supply through promiscuous urination and defecation. In the dense
areas of the Southwestern Lubombo district small watersheds provide the en-
tire water supply for large communities. Once these water holes are con-

taminated with infected snails, entire commodities are exposed.

Certain cultural aspects may cause an increase of bilharzia in some
areas. At the Dumisa School in the Lowveld area near the Usutu River (Map 9 )
a large percentage of Grade II girls were infected but very few boys. One
explanation may be that the girls wash clothes in the shallow area of the
river where the snails that carry bilharzia are very numerous, while, the
boys swim in the middle of the Usutu which does not support snails very well

and trerefore have limited contact with the snail infected water.

Tnere was no significant difference found when incidences of infec-
tion were compared between sexes. There does appear to be a very real trend
from the perspective of age however in the incidence of bilharzia in child-
ten ranging in age from 0-5 years, to 12 years (Tables 1l and 1lla). Start-
ing with 93% of normal urines against 4% bilharzia at age 0-5 years,a de-
cline in normal values is noted at age 6 to 87% normal versus 6% bilharzia;
86% normal versus 7% bilharzia at age 7; 84% normal versus 11% bilharzia at
age 8; 79% normal versus 14% bilharzia at age 9; 77% normal versus 18% bil-

harzia at age 10; 75% normal versus 21% bilharzia at age 11 and 75% normal
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versus 22% bilharzia at age 12. From this data, a probable interpretation
may be that the older the age of the children the greatexr the opportunity
for them to become infected. It is also reasonable to assume that in older
age groups an even higher inclidence of urinary bilharzia might be encoun-

tered.

The school health survey for intestinal parasites was conducted on '
792 school children in the Manzini district. Fecals werg collected and ex-~
amined microscopically for evidence of parasitic infections and the results
are shown in Table 13. The parasite showing the highest rate of infection
was Ascaris lumbricoides (roundworm) with 13% of the children infected. In-

testinal bilharzia constituted less than 1% of the total parasites found in
stools. This number is surprisingly low in view of the large numbers of

Biomphalaria sp. (the intermediate host of S. mansoni) found in various

areas of Swaziland. It is felt that the fiqure obtained is not representa-
tive of the true incidence of S. mansoni for reasons which may be due to
to the number of samples examined, low level of S. mansoni infections and

others.

Other parasite eggs found averaged approximately 4% of the total
school population examined and included amoebas, tapeworms, penworms and

threadworms among others (Table 13).

2 survey was conducted by MOH to obtain some information concerning
the incidence of bilharzia in areas where irrigation, surveillance and wa-
ter-treatment was occuring or not (Table 14). Specimens (fecal and urine)
were taken from 13,677 children ranging in age from 0-15 years. The total
number of fecal specimens examined was 3,675 while 10,002 urine specimens
were examined. The results of the urine and fecal examinations are shown
in Table 14. Of the 3,675 fecal specimens examined 9% were positive for
S. mansoni while 34% of the 10,002 urine specimen were positive for
S. haematobium. Of the six areas surveyed, only three were done for fecal
samples. Fecal samples were apparently more difficult to obtain than urines.
The results however do point out that S. mansoni infections are nevertheless

quite prevalent.
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The results of a survey for S. mansoni and S. haematobium conducted
by a school health team in each of the four geographical districts of
Swa=iland during the months of MNov. 1976 and March 1977 are shown in Table
15. The Hhohho, Manzini and Lubombo districts showed the highest infection
rates for S. haematobium respectively. S. mansoni infections were detected

only in the Manzini district.

The results of a school health team survey for urxinary bilharzia in the
Manzini District as recent as March 1977 is shown in Table 16. A total of 650

children vere examined and 105 positive cases were found for 2 16% infection rate.

At the Central Public Health Laboratory in Manzini, the urines of 685 preg-
nant ferales (Table 17) were examined for presence of S. haematobium eggs during
Jan 1977 to May 1977. & total of 83 cases were detected for a 12% infection
rate. At the same laboratory the urines of 198 military personnel were exam-
ined ard 46 cases of S. haematobium were detected for an infection rate of

Twenty- three (23%) percent (Table 18).

B) Private Sector Health Data and Statistics

Data was obtained from the CDC/SIS clinic files concerning the number
of cases seen during the years of 1973 to 1977. The data as shown in Table
19 gives percentages of employees infected at CDC/S1S. ‘This data should
not be taken as a true indication of the incidence of bilharzia at the
CDC/SIS since only patients with complaints are seen and specific diagnosis
of the disease 1s not based on vresence of sghistosome ova but on symptoma-
tic evidence. The data, however, serves to underscore a major problem and
that is the need for the private business sector to work with the GOS in
identifying the extent of the Bilharzia problem on the various sugar, cit-
rus, rice and fisheries enterprises and then to collaborate in attempts to

control the disease.

To summarize, the results of various surveys conducted since 1976 to
1977 for both urinary and intestinal bilharzia by the MOH of Swaziland
reveals that the disease is widespread especially among school children
of grades I and II and up to ages of 15 years. Smaller surveys con-
ducted on pregnant females and military personnel show that the disease 1is

present at relatively high incidences among adults. The data from the sur-
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veys presented also show that EXaminatlons are more frequently than not,
conducted on urines rather than on fecal specizmen. This apparently sug-
gests that S. mansoni is under-reported. However, in surveys where exam-
inations for S. haematobium and S- mansoni were corducted simultaneocusly,
S. haematobium was clearly the predominate species. The presence of other
parasitic infection was also clearly shown and there is no doubt that pa-

rasites such as Ascaris lumbricoides (roundworns) is a problem among

small children where poor sanitation with great numbers of Ascaris worms

are found may lead to nutritional deficiencies and intestinal obstruction.

It has been argued that bilharzia does not affect the life of its
human host, that they can live just as easily and well as those unaffected.
Outwardly, this may appear to be so but the effects of the parasite upon
the organs of the body can only lesson the ability of the body to perform

its function. Bilharzia has four stages of development;

a) Invasion by the parasite
b) Maturation to the parasite
€) Acute stage of the disease

d) Chronic stage of the disease

Recommendations:
The following recommendations are rresented by the various sections

of the MOH of Swaziland for inclusion in this report:

1) Education of people to limit contact with streams or rivers in-.
fested with bilharzia - i.e., no bathing, swimming, or wading. 1In
areas where people must ford streams, inform them of the necessity
of wiping themselves dry after leaving the water. Government and
community paricipation in the construction of footbridges and over-
passes near bilharzia infested waters would be helpful.

2) Provision and use of safe water for washing and drinking - if con-

. teminated water must be used for these purroses, encourage people
to boil their water or allow the water to sit for 48 hours before
use so that the infective organisms die.

3)  Adequate toilet facilities - how successful this measure is will
depend to a large degree on an individual's financial resources to

create such facilities for his family and then, of course, an ind-
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ividual's willingneés to use toilet facilities. A possible solu-
tion could be governmental encouragement of communities to subsi-~
dize the construction of inexpensive facilities at individual
homesteads.

4) Education of the populace to use tollet facilities so as not to
contaminate water supplies with infected urine or stool. This
reasure car only be effective when there are sufficient toilet
facilities.

5) Treatment of rivers, pools and other water reservoirs with mol-
luscicides to control the intermediate snail hosts of bilharzia.

6) Mass treatment of heavilty infected seqments of the population.

Malaria: During the course of the advisory team's travels through-
out Swaziland to accomplish its mission frequent statements were made by
various persons in regard to the increase in malaria cases during the
past several years. Definite evidence of this increase was provided by the
malaria unit of the Public Health Laboratory in Manzini. This data is
shown in Tables 20, 21, and 22. During the period from July 1, 1973 to
June 30, 1974 a total of 70 casas were detected; during July 1, 1974 to
Jure 30, 1975, 165 cases were detected and during July 1, 1975 to June 30,
1976, 210 cases were detected. This data reflects a:significant increase

during the period of 1973 - 1977.

Resistance of mosquitos #u DDT and Dieldrin were observed by the
malaria unit. The data which suggests this resistance is shown in Table
23. Statements were made by various Public Health and Private Clinic
staff that deaths had occurred recently from malaria. No statistical data

concerning these dea'hs were obtained.

XII) The Treatment of Human Bilharzia in Swaziland

During the course of our visits to various public health facilities
operated by either the GOS or private industry, an opportunity to discuss
the various regimes used in treatment of bilharzia was afforded. The treat-
ment rationale varied according to facilities visited and by School Health

Teams.
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Ethenol (Hycanthone) is used by the medical staff at CDC/SIS clinics
to treat patients who are examined and show no liver enlargement but have
other symptoms of bilharzia. If liver enlargerment is present the drug Am-
bilhar is used. Serious side effects are reported at CDC/SIS especially

frea Europeans who are treated with Ambilhar.

The medical staff at the Big Bend Clinic have susprnded the use of
Ethenol due to side cffects experienced by patients. The most cormon side
effect experienced was vomiting. At the present time, Ambilhar is the
drug of choice. The cost of the treatment regime for E*henol was R9.60

and currently the cos%: for the treatment regime for Ambilhar is R3.66.

The School Health teams are currently using the drug Bilarcil (Metri-
fonate) and Ambilhar in a treatment program under the direction of the med-
ical officer. For schools located in remote regions, urinary bilharzia is
treated by the School Ilealth Teams using drugs dispenced by the medical of-
ficer at the Central Health Office in Manzini. For those schools with a
high percentage of cases children are referred for treatment to the Govern-~
ment hospital or the bilharzia Control Unit of the Central Health Office in
Manzini. For schools with very low numbers of cases,children are treated im-
mediately upon diagnosis for S. haematobium with Bilarcil. For those cases
identified as S. mansoni the drug Ambilhar is used. The advisory team ob-
served that among those members of the School Health Team with whom discus-—
sions were held, no one was aware of the precautions which should be taken
when treatment with Bilarsil is.given. This was in spite of the fact that
each tin of tablets contained literature with printed precautions. The pre-
cautions to be taker to prevent serious side effects would be to identify
patients who have had previous exposure to substances inhibiting cholines-
terase and possibilty not treat them. Such side effects occur .ir patients
who have had previous exposure through handling or coming into contact with
organophosphate compounds ised for plant protection, eradicating insects
or for antihelminthic treatment of animals (see Appendix 4). The medical
staff at the CDC/SIS clinic espressed great concern over the dispensement
of this drug by the School Health Team at the CDC/SIS. The organophosphate
compounds are used in sprayingecitrus fruits, cotton, and sugar as well as

being used for antihelminthic purposes.
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The rural clinic at Nkwade visited refers all bilharzia patients to
a doctor who prescribes Ambilhar in that region. A summary of the doses
used for each of the above drugs is as follows:

Ethenol:
a) Single Im dose at 2ml/k¢ or less

Ambilhar:
a) 14 tablets of 100 mg. each for 7 days
b) 28 tablets of 400 mg/day for 7 days

Bilarcil.,
a) A single dose of 7.5 - 10 mg/kg is taken once every

two to four weeks to a maximum of three doses..

Recommendations:

1) More direct supervision of persons dispensing antischistosome
drugs is urged.

2) Coordination of treatment programs between MOH and Clinics in
private sectors is éncouraged.

3) More clinic nurses should be involved in the decentralized

treatment of bilharzia.

XITY) Suggested Life Forms which should be Investigated as Possible Biolo-

gical Control Agents.

Although biocontrol appears to be an attractive alternative to use of
molluscicides and possibly to engineering approaches, the subiject is still in
its infancy and can only be suggested as a possibility at the present time.
Nevertheless, basic research into biocontrol methods and field testing of

likely methods should be encouraged.

In Swaziland, the CDC/SIS Bioloaist and the Peace Corp Volunteer-Biolo-
gist at the Central Public Health Laboratory both have plans to conduct in-

vestigations to identify possible indigenous life forms which could be used
to develop a biological control technique for the purpose of controlling the
snail intermediate hosts of schistosomes. Discusslons with the two biolo-

gists have led to the following list of possible antagonists, predators and

competitors.
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1) Non-human trematodes against schistosomes and their snail
intermediate hosts.
a) Echinostones as antagonists.

2) Non-human schistosomes against human schistosomes.
a) Bird schistosomes as antagonists.

3) Microsporida sp.

4) Indigenous snall species
a) Indigenous snail species which might serve as competit-
ors against snail intermediate hosts of schistosomes.

5) Predators

a) Turtles
b) Ducks
c) Ergots
d) Rodents
e) Snakes
f) Fish

i) Talipia sp., catfish and other species
g) Insects

i) Sciomyzid flies

ii) Water beetles

6) Poison plants

Recommendations:

1)

2)

There is a reasonable risk to the introduction of new species in
the existing biotype. It is strongly suggested that all invest-
igations concerning the use of life forms for developing biologi-
cal control methods be carried out with those forms which are
indigenous only to Swaziland.

There is considerable literature available concerning what has
been done in the area of biological control. This literature
should be thoroughly consulted before any effort is put forth in
this regard. Appendix 5 is a recent publication by the World
Health Organization on this subject. The publications of

Ferguson should also be reviewed.
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X1v) Chemical Control of Snails in: Swaziland

A xeview of the snail control methods in Swaziland can be found in
the Jobin/Jones consultation report of Rebruary 1976. This report also
contains cost analysis for the use of chemicals in the snail control pro-
gram. Simular information as presented in the Jobin/Jones report was ob-
tained by this advisory team concerning the mollusciciding campaign from
1970 to the present time. To briefly sumarize, the snail control program
employing chemicals has been in operation since 1970 Various programs
have been carried out either by private concerns and/or the Swaziland
Government. At Big Bend, the Shell Company of South Africa carried on
unsuccessful mollusciciding campaigns which were discontinued after sever-
al years. The Shell and Bayer Companies have also carried out mollusci-
ciding campaigns at CDC/SIS in rice cultivation as well as other areas and
the program was discontinued after several years. At the present time the
antisnail campaign at Big Bend is ca;ried out by the Bilharzia Unit of the
Central Public Health Laboratory in Manzini. Frescon and Bayluscide are
used according to the local.conditions. A description of the spraying
techniques and recommendations are presented under section VIII of this xe-
port. At CDC/SIS the management has agreed to take on complete responsi-
bility for control of bilharzia within their domain. A biologist has been

hired (as previously mentioned in this report) for directing the program.

The effectiveness of the two molluscicides in use are as follows:

Frescon is very active against Biomphalaria sp. Its drawbacks are that it

is ineffective against snail eggs and is hydrolysed rapidly is acid ph wa-
ter (at ph 8 its half life is 100 hrs., at ph 7, 10 hrs). Frescon can be
drip-fed for long periods without altering the irrication practice in use

in the particular area. Bayluscide is active against snail eggs. When
using Bayluscide it is quite often necessary to alter the irrigation pattern

in use by emptying the dams before treatment.

Recommendations:

1) A shorter interval for sampling of snail populations to determine
initial kills and re-population rates.

2) Flacing of caged snails in the water bodv to determine the effect-

iveness of the molluscicide in killing of snails.
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3) Analysis of water after spraying to determine success of spreading
of chemicals.

4) Search for snail eggs.

XV) Use of Syphon Spillways in Curxent and Mewly Constructed Dams (Recommen-

dations from Jobin/Jones revort).

The meetings to discuss the Jobin/Jones recormendations for use of sy-
phon spillways in currently used dams and those to be constructed in the fu-
ture were he1d~in conjunction with general discussions on irrigation as car-
ried out in Swaziland. It was pointed out that in Swaziland the general aim
was to put all irrigation water in a pipe. Swaziland has a problem with
poor land preparation and water control. Many farmers do not believe that
they need to use a land plane. The Ministry of Works, Power and Communica-
tion and Agriculture receives requests to do jobs for other agencies, i.e.,
provide a water source at the base of a dam for a school water system. Lo-
cal persons do become involved with some of these projects. The water eng-
ineer and land planner with whom discussions were held concerning the syphon-
spillways expressgd some reservation ébout the practical aspect of the syphon-
spillway when used on large dams or reservoirs due to the cost of installa-
tion, large water losses and size of syphon required to obtain the draw down
rate required. Some areas only receive water during one period a year so
losses could not be replaced and fluctuations would not be frequent enough

to be effective for snail control.

It appears that there may be a problem of misinterpretation of the
Jobin/Jones report in regard to their recommendations. Jobin's report does
recognize that syphons are restricted to set conditions and not applicable
to large reservoirs. It was suggested by the GOS engineers and land planners
that an alternate method might be to control the drawn down by a manual con-
trol gate which might waste less water and cost less to construct. It should
be rointed out that none of the above suggestions and/or comments were made
in the tone of a lack of cooperation. It was generally agreed that syphons

should be tried initially but on a few selected dams.

In general, for water supplies, collector systems are used, i.e., in-

filteration galleries, as the ideal is to try for sub-surface systems, that
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is putting all water in a pipe. Water harvesting was discussed and it was
generally agreed that this should be encouraged. Spring development which
has been overlooked in the past was being encouraged. Yor water which is
supplied by the Agriculturs Ministry, a minimum of 25 gal/house with a max-
imum of 40 to 50 gal/house if possible.

Recommendations:
1) In addition to the excellent results obtained by Jobin in Puerto

Rico by manipulation ¢f water levels, simular results have been

obtained in lakes of the Tennessee Valley Authority where growth
of rooted aquatic plants has been prevented completely leaving
an environment that is unsuitable for larvae of Anophele sp. to
survive. This method should be tried initially on a small scale
to determine its feasibility.

2) Other methods such as relocation of canals and irrigation ditches,
filling of gravel pits and etc. should be tried as is done in the
People's kepublic of China.

3) The control of irrigation water should also be tried more exten-
sively than is practiced. Using rapidly flowing water at all
times should be extensively tried.

4) The complete removal of all aquatic vegetation and its continued

prevention as practiced in Israel is also stressed.

XVI) Conference for Discussion of PID and Review of AXID/PID Team Activities

in Swaziland.

A final meeting was held with representatives of Minsitries concerned
with the establishment of a "Safe Rural Water Supply” in Swaziland for the
purpose of discussing and approving the PID and to review the activities of

the advisory team. The following persons were in attendence:

Ministry of Health

Mr. M. Dlamini - Permanent Secretary

Dr. F. Friedman - Director of Medical Services

Mr. A. T. Green - Health Planner

Mr. K. Vanayagan - WHO i/c Health Assistant Training Unit
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Matron Dlamini - Public Health Unit

Mr. L. Menouta - WHO Health Educator

Dr. M. Felze ~ WHO (MCH/FP) Physician (Team Leadex)

Mr. P. Mathews - Hgalth Inspector, Acting i/¢ Malaria/Bllharxrzia Unit
Mr. J. Bailey ~ School Health Team

Mr. A. Guyre ~ Laloratory Technician

Ministry of Works, Pover and Communication

Mr. Nathan - Senlor Water Reservoir Engineer (FAO)
Mr, S. Day - Water Engineexr

Ministry of Agriculturas

Mr. F. Perentchek - Water Engineer

U.S. Exmbassy (AID Offica)

Mr. J. Kean - AID
Mr. B. Bahl - Assistant Program Office -~ AYD
Mr. R. L. Wrin - Swaziland besk, AID/Washington

AID/PID Team

Dr. John I. Bruce - Dean, College of Pure and Applied Science,
University of Lowell

Mr. Gladwin O. Unrau - Sanitary Engineer, Rockefeller Foundation (USA)

Mr. Lewis E. Swanson — Dept. of State, Nairobi (ID), Kenya

The excellent attendance, with representation from all sectors of govérn-
ment services, and AID, invulved with water resources development and Public
Health indicated the interest and awareness of the water-health relationship.
Dr. Bruce summarized the team's activities. Then followed a presentation
of the AID/PID teams recommendation (PID) for rural safe water supply with

emphasis on control of schistosomiasis. A general discussion of recommenda-
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tions followed. During this discussion there were inputs by everyone, dem-
onstrating a general intersst in the subject by the various Ministry repre-
sentatives. There was a great deal of discussion on the reorganization of
the Public Health Laboratory under the Central Laboratory Services at Man-
zini. There was considerable discussion on the wmerits of centralization
versus decentralization of Laboratory.services. No firm conclusion was
reached and further consideration will be necessary based on a final review
of the advisory team's recommendation,Also strongly stressed was the need

for cooperation between the private sector and government in the future de-
velopment of water resources and control of water related diseases especially
Schistosomiasis. The Permanent Secretary of Ministry of Health asked for
advice and assistance to aid in the organization of a national schistosomia-
sis control program and a safe rural water system. He pointed out that Swa-
ziland needed help. Mr. Xean, AID Director, responded by stating that AID
was interested in assisting Swaziland in the development of projects for safe

water supplies and the control of water borne diseases.

Dr. Friedman noted that Swaziland was a small developing country with
good resources such as water which needed to be develop=d and that contrdl
of bilharzia and other water related diseases was an important aspect of
the water resource development. At the same .time there are constraints,
such as the lack of trained personnel, identifyinyg trainable personnel and
the scattered nature of the poulation which must bg overcome. She stressed
that some central organization which controls and directs the national rural
water supply program and malaria and schistosomiasis program is needed and

would be sought.

The need of good rapport and interaction between the various ministries

as well as elimination of duplication among various agencies was also discussed.

XVII) Meeting with Dr. Michael Dlamini (Geneva, Switzerland) to Brief and

Discuss the PID (Mr. Unrau's report).

Mr. Unrau visited Geneva to brief Dr. Michael Dlamini, Medical Officer,
Ministry of Health, concerning the PID and other recommendation put forth by
the advisory team. He thinks the PID reflects much of what government of
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Swaziland would like done.

He expressed concern about the intexrim period between now and possible
project implementaition. He believes the AID/PID team discussions on labor-
atory organization and re-organization could be useful. The problem of the
private sector with regard to lack of interast in improwving sanitation and
health was mentioned by him; he thinks government may be partially at fault
for not providing a mandate to private sectors to comply with good health

practices.

Also discussed was the problem of finding suitable local personnel for
training. There is a shortage of perseons suitable for training to fill the

position of the Technical assistant on AID projects as proposed.

He spoke highly of the activities of Village Health Visitors in the
Piggs Peak area and feels the Honme Economic/Mutrition sections' evaluation
is not quite current as to the demand and rate of Latrine installation.

He regretted that the advisoty team did not visit the Piggs Peak area.

XVIII) Suggested Equipment and Supplies for laboratory, Offices and Storage

Facilities.

During the conference held to discuss the PID and the advisory teams
activities a request was made by the Senoir Medical Officer to prepare a list
of equipment and supplies for the recormended laboratories and storage fac-

ilities. The following list is submitted:

Laboratory: Chairs, tables, air outlets (need control compressor for
this), gas outlets (a control gas service), hot and cold water services,
sinks (at two for each laboratory), air conditioners {(for all laboratories).
Laboratory working tables should have a minimum of 125 sq. ft. working area.
These tables should be covered with laminate. Vacumn.pumps or a vacuum line
in each laboratory (especially the snéil laboratory and insectary). Examin-
ation tables, desks, folding beds or cots in treatment rooms (4), typewriters,
Typewriter tables, animal cages and racks (for mice and hamsters), water

bottles and feeders for animal cages and racks, card holders which attach to
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animal cages for identification of experimental animals, table centrifuges,
floor centrifuges (non-refrigerated), book cases, microscopes (at least §
binocular and s disecting), water flowing devices, continuous recorder for
water temperatures, balances (3), air pumps (6) glass aquaria, air stones,
rubber hose (assortment of sizes), ph meters (2), refridgerators (4), stop
watches, protective clothing for persons working in snail laboratory and

on snail field survey teams, Autoclaves (2), glassware washing apparatus,
apparatus for use in analusis of molluscicide in ‘water after spraying, cages
to be used in exposure of animals in infected water-bodies to check for pre-
sence of cercariae, polaroid land camera and film for taking on the spot
photographs of unusual situations, storage cabinets, telephones, file cab-
inets, recork files (for record of persons treated with drugs), snail sur-
vey equipment (scoops and hand sprayers), map cabinets, shelving (for snail
laboratory and other types of laboratories), equipment for health educa-
tion (movie pProjectors, slide prcjectors, film, cameras, microphones, tape

recoxders, record players, screens, and overhead projectors).

Expendable supplies: Chemicals (formalin, alcohol, sulfuric acid),

filter paper (assorted sizes), methiolate, biological stains, microscope
slides, urine vials, fecal collection cups, glass vials with ecrew caps
(assoxted sizes), rubber surgical gloves, leather gloves, adhesive tape,
masking tape, labels (assorted sizes), maps, graph paper, drawing instru-
ments for map making, animal Ffeed (for mice and hamsters), sodium chloride,
other chemicals as needed by staff, rubber hose (assorted sizes), glass-~

ware (beakers, volumetric flasks, petri dishes, desicators, and etc.).

Storage room: Shelving (assorted sizes), brooms, mops, buckets, tool

kits (for use by maintenance personnel).

Pharmacy issue room: Desk, chairs, storage cabinets, refridgerator

(for storage of perishable drugs), file cabinets, balance and shaker.
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Results of Snall survey o

TYDPe of

Table 1

Big Bend Sugar Estates (May 10, 1977)

Dam @1

Canal B1

Species of tumber Number of
Water Scheme Snails Found of Dips Snails Found
Buliius tropicus 53 48
Biomphalaria Sp. 53 146
Van Ebb Dam ND ND ND
Mclanoides sp. 15
(near Dam #)) Bulinus tropicus 2 5
Canal near Van Bulinus physopsis 2
Ebb Dam Iymnea sp. 2 6
Melanoides sp. 2 34
Biomphalaria sp. 6 S
Drainage Pond Bulirus tropicus 6 50
Bulinus physopsis 6 96
Iymzea sp. 6 26
Melanoides sp. 6 5




Table 2

Result of Snail Survey Conducted at Southern Rural Development Areas

(SRDA) and the Taiwan Demonstration Rice Farm (May 13, 1977)

Type of Species of Number
Water Scheme Snails Found of Dips
Dam none 12
Canals (unlined)* none 10
Irrigation Canals none e

to Rice Field

Fish Pond none 15
Rice Paddy Field none dry field
Ram Pumping Station none 12

* Canals at Taiwan Rice Demonstration Farm and at SRDA contained

vegetation and appeared suitable as snail habitats.



Table 3

Species of Snails Observed at Various Water Schemes

at CLC/SIS Mhlume; Swaziland. (May 12, 1977)

Type of

Water Schemes

Species of

Snails Observed

Dams

Drainage Ponds

Rice Paddy Field

Irrigation Canals-

Bulinus bulinus ?

Bulinus sp.

Biomphalaria sp.

Melanoides sp.

Biomphalaria sp.

Lamistes sp.

Biomphalaria sp.

Bulinus sp.

Bulinus globoscus

Lamistes sp.




Table 4

Results of Urine Examinations Detecting Urinary Schistosomiasis in School
Children (ages 7-9) in the Hhohho District of Swaziland (st. rFlorence School; May 17, 1977)

Number Number of Percent

Examined Positives Positive

52 22 42.3




Table 5

Results of Fecal Examinations of School Children (ages 7-9) in the HKhohho

District of Swaziland (St. Florence School; May 17,1977)

No. of Persons Types of Parasitic No. of Persons Percent of
Examined Infection Detected Infected Total
52 Entamoeba histolytica 8 15.38
52 Entamoeba coli 27 51.92
52 Endolimax nana 16 30,77
52 Iodamoeba buetchlii 10 19.23
52 Ascaris lumbricoides 7 13.46
52 Ascaris lumbricoides (UF)* 2 3.85
52 Giardia lamblia 4 7.68
52 S. haematobium 2 3.85
52 S. mansoni 1 1.92
52 Chilomastix mesnili 1 1,92
52 Hymenolepis nana 1 1.92
52 No speciman 2 3.85
52 Parasite-free 8 15,38

*(UF) - Unfertilized eggs; MIF-Direct smear method was employed in this

examination.



Table 6

Analysis of Blood Films (Examined on May 17, 1977 )for Malaria Parasites at Mafutseni Nazarene School (ages 5-46)

Manzini District

No. of Films Examined % Positive % Negative
No. of Males Examined 26 . 0 100
No. of Females Examined 61 o] lo0
Total 87 * o 100

* 87 thin and 87 thick films



A)

B}

C)

Table 7

School Children of Grades I and II Examined

By District No. %

Hhohho 2993 31
Manzini 2260 23
Shiselweni 2081 21
Lubombo 2463 25
Whole Country 9797 100
Type of Areca Yo. ]

Urban 2072 30
Rural 6825 70
Total o797 120
Type of Examination Yo !

Height, Welight Q%2 83
Nutritional Standard 9507 o7
Eyes a722 a9
Ears 0247 a9
Urine Specimens 9434 96
Total Examined 9797 100

Age Male Female Total
Under | No. 134 144 278
6 % 3 3 3
6 No. 718 739 1457
2 15 15 15
7 Yo, 1102 1228 2330
22 25 23
a Yo. 1074 1055 2129
L 22 22 21
i
a N0, €644 604 1248
% 12 13 12
T
0 vwo. 362 309 671
‘ % 7 6 6
11 ]Ko. 169 131 300
LY 4 3 3
12 No. 268 225 493
% 5 5 5
Unknown | No. 442 408 850
% 9 8 ]
Total No. 4944 4853 9797
% 100 100 100




Table 8

Schools Visited by District and Type of School

Society Segments

Type of School Community Mission Private Whole Total ﬁg?gz;
Company Country gxzm hed
District L Urban Rural Rural Urban Rural Urban Rural Urban Rural] No. 3 Yo. 3
Hhohho 2 2 4 9 15 - - 11 21 32 25 2993 31
Manzini 5 1l 6 9 g - - 14 16 30 24 2260 23
Shiselweni 2 6 8 8 7 - - 10 21 31 25 2081 21
Lubombo 1l 2 7 G 15 1l 1l 8 25 33 26 2463 25
Whole Country 10 11 25 32 46 1 1l 43 83 126 100 9797 1100

Total No. 21 25 78 2 126

% 16 20 62 2 100




Table 9

Examination Results by Distrxicts (Percentages)

Districts Hhohho Manzini Shiselweni Lubombo Totals
' % % % % L]
Total Children
Examined (#) 2994 2260 2081 2463 9797
Immunization Vaccination:
B.C.G. 74 75 s8 52 66
Small Pox 76 82 61 53 69
Height:
normal 98 98 100 89 96
over bl - 3
under - 1
Weight:
normal ag 98 100 89 96
over 1 2 - 7 3
under 1 - - 1 1
Posture:
normal 99 o8 100 99 99
not normal b} 2 0 1l 1
Nutrition:
good 95 85 o8 83 90
fair 13 15 9
poor 2
referrees 1 0 1
Ringworm 3 17 0 5
Skin defects 1 12 5 5
Other defects 2 3 1 2




Table 9a

Districts Hhohho Manzini Shiselweni  Lubombo Totals
3 ] L ] L ] L ]

Eyes:

sight normal 98 98 99 99 98
sight defective 2 2 1l 1l 2
Defects:

cornea 0 0 - 0 0
conjunctivitis 1 1l 1 0 1
strabismus 0 1l - 0] 0
other defects 0 2 0 0 1
injury 0 0 - 0 0
referrals 2 3 1 1 2
Ears:

Hearing normal 100 99 100 100 99
Hard of Hearing 0 1 0 0 1
Defects:

inflamation 0 0 - 0] 1
perforation 0] - 1 1l
blockage 5 13 0 (o] 4
anomalies 0 0 - - 0
Otitis Media 1 2 0 1 1
Otitis Externa 0 0 - 0 0
Referals 3 3 1 1 2
Dental Examinations:

teeth normal 67 57 39 : 49 66
teeth missing 0 - 0 0 5
dental caries 32 40 52 29 37
Abnormalities:

gums 0 2 0 19 5
over retained teeth 0 3 0 1 1
crowding 1 1 7 2
other defects 1 2 1 23 7
referals 26 0 40 - 17




Table 10

Examination Resulta by Type of School Area (Percentages)

Type Urban  Rural Type Urban  Rural
9 2 2 2
No. Children exam. 2972 6825 No. Children exam. 2972 6825
Immunization Vaccination: Ears:
B.C.G. 65 66 hearing normal 99 100
small pox 74 67 hard of hearing 1 (0]
Defects:
Haicht: inflamation 1l (0]
normal 97 96 perforation 1 (0]
blockage 7 3
over 2 3 anomalies 0 0
under 1 1 otitis media 1 1
908 otitis externa 0 0
veight: referrals 3 2
normal 97 96
over 2 3 Dental Examinations:
under 1l 1
teeth normal 52 56
Posture: teeth missing 0 0
dental caries 44 35
normal 99 99 Abnormalities:
not normal 1 1 gums 5 6
over-retained teeth 1 2
Nutrition: crowding 2 3
good 91 90 other defects 4 8
fair 8 5 referrals 22 18
poor 1 1 . . . .
referrals 1 0 Urine Specimen Examinations:
ringworm 5 6 normal 96 85
skin defects 5 4 red blood cells 10 12
other defects 2 3 white cells 7 7
bilharzia 11 12
Eyes: other parasities 0] 1
sight normal 98 99 sugar - -
sight defective 2 1 other abnormalities 1 2
Defects:
cornea 1 0] Children without defects or
conjunctivitis 1 1 abnormalities:
strabismus 1 0 30 37
other defects 1l 1l
injury 0 0
referalls 4 1l




Table 11

Bxaminatlon Results by Sex and Age

Aje 0-6 6 7 13 9 10 11 12 tinlcnown| Total
B G B ¢ |B G |ID Gl|B GlB G |B G |b G B G IB G
Exanination L T Y Y L T L3 LI 3|2 1 |3 % |2 % % LA )
¥o. children N @ v <+ o
. A (0] [e2} &) o~ o~ [7q] hS 4 A5 N (o2} ) —{ XO [Lg] o™~ [e0] A3y (Vs ]
exanined Ao A o H O ~NJo ol ol o W mlb & v Ol o
e — «w [ gad b4 (] —~ — O [} (4¢] (2] { - x~ o~ < < S bty
Im~unirzation Vacciniftion:
B.C.G. 52 4932 65 |66 67 |72 6468 67 77 65 |56 66 |61 63 {56 54 |66 64
small rox 64 576 73 |72 65 (74 68 69 67| 74 68|65 69 |64 64 |58 53|70 67
Holght:
nornal 97 94 (97 97 {95 98 {97 961 95 95| 92 94 |99 94 |99 98 - =196 96
over 2 312 2 4 1 2 3 3 4 7 3 - 4 l 1l - - 3 3
undar 1 311 1 l1 1 l 1 2 1 1 3 1 2 r 1l - - 1 1l
Welight:
nor-al 99 98 [26 97 |96 97 |97 97| 96 96 93 94 [99 95 {97 96 - =196 97
ovor 1 113 2 3 2 2 2 3 3 5 4 -1 1l l - - 3 2
under - 111 1 1l 1 1 1 1 1 2 2 l 4 2 3 - - 1l 1
Posture:
noroal 98 98199 98 198 99|99 99] 99 99f 99 99 |99 99 {99 99199 99 {99 99
nn* normal 2 211 2 2 1 1 1 1 1 1 1 1 1 1 1l 1 1 1 1l
Nutrition
Good 97 9592 92191 92188 90| 89 91| 90 90 |89 90 |91 91 84 8889 91
fair 2 51 7 7 8 8110 9110 8 910{10 9 8 9115 10 9 8
roor 1 -1 1 1 1 - T 1 2 1 l1 © 1 1 1l - l 2 1 1l
referrats 2 o 0 1 l1 © 0 0 0 0 0 O l1 O 0 0 0 0 0 0
ringworn 3 2] 6 6 6 6 6 5 5 5 4 3 4 3 2 1l 4 5 5 5
sxin dafect 6 41 4 8 5 4 3 5 4 3 4 3 2 1 2 1 6 4 4 3
other def. O 1] 1 3 1 1 1 1 l1 1 2 2 2 3 2 0 2 2 1 2
Eves:
normal 96 97197 98 {98 99|93 99 97 99| 99 99 (98 99|98 97|97 97|98 98
defective 4 3] 3 2 2 1 2 1 3 1 1 1 2 1 2 3 3 3 2 2
Defacts:
cornea - 1{ o - o - - 0 0 - - 0 - - - - 0 -{ O -
conjunctis 1 -1 0 0 1l 0 0 O 0 O 1 1 l - 2 2 l -] O -
scrabismus 1 1{ 0 o] o - 0 0 - - - 1 - - < o] 0 0 0 o]
other def- 1 -1 1 0 0 O 1 © 0O 0] "0 - l 2 1l - 3 1 0 0
injury - -0 -lo0o 0|l 0 -] ~ - - -l ~-~-]1 -~ =~ 0 0
referrals 5 41 2 2 2 1 1 1 2 1 1 1 2 1 3 2 1 0 2 -




Table 1lla

Examination Results by Sex and Aga

I

0-6 6 7 8 9 10 11 12 unknown Total
B G{h G B G B G B G B G|h G| B G B G B G
L Y LR % ® 9 ® % % 9 % % | % EY % 2 % % %
Ears:
normal 100 99(99 98 [99 99 |99 98 00 99 {99 100 [99 100/99 98 |99 98 |99 -
hard hcaring- 1] 1 1 l © 1 2 -. 0 1l -10 - 0 2 1 2 o} -
Defects:
inflamation 1 -1 0 - 0O 0 0 0 0 O 0 - - - - - l - 0 -
perforation - 10 0 o 0 0 O - 0 - 010 - 0 - 2 1} 0 -
blockage 4 215 5 6 5 | 3 4 4 4 3 313 3 2 - 3 3 4 -
anomalies - -| - o] 0O 0 o - - - - o|l- - - - o - 0 -
otitis media- -1 0 o} 2 0 2 2 0 0 1l 11 1 1l - 2 1 1 -
otitis extre~- 1t 0 - 0O 0 - 0 -~ 0 0 0~ - - 0 0 0 0 -
reforrals 1 1) 2 2 2 1 2 1 1 © 1 112 1 1 - 3 3 2 -
Dantal Examinationsd
normal 52 55155 50 |53 56 |60 56 |49 52 {56 55152 49 [48 30 [58 52 |54 -
teeth missing - - - - 0 o 0 O 0 O 1 0|~ - 1 - - 0 0 -

cental caries43d 36|41 43 |41 38 |33 37 [40 37 |33 3832 35 |33 43 |30 28 356 -

Defecta:

Gumis 1 -] 3 1 3 2 4 4 8 4 7 611 12 }17 16 9 7 6 -
over-retained 2 110 1 1l 0 {11 © 0 O 0 0|0 O 0] 0 0 0 1 -
crowding 4 61 2 1 2 2 2 3 2 2 3{1 0O 3 1 l 1 2 -
other def. 1 1|2 2 4 4 5 5 7 9 {10 11|10 12 14 24 9 5 6 -
referrals 32 22023 24 (23 21 {126 20 {20 18 |12 153 9 9 7 3 4113 -

Urine Examinations:

norimal 94 91|90 84 |88 B4 {85 83 |82 76 {72 77 {72 78 |74 76 [82 B6 |84 83
red blood cells
1 415 6 7 7 {10 11 {13 11 {19 1622 10 (21 18 |13 9 |11 10

white blood cells
1 5 10 egiln S 6 5 2 3 5 6

bilharria 3 5] 5 7 8 7 (11 11 {17 10 [19 17126 15 |24 20 {12 6 |12 10
other parasities
- -1 0 0 0O 0 0 0 0O ©o 0 10 1 0] 2 0 0 0 o]

sugar - - - - - - - - - - - - - - - - - 0 -

N-9
[s2)
-
wn
(5;}
(5;}
~
(o)

other abnormalities
1 2| 2 4 1l 2 l 2 0 1 2 171 2 2 2 2 4 1 3

Children without defects
40 40135 27 |33 34 |35 35 {34 38 |34 2 40 33 '32 27 |37 33 35 34




Table 12

Results of Urine Examinations (By Districts)

DISTRICTS
Abnormalities Hhohho Manzini Shiselweni Lubombo Totale
tennndol $ $ % $ %
Urine Normal 94 74 81 83 84
Red Blood Cells 5 16 8 16 11
White Blood Cells 1 22 1 6
Bilharzia 4 19 13 14 11
(S. haematobium)
Other Parasities 0 1 0 0 0
Other Abnormalities 1 7 2 l 3




Table 13

Results of Fecal Speciman Examinations in the Manzini District

No. Specimen Percent of

Results Examired Positives

792 100.00
Blood/Mucous 10 1.26
Bilharzia (S. mansoni)1 2 0.30
Ascaris Lumbricoides 106 13.40

Other Parasites:

Taenia species 5 0.63
Entor sbius-VermiCualoris? 13 1.64
Hymenolepis nana 6 0.76
Bacterial infections 2 0.25
Giardia lamblia 1 0.13
Enoebic cyst 1 . 0.13
Stongyloides stercolaris/
Stercolaris 1 0.13

1) Stool speciman examinations were only carried out by the
School Health Team working in the Manzini district; out of the 792
stool specimen examined, 122 were from Black Mbuluzi Nazarene Mission

School in the Hhohho district.

2) Found by indirect examination of urine specimen (Possible Con-

tamination).



Tabh>> 14
Result of Surveys for Incidence of Bilharzia Under Various Irrigated

Surveillance and Water-Treated Conditions (0-15 yrs. of. age)

IUS ' INUS INUSWT 1 NIUS NINUS ] NINUSWT
IR R O T A N I O P I N T B R T
°%% 8 § °3 % 6 © N 0 @ s 0 © MmN 0 O a0 9
+ O S [STA c O E A < C; O E a9 = 0~ 8 }—'a' [+0 =z (5 8 % o8 4 (5 8 .E O 4
AgeGroup '.gtgu: ol P :9.:28 C3 o ZIQL':U) o o = w & o e 02 oP P Z el -4 o
Stool Spec'man
0-9 418 7 93 - - = 553 13 87 938 6 94 - - = -— - -
9-14 257 5 95 - - - 532 9 <l 706 6 94 - - - -— - =
15+ 25 4 9 - - - 71 22 b 175 6 . 54 - - - - - -
All ages 700 7 93 == - - {1156 12 e8 | 1819 7 93 - - - - - -
Urine Speciman
0-9 578 15 85 157 60 40 575 19 8l 2426 23 77 463 47 53 167 35 65
9-14 466 18 82 103 67 23 561 16 84 2264 40 60 776 62 38 267 63 37
15+ 209 24 76 8 63 37 66 33 67 617 35 65 331 47 53 30 64 36
All ages 1253 18 82 268 62 38 1202 i9 81 5305 32 68 1510 54 46 464 53 47
Total of all IUS = Irrigated under surveillance
Stool Speciman {3675 9 91 INUS = Irrigated not under surveillance
INUSWT = Irrigated not under surveillance,water treated
Total of all NIUS = Not irrigated under surveillance
Urine Speciman {10,002 34 66 NINUS = Not irrigated not under surveillance

NINUSWT = Not irrigated ncc under surveillance, water
treated




Results .. Surveys Conducted by School Health Teams for Bilharzia (By Geographical District;Grade. Y61,

Tahle 15

_'March 77

Maxrch 77 March 77 Novemher 77 ¥ovemher 77 RNoverher 77
Highveld & Highveld & Highveld & Highveld & Lowveld & { Lowveld ¢
Middleveld Middleveld Middleveld Middleveld Lubombo Lukorbo
{Shiselweni (shiselweni {¥hohho (Manzini {Lubombo (Lukombo
" District) District) NDistrict) District) District) ~ District)
Nkungwini Franson Bulandzeni Fkutssimleni Sistsatsaden St. Charles
School School School School School School
Yo s v Yo d 5 [Sud 5 [Bg i v |Ywd 5 |Be 4 w
Grade 88 2 9 & 2 Ju A = s 0 & =z o0 B2 .0 & 2
Levels 28 o e 28 & ZU ® @ 20 o w 28 « o 28 o e
1 T
Grade I -— - 30! 52 23 { 20}
. haematobium 12.0-188.0 4.8-195.2 66.7133.3 40.4i59.6 8.7} 91.3 15.0/85.0
S. mansoni 2.0198.0 © 0.0]100.0
Grade IIX - - 12 54 24 32
S. haematobium 5.6(94,.4 1.7 |98.3 75.0(25.0 46.3153.7 12.5| 87.5] - 112.5{87.5
S. mansoni 0.01{100 0.0 }100.0 0.05100
Standard I - - 19 56 11 25
s. haematobium 7.0(93.0 1.6 |98.4 79.0121.0 64.3135.7 18.1] 8l.v 24.0{76.0
S. mansoni 0.01]100 0.0 | 100 0.0 |lo0
Standard II - - 14 49 10 27
S. haematobium 16.6(83.4 11.4 |88.6 %00 0.0 63.2 {3€.8 ¢.0 100 22.2(77.8
S. manscni ' 0.0 {100 0.0 { 100 0.0 {1C0
Standard IIX - - - 42 7 14
S. haematobium 25.0,75.0 11.5 {88.5 59.5 40.5 0.0 100 14.3(85.7
S. mansoni 0.0 100 0.0 | 100 0.0 |1C0
Standard IV - - - 36 o~ 8
S. haematobium 21.7178.3 22.2 177.8 72.2127.8 12.5(87.5
S. mansoni 0.0 [1CO |
Standard v - - - 23 NOTE s
S. haematobium 22.71{77.3 12.8 (76.2 65.2 i34.8 :
= - ; - LU | R ‘
s. mansoni 4.3 5.7 .= Data Not Supplieg

Standaru I to V)



Table 16
Result of School Health Team

Survey for Urinary Bilharzia in the Manzini District (March 1977)

School Total Urines Number Percent
Examined of Cases Positive
New Mbuluzi - 36 1 2.7
Mafutseni, R.C. 54 2 3.7
Mafutseni, Nazarene 32 1 3.1
Emtfonjeni 45 2 4.4
Dameseko 19 0 0.0
Esigombeni 31 1 3.2
Mpembekati 47 1 2,1
Ekukhanyeni 97 N 10 10.3
Nyakeni 49 12 24,5
Engwazini ' 50 . 11 . 22.0
Buekinkhosi 99 3¢ 34.3
Luthosha 38 16 42,2
Ekutsimleni 53 14 26.4

Totals » 650 105 16.1




Table 17

Number of Urinary Schistosomiasis Cases Detected in Pregant Females at the Central Public
Health Laboratory, Manzini (January 1977 to May 1977)

Number Number of Percent

Examined Positives Positive

685 83 12




Table 18

Number of Urinary Schistosomiasis Cases detected in Military Personnel at the Central
Publiic Health Laboratory, Manzini (March 17 to May 17, 1977)

Number Number of Percent
Examined Positives Positive

198 46 23.2




Table 19

Number of Schistosomiasis Cases at the Commenwealth Development
Corporation's Swaziland Irrigation Scheme (CDC/SIS), (1973 to 1977)
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*Clinic staff checked along with patients complaining of symptoms

Other cases are patients with complaints.

+inic staff not complaining).



Table 20

Analysis of Blood Films Examined for Malaria Parasites
(July 1, 1973 to June 30, 1974)

—~—

July-Sept.|{Cet.~Dec.| Jan.-Mar.| Apr.-Juns Totalis
Total rilms Examined 4001 7003 6870 7520 25394
Age Crouping of Infant 239 493 325 502 1560
Films Child 1020 2380 1955 2776 8131
Adult 2742 4130 4590 4241 15703
Total Immigrant Filwms 70 138 122 140 ‘470
' Age Grouping of Infant 6 16 9 7 38
Films Chiid 12 27 31 32 102
Adult 52 95 82 101 330
Territorial Div- P.E.N. 27 43 13 36 119
ision of Immi- Z.L.D. 2 27 6 10 45
grant Films T.V.L. 41 18 102 94 305
Othars - - b} - 1
Totil Indigernous Films 3931 6865 6748 7381 24924
Total Positives - 4 31 35 70
ge Grouping of Infant - - - 1 l
Positives Child - 1 14 12 27
Adult - 3 17 22 42
Total Immigrant Positives - 2 18 10 30
Territorial Div- P.E.A. - l 16 10 27
ision of Immi- Z.L.D. - - 1 1 1
grant Positives T.V.L. - - 1l 1 l
Others - 1 - - 1
Total Indigenous Positives - 1 8 15 25
Pos. (source not yet known) - 1l 5 9 15
Ratio of Indig- in | Im In Im { In Im | In | Im In { Im
enous Immigrant Infant - - - - - - 1 - 1 -
Positives in Age Cchild - - 1] - 2 8 4 3 7 11
Groups Adult - - 1 2 6 10 10 7 17 | 19
TCTAL - - 2 2 8 18 15 | 10 25 30




Table 21

Analysis of Blood Films Examined for Malaria Parasites
(July 1, 1974 to June 30, 1975)

July-Sept.| Oct.-Dec. | Jan.-Mar. | Apr.-June Totals
Total Films Examined 3892 7612 8740 16837 37081
Age Grouping of Infant 220 534 567 1035 2346
Films Child 1062 2960 3388 €722 14132
Adult 2610 4128 4785 9080 20603
Total Immigrant Films 22 59 100 17 258
Age Grouping of Infant 1 3 5 4 13
Films Child 7 15 17 15 54
Adult 14 51 78 58 191
Territorial Div- P.E.A. z 13 41 35 91
ision of Ymmi- Z.L.D. 2 - 6 1 9
grant Films T.V.L. 18 46 53 41 158
Others - - - - -
Total Indigenous Films 3870 7553 8640 16760 36823
Total Positives 3 27 34 105 169
Age Grouping of Infant - - - 3 3
Positives Child - 5 12 30 48
Adult 3 22 21 72 118
Total Immigrant Positives 3 6 8 28 45
Territorial Div- P.E.A. 2 6 7 27 42
ision of Immi- Z.L.D. - - - - -
grant Positives T.V.L. - - - 1 1
Others 1 - 1l - 2
Total Indigenous Positives - 11 14 51 76
Pos. (source not yet known) 1 10 12 29 52
Ratio of Indig- In —|Im In {Im In |Im In {Im In | Im
enous Immigrant Infant | - - - | - -{ - 44 - 44 -
Positives in Child - - 2 1 5 3 18 |12 25 |16
Age Groups Adult - 3 ° 5 9 5 20 |16 47 | 29
Totals 3 11 € 14 | 8 44 128 76 |45




Table 22

Analysis of Blood Fllms Examined for Malaria Parasites

(July 1, 1975 to June 30, 1976)

July-Sept.'Oct.—Dec. Jan.-Mar.| Apr.-June| Totals
Total Films Examined 8427 7626 9433 10717 36203
Age Grouping of In<ant 445 451 574 569 2039
Films Child 3229 2912 3763 4090 13994
Adult 4753 4263 50986 6058 20170
Total Immigrant Films 111 110 69 151 441
Age Crouping of Infant 14 12 2 9 37
Films Child 17 21 21 23 82
Adult 80 77 46 119 322
Territorial Div- P.E.A. 58 35 26 78 197
ision of Immi- Z.L.D. 7 3 5 - 15
grant Films T.V.L. - 72 38 70 180
Others 46 - - 3 49
Total Indigenous Films 8316 7516 9364 10566 35762
Total Positives 22 2 69 117 210
Age Grouping of Infant - - - 4 4
Positives Child 7 - 9 36 52
Adult 15 2 60 77 154
Total Immigrant Positives 3 - 1 3 7
Territorial Div- P.E.A. 2 - 1l 4
ision of Immi.- Z.L.D. - - - - -
grant Positives T.V.L. 1 - - - 1
Others - - - 2 2
Total Indigenous Positives 17 2 31 65 115
Pos. (source not yet known) 2 - 37 49 88
Ratio of Indig- In |Im In {Im In |Im In |Im In | Im
enous Immigrant Infant - - - - -1~ 1 - 1y -
Positives in Child - 7 - - o - 30 - 39 -
Age Groups Adult - 115 2 - 60 1 34 3 94 -
TOTALS - a2 2 - 69 1 65 3 134 -




Swaziland Entomology Results EX. United Xingdom Eqg.

Ta.:

23

Batches vs Cytogenetic Identification

Dr. Service's results from half-gravid

Date sent Dr. Davidsons results from egg. batches Date sent females in carnots
1/25/75 Mhlangatane eggs not many arrived 1/30/75 1/27/75 ¥hlangatane eggs received 2/25/75 cpecles
no hatch (c.k.) determination not possible as ovaries too
2/27/75 Sipofaneni-eqqgs arrived 3/4/75 no hatch (c.k.) far advanced for cytogenetic identification
3/6/75 Shortys compound (Big Bend) arrived 3/11/75 3/24/75 Species A-3 (H.R.)
fe. hatched but larvae died (h.r.) Specles A-8 (C.X.)
Species B-1 (C.XK.)
3/10/75 !hlangatane (c.k.) Speci ‘n letter dated Species A-2 (C.X.)
4/7/75 definitely identiried as species C. In Species C?-1(C.X.)
ietter 5/8/75..Hope to cross with species D. 4/14/75 Species A-3 (H.R.)
from Uganda.
5 1 s . se 14 - €
3/24/75 Mpaka - U.X.A.E. Station (Xa Ndambuza) /5/75 8 Agambiae ?nt ?f t§e e X wer un_ed with
arrived 2/2/75. No hatch (c.k.) immature ovaries 3 weré gravis with fully dev-
o : T eloped eggs and only 1l was half gravid andr
4/14/75 Compound at Mbuluzi Bridge south of Mhlume this was species B. (H.R.)
ived 4/18/75. No hateh (H.R.
arxive /18/ © hatch { ) 7/17/75 Vector mosquitos including 4 branded palps sent
5/1/75 Logo pools Big Bend arrived 5/6/75 two good to Dr. Service for cytogenetic identification
hatches out of 4 batches (H.R.) one batch (H.R.)
from Logo pools has been identified as
species B. Other Observations made in the Past.
7/3/75 Two families from Logo pools identified as
species B. Pooled population tested on DDT 1) 5/3/74 egg batches from hut catches from sivunca show
and Dielorin indicate resistance to both 5 species B.
with mortalities as shown viz. 2) Letter dated 7/8/74 from Ross Institute intimates that
0.4% DLD for 1 hr. 29% of 27 tested that D.M. Eckard in 1969 sent 2 cattle kraal families
4.0% DLD for 2 hrs. 69% of 23 tested one each from (1) Mliba (2) Nkambeni. 7This last ac-
4.0% DDT for 1 hr. 64% of 25 tested cording to Coluzzi was a hybrid of species C. and
5/30/75 From Dr. Davidson Mhlancatane. svecies C. died amerus. i
' 3) Letter dated 2/28/74 those caught biting man sivunga
did not hatch.
* = i Mhlangatane laid 5/3/78 1 species C. Sivunga Hut
(e-X.) Cattle Kraal Collection catches 5 species B. Some sivunga material was tested
(h.x.) = House Resting Collection on DDT and Dieldrin and shown to be resistant to Diel-

drin and shown to be resistant to Dieldrin but not
DDT.
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Figure 1.

PROPOSED REORGANIZATION CHART OF CENTRAL PUBLIC HEALTH LABORATORY
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Figure 2,

PROPOSED REORGANIZATIONAL CHART OF THE BILHARZIA AND MALARIA UNIT
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RURAL WATER SUPPLIES ORGANISATION

FiSURE 3

CHART
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APPLEDIY 1

Q

ACINCY FOR INTEANATIONAL DEVELOMMENT V» THANSACTION CCOE P
) T A S Ao 10
PROJECT IDFNTIFICATION DOCUMENT FACESHEET E,l ¢ = C":"“ 2, OUCURENT
. : = . e N
T N COMPLETLED OY ORISINATING OFfFiCce ° peuere COOE
Jr we et i 5, JCCW&RﬁTRLVlSlGN BUMGCR
S. PRIJICT RTIR (] srcirs) | £ aumia/orFrcE To PROJCCT TITLE (maximum 8O cosmscrers)
— - Ao JYHDO . =y
- ] - t‘”j CLEAN RURAL WATER SYSTEMS AND SUPPLIES )
B, PRGPISID ‘CXT SOTUIENT - - o

10. ESTIMATED CG5T5

2 e e YYJ ($000 om CauivaLEnT, &1 = }
4. l I = pp 8. Datr LL_[_J. FUNDING SOURIE hABS 8L
3- . A, AID ArPROPRIATED
9, ESTINMATIO FY OF AUTHORIZATION/OSLIGATION .. Siﬂgn te
U.Sl 2.

bOINITIAL FY I I I b, FINAL FYI | l ¢, HO3T CoynTmy

o, Otrnen Donon(s)

TOTAL
11. PROPOSZD CUDSET AID APPROPRIATED FUNOS ($200) _
A, APF3C- B, PRIMARY PRIMASY TECH, CODE €. FIRST FY LIFE CF PROJECT
PRIATICN PURPOSE -
CCOE C. GranT D, Loan F. Grany G, Loawn H, Gaanr 1. Loan
O i —_
{2) -
{3)
{a)
TOTAL

18, SECONDARY TECANICTAL CODES (naxirium six codes of three Lon’lio:u ecch)

_ | 1 | | l

I8 ¢ SPECIAL CONCERNS CODES (Max1vus 31X CODES ®F FOUR P@31TIeNS EACH) |E$EC°‘,"’U€*RV
PUHPOSE CODE
) l

r_—To support the Government of Swaziland?s efforts to jimprove the level of livi_n-;'

'__d and quality of life of the rural population by providing a clean safe supply of'
omestic water. —

16, PROLICT PUAPOSL (Maximud B8O craracTERS)

o
A

15. PROJICT GCi. (~axisum 230 CHARACTERS)

Mo provide clean safe water to rural areas utilizing methods that control ]
bilbarzia and other water-related diseases. Clean safe water is a critical
factor in the improvement of health standards which, jn addition to being an .
important element of the individuals health and well-being will also enable him
to assure his active role in the economic development of the country.

L .J

17 PVARN G HEDCUNLL BEUUIHLIMENTS (ataff/funds)

e e m———s me i —

18 '1,‘“:‘:|\f\||.\' ; Or'Fl—EE CLCARANCL 1Q Oa~c¢ T TAVIT RV RcFrnvtn [
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Manstue DAL oF DiI3TRIAUT 8N
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Appendix 1

Project Identification Document (PID)

GLEAN RURAL WATFR SYSTEMS AND SUPPLIES

Background

The Kingdow of Swaziland {is a small landlocked country of

6,700 square miles which is divided into four topographical
reglons running from north to south. These are the highveld,
the middleveld, the lowveld and the Lubombo pPlateau, with the
lowveld occupying about 40 percent of the country. The country
is predoninantly rural with about 90 percent of its total_popu-
lation living in rural areas.

Water resources are represented mainly by streams, to a lesser
extent by springs and narginally by ground water. Of the four
rajor rivers, only one rises in Swaziland, while the others
originate in other countries.

Recent studies (Jobin-Jones, Duncan-Fenwick and others), as
vell as observarions by the AID/PID Team, reveals that Swazi-
land's major health Problem centers upon diseases related to
water and unsanitary conditions.

Of these diseases, bilharzia appears to require the most urgent
attentlon, to wit, 80 percent of the school children of the
irrigated areas are infected, in non-lrrigated areas, 40 to 60
percent are infected. Older age groups are reported to have

an even higher incidence of infection. Topographically, the
middleveld and lowveld have the highest incidence of infection.
Government publications indicate that bilharzia is debilitating
to both children and adults, restricting productivity both at
school and at daily work.

According to the above surveys and substantiated by government
reports, the incidence of bilharzia is increasing with the
expansion of irrigation, despite the fact that a considerable
amount of the irrigated area is under government and/or private
sector control programs.

Other diseases such as malaria, dengue, typhoid, cattle tape-
worm, hydatid, amoebizsis, hepatitis, gastro-enteritis and
fascioliasis remain serious health risks. Information given
to the AID/PID Team revealed that malaria appears to be on the
increase in certain areas and in addition, there 1is suggested
evidence that the mosquito vector is developing resistance

to DDT and dieldrin.

iransmission of the above mentioned disecases are a direct
result of the lack of an adequate, convenient and safe water
supply and the availability and the education to use sanitary
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Appendix 1

rsslstants training - WiLO

Rural Health Centers and

Clinic Construction, etc. - UK

Yoot bridges - EDF

R.D.A. - YBRD, UK, USAID
MCH/FP - WHO/UNICEF/UNFPA/IPPA
Institute of Health Sciences - USATD

ttealth Education T.A. - Vo

¢ activities of the above organizaticns have been briefly re-
‘ewed and there does not appear to be any cenflict or duplication
7 +ne activities proposed in clean rural water systems and
wzzlies with any of the above. Rahter, the proposed project

w2.1 augrwent and support several of the activities of these
rganizations.

: following attachments are the result of z final meeting to
“scuss recommendation with representatives of government de-
czrizments concerned. With the inclusion of these three state-
—znts, 1t is felt that there was a general consensus of opinion
2= the desirability and viability of the recommeandation.

[ ]
s

ACHMENT NUMBER 1

9=

I+ is strongly suggested that the diagnostic section of the
—aiaria/bilharzia unit be transferred under the supervision of
:h2 pathologist and laboratory technician of the Central Public
“ezlth Laboratory, and that any requirements for renovations or
reorganization of the laboratory space be funied within the
srogosed project.

recommend that this malaria/bilharzia diagnostic unit be
canded to four laboratory assistants, whose work will be confined
—alaria and bilharzia diagnosis. They will receive specimens
tiected by field survey teams, school hcalth teans and will

sist latoratory staff of hospitals in this area of their work

¥

0 O

AT ST L T { I

ere necessary.

b MR T

.
.t

Surther recommend, given that there is a relatively strong
-vastructure of rural clinics within the coauntry (31 government
:~ics at present and proposed construction =2t the rate of

ee per year), that clinic nurses be involived in the de-
--alized treatment of malaria and bilharzia cases. To
ist these nurses a schedule for treatment should be drawn up
~=:=h should be distributed and followed closely by these
525 . In addition the nurses at the malaria and bilharzia
: should assist and advisc these nurses.

Y

ML
"

v O 0 3
TR 7R 1 1]
Pt )
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APPENDIX 2

Rural Water Supplies: Protosed criteria for Selaction of Schemas

Introduction

Responsibility for approval of projects to be submitted to O.D.M. will
rest with the Rural Water Supplies Board. The recommended programme of con-
struction of water supplies will be drawn up by the Pural Water Supplies
Branch after analysis of the proposed achemes, taking into account the pri.-

orities indicated by the District Teams for each region.

It is suggested that items one and two are used for general screening
of projects for suitability, in order to exclude quasi-urban schemes and to

ensure that limited resources are uscd with reasonable cost-effectiveness.

Within thase quidelines, priority should be given to those communities
with the greatest. However, it is diffecult to quantify ‘need’ according
to a precise ranking system. It is therefore suggested that each scheme is

assessed individually taking into account all items mentioned below.

A) Maxinun Settlement Size

To avoid the inclusion of quasi-urban schemes, it is proposed that only
schemes with a fewer than 2500 resident population within a radius of 2 km.
should be included. Figures should be taken from the 1976 population census

and should include resident staff and boarders at schools and other institu-

tions.

B) Cost Effectiveness

It is proposed that a maximum cost limit of E50 per person should be
imposed. Persons served should be defined as above, except that day pupils
and clinic patients should count in addition as half a unit. This figure
may be raised during the implementation of the project to allow for infla-
tion. Other things reing equal, preference should be given to schemes with

a lower cost per head, but this should not necessarily be the deciding factor.
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Appendix 2

C) Fruisting Yater Supply

Sources of water currently in use should be assessed for chemical, bac-
terial and parasitic contamination. 1In addition, the adequancy of the dry

seagon water supply should be determined.

D) Distance tc Mearest Potable Water

The distance to be travelled by the majority of the population to the
nearest existing source of potable water (according to WHO admissible stan-

dards) should be determined. The quantity of this water should also be con-
considered.

E) Growth Centers

Where schemes are sited in areas identified as Growth Centres this may

be considered as a further matter for preference.

F) Comrunity Involvement

Preference will be given to schemes where:

a) A responsible member of the community has been, or will be,
nominated from the community to take responsibility for op-

eration of the scheme and to report faults.

b) The community is willing to contribute unskilled labour for

construction purroses.



Appendix 2

RURAL WATER SUPPLIES

(td accompany technical details)
HAMe: OF SCHEAME:

DISTRICT:
NUMBZER: c.qg. 1u/3/717 - 8

1) Estimate of Population to be served

8) Resident Population....veeereeeeeeneesoenoccannnnns

b) Schoouls (i) Resident staff and teachers ........

(ii) Day pupils crsecans
c) Clinics (1) Resident staff cececans
(ii) Daily patients erscsana
d) Other (1) Resident cesecens
(i) Non-resident ... .es

Total

Total Excluding
b(il) c(ii) a(ii)

2) Construction Cost

a) Materials

b) Equipment

c) Skilled Labour
d) Unskilled Labour
e) Contracted Serviées

f) Transport

Total

3) Existing Water Supplies

This section should comment on the quality and adequacy of the water now
being used, and on the distance being travelled. Where existing water sup-
Ply is considered unsafe, the location of the nearest acceptance water sup-

pPly should be mentioned.

4) Operation and Maintenance Requirements

5) Person Responsible for Operation

6) Other Relevant Factors

(e.g., RDA. Community Contribution. Social reasons for priority)



APPENDIX 2A

SOIAR DISTILLATION FOR SWAZILAND

Solar Distillation represents a water resource which is rost available
in rany areas where population density may be low and where corventional energy
resources may be expentive.  Its use for production of fresh pure water is

technologically feasible.

In nature, fresh water is produced by a very large-scale process of solar
distillation. Solar radiation impinging on the surface of rivers, lakes,
marshes and oceans ic absorbed as heat and causes evaporation of water from
these surfaces. The resulting vapour rises as humidity of the air above the
surface and is moved along by winds. If and when the air-vapour mixture is
cooled to the dew-point temperature, condensation may occur; and the pure pro-
cess are the production of vapour above the surface of the liguid, the trans-
port of this vapour by air, the cooling of the air-vapour mixture, and conden-

sation and precipitation.

The natural process is copied on a small scale in basin-type solar stills.
A water surface of limited size is covered with a cover transparent to solar
radiation. This cover serves two major purposes: it prevents escape of the
hurid air above the water surface; and it furnishes a cool surface upon which
part of the humidity can condense. The cover also serves as a radiatien shield
and recuces the energy loss by emitted long-wave radiation from the water sur-
face. While neither glass nor the sheet materials used for the cover are com-
pletely transparent te :zolar radiation, they absorb and reflect only a small

portion of it and int - ‘ere little with the evaporation process.

A schematic scross-section of this type of solar still is shown in figure
One. There are several existing solar-still designs, which differ from one
another in materials used and in geometry, but all include elements secrving
the same functions. The saline-water container or basin must be water-tight;
it is blackened to absorb solar radiation effectively. The transparent cover
rust be vapour-tight and sloped at an angle sufficiently great to permit water

condensing on its inside surface to flow by gravity into the condensate troughs.






5)

6)

7)

8)

9)

10)

Design - One or more designs can be seclected or develcped in the light
of local conditions, available materials and skills of local work

force, and evaluated for the particular location.

Estimate of monthly yield - Based on a particular design, monthly

yields of distilled water can be estimated from experimental data on
similar stills in other locations, or tkrough the uvse of estimation
methods. These monthly yields should be based on monthly mean radiation

levels and temperatures.

Rainfall contribution - If the local conditions and regulations per-

mit, rainfall run-off from the still can be recovered. This can be
estimated from average monthly rainfall data or minimum monthly rain-
fall, applying a reasonable recovery factor. Usefull monthly rain-
fall collected can then be added to still yield to provide an estim- .

ate of month-to-month production of useful water from the still.

Monthly needs versus production - A comparison of month-month distri-

butions of water production and water needs will indicate water stor-
aye requirements, modifications in still size or possible uses of

supplementary sources.

Estimate of cost - With the foregoing information, the appropriate

data on still designs, first costs, service life, maintenance and
operating requirements, and local information on interest rates and
other economic factors, the cost of delivering water from the solar

stills can be estimated and compared with alternatives.

Other considerations - Considerations not directly quantifiable in

terms of cost may also be important. These could include, for ex-
ample, sociological and personal factors, resistance to change, dis-
tance of users from the potable water-supply, protection of the
still from vandalism, methods of water cost distribution or sales

methods, subsidies and/or fuel savings.



Solar distillation is a capital-intensive process, requiring relatively
large capital investment per unit of capacity and, in properly designed and
construcred systems, a minfmum of owerating and maintenance costs. Product-water
costs thus depend primarily upon still productivity, capital cost of the install-

ation, its service Jife, and amortization and interest rates.

Solar-still productivity is conveniently referred to, in round numbers,
2s being typically, 0.1 gal per sq. ft. for a good day. It is, however, highly
depencdent upon solar radiation and less dependent upon air temperature and other
factors. On clear winter days a well-designed still will yield perhaps 0.03 and

on clcar, hot summer days, perhaps 0.12 gal per sq. ft. per day.

Summing up these yields over a year, experience shows that annual still
yields of about 25 gal/sq. ft. are obtained, with some variations due to clim-

ate and still design.

The unit capital of solar stills built in recent years has been $2.00-
0.60 () per sq. ft. Most of the estimates based on current designs of durable
stills show costs of materials and labour for still construction-to be in the

neishhourhood of $1/sq. ft.

The projected lifetime for stills construc ed of concrete, glass and other
long lived materials is twenty years or more. Other still designs have been de-
veloped using some materials with shorter service lives which must be periodically

reneved.

Assuming favourable interest rates, such as those granted to a public util-
ity type of venture, and service lives as noted, one obtains water costs of $3-$6
rFer 1,000 gallons. Variations within and from this range are experienced because
of rainfall collection, storage costs and unpredicted factors affecting still pro-

ductivity.

In review, the total fixed costs an an annual percentage of capital invest-
ment, the total cost of supplying salt water to the distiller over a year's time

and the tutal operating labour and supervision expense, when added together equal



o

the total annual cost of providing solar-distilled water for use. This amount
cdivided by the toal gallons of distilled water produced (plus assured collec-
tion 2nd storage of rain-water) per annum equals the cost of each gallon of
fotalle water produced. If all of this water can be used, this figure is also
the cost of each gallon of water used. The following equation, in whick TA ’

MR and TL represent the average value over the estimated life of the installa-.

tion, summarizes this relationship:

10 I (IA + MR + TI) + 1000 (Oc + S)
A(YD + YR)

C =

C = cost of water (dollars per 1000 gallons
I = total capital investment ($)
IA = annual interest and amortization rate (% of investment)
MR = annual maintenance and repair labour and materials (% of investment)
TI = annual taxes and insurance charges (% of investment)
O = annual operating labour (man-hrs.)
c = operating labour wage ($ per man-hr.)
= annual unit yield of distilled water (gallons per sq. ft.)
= annual unit yield of collected rain-water (gallons per sqg.ft.)

area of distiller on which yields are kased (sq. ft.)

K
n PN O
i}

= total cost (fixed and Eperating) of salt-water supply

These coust estimated would be affect by rain-water collection, i.e., if an ad-
ditional 12 inches of precipitation were to be collected, stored and used, the
total fixed costs quoted above could be reduced per 1000 gallons of usable

vater.

in the entire field of desalination, solar distillation can have economic
advantages in capacity ranges up to possibly 50,000 gpd and most certainly up
to 25,000 gpd. For small comwmunities in climates of good radiation, in areas
where power supplies or sources of waste heat are not readily available and
where skilled labour is at a premium (features common to essentially "remote"
or "isolated" communities or water demand centres), solar stills have a dis-

tinct economic advantage over the other processes for desalting sea water. The



*here skilled labour is at a premium (features comron to essentiaily “remote’

or "isolated" communities or water demand centres), solar stills have a distinct
cconomic advantage over other processes for deselting sea water. The total wa-
ter production cost, although much higher than usual large-scale fresh water
supplies, can be substantially cheaper than alternative sources in many loca-
tions wvhere potable fresh water is unusually scarce and expensive. In addition,
the rather low foreign exchange element of solar-still costs (where locally a-
vailable materials of construction are used) may be of special economric import-

ance.






APPENDIX 3

MINISTRY OF HEALTH - HEALTH EDUCATION UNIT
LUKHUBA (BILHARZIA)

Luyini?

Lukhuba sifo lesibangwa kunggena kwesibunga emtimbeni ligama
laso kutshiwa yi Schistosoma. Siveta tibonakaliso letibalwa, futshi
kwenteka etindzawenl TetItshite temhlaba. Lesibungwana sihlala emaatini.

Tinhlobo Telukhuba.

1. Lukhuba loluchamisa inggati sesinyeni (bladder)
2. Lukhuba lolusematfunjini (rectal)
3. Lukhuba loluvame eJapane

Uma umuntfu sesimngenile lesibungwana uyaye ahlale emaviki
langaba lushumi noma abe lishumi namabili lungakatibonakalisi lolu-
khuba, ngaleso sikhatshike lesibungwana sitalela 'emaqandza lapha
emtimbeni walowo muntfu.

Sentanjani?

Uma umuntfu ageza noma awasha emantini lanaletilwanyana
noma awanatsa uykutfola lokugula kokuchamisz inggati. Letibungwana
tingena esikhunkeni uma ugeza tihambe ngemitsambo wengeti,tingene
enhlitiyweni, tendlulele emaphashini” kutsi emva kwemalanga lamatsatfu
bese tiyafohla emaphashini kuhumba ngengati kuze kufike esibindzini
lapho kondleka khona kubekukhulu kulungele kutalela. Kuyesuka lapho
kuyehla ngayophela ingati kuya emitsanjeni yematfumbu noma yesinye.
Laphoke kufike kutalele emaqandza. Emagandza aloku lokuhla ematfun-
jini acijile emaceleni,kantsi aloku lokuhlala esinyeni acije ekugeci-
neni.

Lamaqandza ngoba acijile ayahlaba aphume emitsanjeni,uma
asematfunjini ayaye aphume nemangcoliso,uma asesinyeni aphume kanye
nemchamo, emva kwalowo muchamo besekuphuma inggati,phelaloko kwentiwa
kutsi adzabula imitsambo uma aphuma.

Umake umuntfu lonalolukhuba achamela emufuleni emantini,
lamaqandza atshi ngokuba semantini bese ayabhamuka sekuphuma tibun-
gwana tonake setifuna umneinkhe,tingawitfola tiyaye tingene kuwo
tihlale kuwo tize tikhule besetiyaphuma futshi setifuna umuntfu.Umake
kwenteka kutshi kungene umunftu lapha emantini kuyayebese kuya
mnamatshela lokwetibungwana.
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Kubonakala Njani?

1.Uma ugeza emantini lanako utshi uma sewephumile uve
ulunywa emtimbeni lapho kungene khona.

2.Uye ashise umuntfu emtimbeni achuche,ahlante,untimba
ubebuhlungu, akhwehlele,kulesinye sikhatsi sibindzi

sivuvuke. Loku ungeke ukunake kakhulu kulesinye sikhat-
shi.

.Kutfolaka emaqandza emchameni walo naso lesifo.
.Uchama inggati umuntfu lonaso.
.Kuyaye kubebuhlungu esinyeni.

.Uyaye achamele futshi umuntfu.

N o W

.Kungenteka kutshi kwentcke ematje esinyeni abangwe
ngulamaqandzc, lamanye langaphumi bese aguqukq ematje.

Lesifo Asivikeleki Noemijovo Kodvwa:

1.Kufanele kutshi kungagezwa emifuleni lenako nekuwasha
kungawasha futshi anganatfwa emanti aleyomifula. Uma
ufuna kuwasha uqale ngokuwabilisa.

2 Makungachanyelwa emifuleni ikakhula labo labanalokufa,
ngoba lamaqandza lasemchameni atakukhandza iminenke
bese kwandza kufa.

3.Akwahive tindlu tangasese kute emaqandza laphuma
emangcolisweni noma emchameni angangeni emifuleni.
Qaphela ungagezi,angawashi,unganasi umfula lonalckufa,
Uma unako sita ungachameli emfuleni bilisa emanti

ekunatsa.
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"It has been everyone's dream that he might set some mechanism in motion which
through the enlistment of natural causes, would eventually lift the burden . . ."
Lewis W. Hackett, 1937

p. 23

1. INTRODUCTIOHN

The reduction in numbars of undesirable organisms is essential to man's continued use of
the carth to sustain his own numbers, but many of our methods are proving to be unacceptable
from the standpoint of long-term goals. Whether disease-causing organisms, vectors, Oor crop
destroyers, the popular methods of reducing their abundance have been called into question in
recent years. Chemical methods which once seemed miraculous and which brought their inventors
the highest sclentific accolades have been attacked on several important grounds. It has been
demonstrated that many ‘target species have developed resistance to the chemicals, It has
bern shown that desirable predators and parasites of target spacies have suffered greater and
more prolonged destruction than the target, with the result that the target species returns
to an undesirable abundance ever more rapidly; it has been shown that species which formerly
had been inconsequential have become important pests through the inadvertent destruction of
their predators and parasites by the general application of broad-spectrum poisons; and iw
has been shown that persistent poisons are carried by ecolugical processes to many desirable
species, and accurmtlated in them to destructive levels. <The extent of many of these unfore-
seen effects is documented by DeBach (1974).

Thus, the pesticides, once viewad a3 panaceas, are increasingly regarded as mixed
blessings :: beat used with caution in conjunction with other methods. 1t is true thi:
the criti. -as have rarely been made of the use of molluscicides specifically, but t ..
is probabi; because they have never been used over large areas for long periods. ' iere
is no reason to suppose that the same Or similar unfavourable results would not be obtained
from intensive and prolonged use of molluscicides. None is specific to snails, much lass
to the intermediate hosts of schistosomes, and the general biocidal property is certainly

undesirable, as is the potential for killing competitors of target snails.

1 Professor of Zoology, Director, Huseum of Zoology.

The issus of this document does not constitute Ce document ne constitue pas une publicaticn
formal publication. It should not be raviewed, It ne doit faire I'objet d'aucun compte rendu 9
abstracted or quoted without tha agreemant of résumé ni ¢'aucune citaticn sans lautonsnlinn s
the World Health Orgamization. Authors alone rOrganisation Mondiale de la Sants: Les atpmant,
are respanaible tor views exofessed in signed : exprimées dans les artcles signks a’angagen

articles. gue leurs auvteurs.
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It i% therelore of great imperrance that we secl alternative methods of reducing snail
populaziony, as gnall control has besn an integral part of all successful programes for
the reduction of trausmission of achistosomes.

ihe sresent report begins with a considevation of the factors to be consldared in
searching for ron-chemical neans of redveing snail populations,

Sinilarities and differences between snail coatrol and the numerous instances of
successful population reduction of insects and weeds must be considered,

These theerctice! consideration: will be followed by descriptions of the actual attempts
that have bean wade. In each case, susessments will be attempted of the degrea of success
achieved, of the possibility of expauding the method, and where possible the cost of the
operation.

2. THEORETICAL CONSIDERATIONS

.1 Biological aroperties of snails relevant to control

The success or failure of a programme to reduce the abundance of any species depends
upon certain fundamantal ecological properties of that species, and upon the quantitative
nature of irs interactions with the other species in its environment, both the ones naturally
there and the ones that are proposed to be added.

In conjunciion with the non-living part of the habitat, these intrinsic properties and
interipecific interactions determine the number of individuals of the target species present.
All vary from species to species and from one situation to another. Thus, exact general
predictions are not possible. However, certain principles can be claimed from a consider-
ation of the various factors.

There is a very large :cological literaturc dealing with the relative impartance of
differeat faectors in determining the abundance of species in nature. It is quite impossible
to do more than to give the interested reader references which will permit an entry into the
literature on limiting factors. Among numerous recent texts Collier et al. (1973) and Krebs
(1972) give well-balanced accounts; monographs by May (1973) and Maynard Smith (1974) are
noteworthy: and the symposium edited by den Boer & Gradwell (1971) records-some illuminating

discussions.

2.1.1 The carrying capacity of the eavironment

1t is axiomatlc that for each species in each habitat there exists a theoretical maximum
nuober of individuals that can be supported by the resources available. The degree to which
this carrying capacity Ls approached in nature has been the subject of intense dzbate in the
ecological literature, A reasonably balanced account is given in two papers by Huffaker &
Messenger (1964a,b). Some ecologists maintain that the carrylng capacity of a habitat is
approached closely enough in many instances to provide a strong negative effect on population
groWth rates. Others are of the opinlon that unfavourable events, such as severe wveather,
occur sufficiently often to keep numbers at such low levels that populaticn growth is
unaffected by the hypothetical carrying capacity.

Resolution of the controversy has not been as easy as it might appear, for several
reasons. The First of these is that unlike the mathematical models that are ordinarily
used, nature provides no assurance that tho carrying capacity remains constant. Thus,
severe weather might reduce this parezmeter as well as directly reducing the numbers of the
species involved. A second problem concerns the proportion of saturation that a species
must achlieve for negative effects to be apparent. The most commonly applied model of popula-
tion growth, the logistic equation, requires negative feedback of pupulation growth rate at
all levels of density, and this has been demonstrated in the closed microcosms of lsboratory
experiments. Field data are less easily interpreted.
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Kabitat altaration has certala advantogzs over all other wethoda of reducing populatfons
of undesiradble species. These advantagea can be enunacrated a3 follows:

(a) Eabitat alteratlon has as cuch an effect on native spacics of undesirable organisms
as it doe3 on introducad spacies, i{a contraat to the effoct of Introduced parasites or
espacially conpetitors, fov which thez chancea of success are low.

(b) In many instancea of habitaot alteration, thers are beneficial side effects, the
nost outstanding examples being thz increased uszefulness of the land,

(c) Toc effect of habitat alteration is limited to tha immediate area involved, and
should it prove undesirable, there is no dangar that thz effect will spread, such as
{s the case with irntroduced competitors or predators,

There are also disadvanteges of habitat alteratica relativa to the introduction of
eneny organisma: ’

(a) Toe expense of many kinds of alterations ia great, and there is a continuing
exparsa of maintaining such features as drainage ditches and flushing siphons. This
disadvantaga is somewhat negated by apricultural benafits.

(b) There are scma situatfons wheve it is izpractical to alter the favoured habitat
of an undesirable organism. An example would be lazga irrigation canals, which cannot

be pipad, although that is feaaible for some smaller canals.

(¢) 1In contrast to the Introduction of parasites, predatoxs or competitors, alteration
of habitats is not self-ganerating.

2.1.4 Genetic ranivulation

In a few instancaa, spactacular sucsc233 has been obtainad in eliminating populations
of vndesirable spacies by genetlc meana.  All exaaples kaown to date involve insects. The
pathod involves the liberation of very large mumbers of sterile rales relative to the number
in the wild population. In most exannples, the introduced rales have been previously
sterilized by radiation. Inone instance, vse wasmade of 2 nmaturally occurring stock in which
the nales were cytoplasmically incorpatible with the local femalea,

The uaiversal practical requirement of overvhelning 2 population genetically with sterile
rales appears to elininate the poasibility of using this approach in:the case of any
schistosons except S. isponicum, a3 the intermediate hosta of the other human parasites are
all hermaphroditic. : :

Onco=zlania, the intermadiate hoat of S, {avonfcua do2s have separate sexes, but the
populations that have been studfed carefully (HcMullen et al., 1951, Pesigan et al., 1958)
did not exhibit numerical fluctuations of a sufficieat paznitude to make-the "sterile male"
techniqua attractive as a potential control measure.

2.1.5 Non-susceotible strains

Infection with echistoscmes is damaging to snails, as it increases the death rate by
a factor ranging from 1.3 to 3.5 (Haizston, 1973), and decreases egg-laying to around 20%
of that achieved by uninfected snails (Pesigan &t sl., 1958).

Froa these figurea, it 1s easy to conclude that a genetic strain resistant to the
parasite, but alike in othar respects, would have a strong selectiv: advantage over the
gusceptible strain. Inaszuch az local strains of snails vary widely in their susceptibility
to schistosoma infection (DeWitt (1934), Hsu & HsU (1960, 1967, 1968), Files & Cram (1949),
Barbosa & Barreto (1960)), it might appear anomalous that receptive strains should continue
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to cxlst. The obvlious explanation {is that the parasite is not without evolutionary capabi-
lity, and is doubtless constantly adapting to changas in host susceptibility. Also,
resistance to tha parasite may have other effects on the biology of the snail, and these
ray cause selective disadvantages. ’

1he existeace of non-susceptibility is interestlag, but at presant there appears to
be little practical use that can be made of the phanom2non. GCenetic analyses of suscepti-
bility have been carrled out on Biomohalaria glabrata (Rlchards, 1970, 1973; Richavds
& verrite, 1972) and Oncomelania hupensis (Davis & Ruff, 1973). The results indicate
that a2 nunber of loci are involved.

Inasnuch as non-susceptible strains interbreed freely with susceptible ones, the result
0f their introduction into natural populatioas would rost likely be that they would be ’
swanped genatically by the local strain. It is conceivable, of course, that the roa-suscep-
tible strain would spread through the selective advantage discussad above and might thus
be of value in disease control. Unlike compatitor or pradator species, non-susceptible
strains would not have the poteutial for making matters worse than before their introduction.
Tha overall prospects for effective control of schistosomiasis by this means appear to be
poor.

" 3. SYALL POPULATION REDUCTION BY HABITAT ALTERATION

3.1 The Philippines - drainage, poading, filling, and inproved agriculture

The only non-chemical method of saail control that has been assessed in a scientifically
acceprable manner with regard to its effect on the traasnission of schistosomiasis is
habitot alteration. 1The most qbofoughly gocumanted crzanple is that of the joint WHO-
Philippines project on the island of Leyte.

Over the period of 1954~56, the Project personnel devisad a series of naturalistic
measures For the control of Oncomelania hupensis quadrasi, the snail that serves es intex-
padiate host for schistoscmiasis in the Philippines. The measures devised involvad radical
alterations of the habitat, making it unsuitable for tke survival and reproluction of the
snail (Pesigan et al., 1958c).  The kinds of zlteratioas that ware attempted were based
on thorough ecological studies of the snail over a two-yedr period (Pesigan et al., 1958b).
0. h. quadrasi is an amphibious snail laying its eggs singly at or very near the water line.
The newly hatched snails require a period of up to 10 days of purely aquatic life, and
thereafter spend over half of their existence out of water, but close to it. Most habitats
contained dense emergent vegetation; some were only shadad by large shrubs and trees.
Whether small seepage areas, exteasive rice fields, grass-choked streams or swamps, all
habitats were characterized by geatly flowing, or oozing water. Standing water did not
support the snails.

Drainage of habitats was an obvfous'mg;sure, and was most successful when the drains
intercepted the water where it zppeared aboveground. Instead of being distributed over
a whole field or swamp, the few snails remaining after drainage were confined to the sides
of the drainage ditch.

A less obvious method of dealing with habitats that could not be drained was to convert
them into stagnant ponds. From the practical- standpoint, these were converted into fish
ponds.  Snails were unable to reproduce satisfactorily under this condition. :

The third approach was to change the rice planting pattern from the haphazard one
eaployed to a regular spacing as recormended by the U.S. Department of Agriculture. This
furcher permitted removal of the weeds that providad protection for snails.

Properly implemented, all of these measures gave nmarked reductions in the nuzber of
snails (Pesigan et al.,1958c, Hairston & Santos, 1961). 1In most- ingtances, the reduction
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was cveatually to 1% or less of the initial density. Care was taken to follow untreated
control arcas in all of the early experiments, and these shcwed remarkably constant popula-
tiona, fluctuations rarely exceeding 15% of the initial population,

In 1955, after prelininary expariments vere completed, an attempt was aade to interrupt
transaission of schistoscniasis in the whole wmunicipality of ?alo, Leyte, by the methods
that had been devised, Not all habitats could be attacked simultaneously, but by the end
of 1957 an inportant impact had bean made on the total saatil population of the area, and
by July 1959, there were only 14.3% as many snails as hkad been in the area originally
(Hairston & Santos, 1961), Oaltting four large habitats waere no control was attempted,
the reduction was to 5% of the Initial density.

The effect of this reducticn on the transmission of schistosomiasis was measured by
comparing age-prevalence data frem 1954 (before any control was started) with data taken
{n the same way in 1959, Children under 10 years old (the group most sensitive ‘to changes
in transmission) showed a significant reduction in'prevalence (Pesigan & Hairston, 1961),
Morcover, it was shown that the overall change in the age-prevalence curve was close to
what would have been expected had the snail control measures been completely effective in
stopping transmission. The adjacent untreated municipality of Tanauan was also surveyed
fn 1954 and 1959, and there, the prevalence of schistoscoiasis in children under 10 showed
a slight increase in prevalence, which was statistically non-signif%cant.

Thus, the appropriate requirements of experimental dzsign had been mek, and it is
safe to conclude that the snail control measures had been effective in interrupting

transmission of schistosomiasis.

3.1.1 Costs and benefits

The cost-benefit analysis of this project is complicated by the experimental nature
of the work, and the sometimes poorly quantifiable benefits of improved land use.

There can be no question that the cost of habitat alteration is high. In 1956, for
example, drainage cost around US$ 70 par hectare, while fish-pond construction was around
USS 1250 per hectare (Pesigan et al., 1958c). The areas treated, of course, wera only
those actually containing snails, and amouated to a relatively snmall fraction of rhe total,
The consensus was that agricultural benefits had to be taken iuto account in order to help
justify the cost. Some of these benefits were substantial. The rice yield approximately
doubled that obtained by the previous routine, when the two methods were compared in a care-
fully controlled experiment. The added monetary value ol drained land was less easily
calculated, but there was no doubt about an increase in productivity. The cost of not
controlling the disease has been calculated in a number of different ways. These are
digscussed by Macdonald & Farooq (1973), who conclude that the Philippines national plan
for schistosomiasis control would be a profitable investzent, since it was projected to
cost less than 10% of the annual cost of the disease.

3.2 Israel - Control of water and of aquatic vegetatica

Israel is a special case among countries dealing with aquatic hosts of schistosomes,
because it represents a highly technical culture introduced into an endemic area. Little
transaission of schistosomiasis has taken place since the pass immigrations of the early
1950s (Saliternik & Witenberg, 1959; N. Gil, personal corrunication). The success in
preventing transmission cannot be attributed solely to ron-chemical methods, as molluscicides
were used in various places, and extensive public health education was also important.
Nevertheless, water control has played an important part. '
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3.2.1 lrrigation water

The impoctance of conservation of water in lsrael has been a significant if inadvertent
factor in restricting the breeding of Bulinua truncatus, the intemmediate host of Schistousoma
breintobium, Most irrigation water is distributed in pipes, and in those cases vhere open
direhes are used, they are coucrete-lined, and the water flows rapidly (more than 20 cn
p:t second) and intermittently as other parts of the system are irrigated (Wittenberg &
Saliternik, 1957). These arrangements have restricted the habitats to natural stream
coursces, drains, ponds and other reservoirs, plus a few very local places where the irrigarion
system has leaked.  Continuous curveillance, combined with a vigorous health education
programie, has prevented these places from becoming sites of transmission.

3.2.2 Recmoval of aquatic vegetation

Most authors on the subject have given evidence that several species of aquatic plants
imnprove the habitat for both Bulinus truncatus and Bicmphalaria alexandrina, the intermediate
host of Schistosoma mansoni in the Eastern Mediterranean Region (see Dazo et al., 1966 for
exaxple). In Israel, removal of aquatic plants is stressed, and in one instance, the
introduced water hyacinth, Eichornia crassipes, was eradicated by mechanical means. This
operation also, in combination with incrcasing pollution, resulted in the the total elimina-
tion of Biowphalaria from its only known habitat in the country.

3.3 Puerto Rico. Manipulation of water levels,

The habitats of soma mosquitos have béen made unsuitable through rapid changes in
water levels in impoundments. The mathod was spectacularly successful in the lakes of
the Teanassee Valley Authority, where growth of rooted aquatic plants has been prevented
completely, leaving wave-swept shorelines that are unsuitable for the larvae of Anopheles
quadranaculatus.

It is natural that attempts should have been made to eliminate snail populations in
ths same way. In the Philippines the impoundments on which the method was tried were
too swall for effective Ffluctuations (Pesigan et al,, 1958c).

The only documented example of the control of snail populations by this method is that
reported by Jobin (1970) in Puerto Rico. Following laboratory experiments on appropriate
rates and timing of drawdown (Jobin and Michelson, 1969), control of Bicmphalaria glabrata
was achicved in a small reservoir. :

The ultimate effectiveness of this method will probably depend upon the duration for
which water must be stored. Thus, in an area with dependable rainfall or brief dry seasons,
the loss of water involved in stranding snails would not be important, but vhere water lost
cannot be recovered for months, it can probably not be spared, nor could the necessary
return of the water to a higher level be achieved.

3.4 China - relocation of canals

The assessment of achievements in the People's Republic of China is made difficult
by the absence of common standards in reporting, and the following comments might have to
be revised upon the receipt of more detailed information.

The elimination of schistosomiasis has been stated to be one of the country's goals,
and among the methods used is extensive habitat alteration. The most impressive measure
taken has been the relocation of irrigation canals in endemic areas, and the filling of
the old, snail-infested waterways.

Given the degree to which the population is mobilized, the achievement appears to be
distinctly possible, and from the knowledge of the ecology of Oncomelania hupensis in the
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Philippines and Japan, it is very likely that the measures would be cffective, at least
tempovarily. The situotion is such, however, that Infestation of the new canals would
appear highly probable. 1f it were possible, it would be highly desirable to obtain

an lndependent assesument of the current state of affairs in this important endemic area,

4, StALL POPULATION REDUCTLON BY THE LNTRODUCTION OF CCHPETITORS

Acong attempts to use biological control methods against the intermediate hosts of
schistosomes, by far the greatest efforti has been made in the {eroduction of competing
species of snails. In the present report all snail species ured against schistosome vectors
will be called competitors, acknowledging that at least part of the cffect may be through
predation. -

4.1 Mavisa cornuaretis

This large ampullarid snail was introduced into Puerto Rico from South America around
1950. As far as is known, the introduction was unintentional.

4.1.1 Puerto Rico

By 1955 the influence of Marisa on Biomphalaria glabrata had been observed and had
been evaluated in the laboratory (Oliver-Gonzalez et al., 1956; Chernin et al., 1956).
The cffect of Marisa on the intermediate host is two-fold: as a competitive feeder, and |
as an incidental predator on the eggs and newly-hatched young.

Field trials followed, and despite flawed experimental design and other difficulties,
a sufficient mass of evidence was accumulated to demonstrate the effectiveness of Marisa
in certain ecological situations, speciflcally ponds (Radke et al., 1961, e.g.)., Marisa
does not eliminate Biomphalaria froca swamps, streams or irrigation canals (see Ruiz-Tiben
et al., 1969, and Palmer et al., 1969), but it has been an offective and important part’
of the overall campaign against Biomphalaria in Puerto Rico (Jobin et al., 1970). Among
the habitats where this form of biological control has been successful are irrigation
night-storage ponds, which in Puerto Rico and in Africa are important in raintaining popula-
tions of intermediate hosts (McHullen, 1973).  Fluctuating water levels in these reservoirs,
following daily demand, has made them less attractive to Marisa than are more stable ponds,
but the difficulty was ‘overcome by regular inspection and reintroduction (Ruiz-Tiben et al,,

1969).

1t is important to comment that persistence of effort is necessary in the use of
Marisa, as it is with other forms of control of intermediate hosts. Of the 111 night
storage ponds of Puerto Rico, discussed above, 10 still contained B. glabrata after five
years of effort, and inspection showed that reintroduction of Marisa was necessary in
22-41 ponds in different years after 2/3 of them were judged under control by this means

(Ruiz-Tiben et al., 1969).

4.1.1.1 Cost analysis

The harvesting of Marisa from natural habitats and their distribution into Biomphalaria-
infested waters has been the subject of two independent analyses (Ruiz-Tiben et al., 1969;
Jobin et al., 1970). In each case, the cost of labour and autcmotive transport was calcu~
lated to be around US$ 0.03 per adult snail transplanted. At the densities of Marisa
which were found to be effective, this effort was estimated to cost about 30% of the cost
of treating the same ponds with the best molluscicide.

1t should be noted that in the well-documented study of Jobin et al. (1970), the supply
populations of Marisa were able to sustain a weekly removal of large adults amounting to
onc per 43 m? of water surface, or one per 4.55 m of shore line. No detectable diminution
of the number available was observed during the 22 weeks of the study.
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Benefits obtafned con only be assessed throush the destruction of Bierohalicia, as
rolluscicides were uaed in habicaty of the kinds not suitable for the use of Maisa.
Moreover, theprevalence of schistosomiasis declinad throughout Puerto Rico during the
perind of control cffort (1954-1966), regardless of whethar specific cfforts vers made
at cont ool (Jobin et al., 1970). Thus the anouut of henefit achieved, in terms of
effort expended, 15 not specifiabla.

1t should be stated that in Puarto Rico there have been no reported injurious effects
of irtroducing Marisa, although various warnings have been given on the possibility that
it might dumage young aquatic crop plants, as has been reported for other ampullarids in
Africa,

4.1.2 Ezvot

The success reported from Puertc Rico has prompted several proposals to use Marisa
elsevhere, The only such project which has bazen adequately prepared for or properly
reported is the work done in Ezypt. Laboratory studies demonstrated that Marisa is a
voracious predator on each of the three local snail species of medical or veterinary
importance (Bulinus truncatus, Biomphalaria alexandrina and Lymnasa caillizudi). The
predator attacks not only egss and young, but fully adult specimens of each (Demian &
Lufty, 1965a, b, & ¢).

In addition to these studies, another most important piece of laboratory research
was performed. This was the test of tha extent to which Marisa would feed on a large
number of species of plants, including aquatic pests and a large number of terrestrial
species, both beneficial and harmful (Demian & Ibrahim, 1969). The plants found acceptable
to the snails included eight species of floating and rooted submerged aquatics, plus 30
specics of soft-lecaved terrcstrial dicotyledons. The snails did not feed satisfactorily
on any terrestrial or semiaquatic monocotyledons (18 species) ard they also rejected 21
specics of terrestrial dicota, many of which-produce noxious chemicals. Of special interest
in this study was the failure of larisa to sccept rice plants, and although Demian and
Ibrahim are cautious about full acceptance of tha result, rice had been a spacific source
of concern in evaluating the potential effects of introducing such a voracious feeder.

The next step was to test the effect of Marisa on populations of undesirable snails
under conditions approaching those in the field, but in situations designed to prevent
its escape, should its introduction prove to be unwanted.

In 2 series of small experimental canals, well designed to prevent the escape of
Marisa, the results were the same as they had been in the laboratory (Kamel, 1973).
Bulinus truncatus was completely eliminated, regardless of the relative initial densities
or of the season in which the experiment was begun. Control populations of B. truncatus
continued to flourish.

There experiments seem to have removed any objections to full field trials in Egypt,
but Marisa should be tested equally carefully in Africa south of the Sahara before its
practical use is attempted.

4,2 Helisoma duryi

Ran's Horn snails of the genus Helisoma are popular for use in fresh-water aquaria.
These planorbids are well-adapted to aquarium life, and anecdotal reports have been made
from time to time of their displacing other species (Rasmussen, 1974)., Helisoma duryi
is the species that has drawn the most attention, due to the vigorous efforts of
Dr G. Mandahl-Barth of the Denmarks Aquarium.

The species was brought to Egypt, and introduced into an outdoor concrete-lined pool
which had been used to maintain a supply of Bulinus truncatus and Biomphalaria alexandrina.
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Ono year later, H. duryl was abundant in the pond,.had spread to three others, and had
clinluated the two species of intermediate hosts from all of them (Abdallah & lasr,

1973; Rasmussen, 1974). lNo controls are reported, and no experiments were carrled

out in canala or other flowing water, which characterize the normal habitats of B, truncatus
and B, nlexandcina in Egypt. The more or luss casual observations must be regarded as
juzonelusive for control of vectors.

The proponents of the use of H. duvyi, howvever, felt sufficiently encouraged to carry
out further experiments in Tanzania. The first experimant, 2n introduction into a pond
ncar Muanza, ended inconclusively as far as Biomphalaria pfeifferi was concerned, both
specics disappearing during a drought.

The second introduction of Heligoma was into a series of experimental canals near
Moshi. The data presented do not indicate that any reasonable experimental design was
uscd, as there is no indication of what either Helisoma duryi or Biomphalaria pfeifferi
would have done in the absence of the other species. Both species persisted throughout
the study, and there was a general trend towards an increase in abundance of both species
in all canals. No convincing evidence is available to show that either species had any
effect on the other.

The foregoing interpretation is at variance with that of the original author (Rasmussen,
1974), whose discussion indicates encouraging results.

4.3 Pomacea haustrum

A sccond specics of ampullarid snails has been investigated in Brazil by Andrade
(1969) and by Paulinyi & Paulini'.(1970). Pomacea haustrum appears to act in much the
same way as Marisa against Biomphalaria glabrata. As far as we know, field experiments
have not been attempted. The natural distribution of P, haustrum is over much of South
America. 1t thus appears probable that increasing its natural abundance will be difficult,
except for introducing it into newly created habitats which it has not reached.

4.4 Potamopyrgus jenkinsgi

This minute hydrobriid snail has been proposed as an agent for the control of Bulinus
truncatus (Doby et al,, 1965). The proposal was based on the observation of its having
apparently displaced B. truncatus from a number of habitats on the island of Corsica, and
on its rapid spread over the continent of Europe. No follow-up is known to us.

4.5 Bulinus tropicus

Like Helisoma, Bulinus tropicus has been observed to displace Bulinus truncatus in
laboratory aquaria; and its use as an agent of biological control has been suggested
(Mandahl-Barth, 1965). There are some features of its ecological distribution which
suggest a complementarity with other members of the B. truncatus group of species. It
is known to be a host of Schistosoma bovis, however, and thus caution is indicated where
cattle are important. Alves (1956) has provided a description of an accidental field
experiment in Rhodesia in which B, tropicus displaced B. (Physopsis) globosus. The result
was only temporary, however, and B. trcpicus was eventually displaced itself, with B, globosus
returning to its former abundance. '

4.6 Tarebia granifera

This thiarid snail is in the same category as Pomatopyrgus. It has been observed
to spread in Puerto Rico, and in some areas there has been a decrease in abundance of
Biomphalaria glabrata. Tarebia, however, is a satisfactory host for Paragonirus westermani,
and its use as a biological control agent is not recomuended (McMullen, 1973).
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5. SNALL POPULATION REDUCTION THROUGH 'THE INTRODUCTION OF PREDATORS

There exist in the literature a great many casual observationa of predation on snails
by runy different species of animals.  Ferguson (1972), for example, lists some 32 examples
of predation, documented by more than 40 references. Sone of them are obviously pathological
ruaulis of confinencat in aquiria; others are of no possible practical importance.  Aside
from Hicisa, which Ferguson lists as a predator, only two exanples have been the subject
of sufficient study to warrant d:scription in this report, ond the reader is referred to

Fergusou's piper for the remalning references, For analogues comments, see Levine (1970)
and Berg (1973).

Similar remarks apply to the list of parasites, onz group of which have been studied
extensively, and is discussed below.

5.1 Snail-eating fishes

Snails are eaten by a nunber of specles of fishes, and various authors have supported
the use of fish in snail control,. Inasmuch as fish ponds in many parts of the world
constitute potential sites for transmission of schistosomiasis, the use of specific kinds
of fish to ke2p down populations of intermediate hosts would be a mqjor advantage.

Actual examples, however, are few, and are confined to Africa. De Bont (personal
cormunication) reports that schistosome bearing snails were kept out of fish ponds in
Zaire (then Belgian Congo) by the introduction of Serranochromis sp. (presumably S. macroce-
phala). The fish are palatable, and after consuming the snails are able to thrive on
other aquatic life, so that a continuous population can be maintained (De Bont & De Bont Hers,
1952). Serranochromis is only one of a number of snail-eating fishes in Africa, and
further work indicates that Astatovzochromis alluaudi cay also be a potential agent for
control of snails (Mvogo & Bvard, 1964), but data from East Africa are inconclusive (N. Ansari,
personal cormunication). Doubtless the nature and managemant regime of the ponds in
question would have an important bearing on the usefulness of these or other species of
fish. The East African work, for example, was carried out in small impoundments, not
intended to be managed as fish ponds.

The method could well be explored further, as there appear to be no potential ill
effects, so long as the method is used within the natural distribution of the fish species
in question. There are many examples of the unanticipated bad effects of the introduction
of various species of fishes. The recent escape of the "walking catfish" in Florida is
an example much to the point as members of its genus (Clarias) are stated by Mozeley (1951)
to be predators of snails.

5.2 Snail-eating insects

The great majority of successful examples of biological control of undesirable species
have involved the use of insects. This fact probably r=flects both the effort of entomolo-
gists and the preponderance of insect species in part, but it alsoreflects the fact that
insects have properties that increase the likelihood of their conforming to DeBach's (1974)
list of qualities of good biological control agents. The power of £light and the tendency
to specific foods combine to increase searching ability and specificity for a host, and
they normally also have high rates of reproductien, ’

In theory, then, special attention should be given to insects that prey on snails,

5.2.1 Sciomyzid flies

These insects are highly spe¢ialized to feed on wollusks as larvae, and nearly all
of the hundreds of species which have been investigated feed on gastropods. Interest in
their use as agents of biological control was initiated by C. 0. Berg (1953), and has been
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sustained by him (Berg, 1959, 1961, 1964a & b, 1966a & b, 1973) and his students (Berg
et al., 1959; Berg & Meff, 1959; Bratt et al., 1969; Fontana, 1972; Poote, 1959;
Footc et al,, 1960; Kaczynski ct al., 1969; Knutson & Berg, 1963, 1964; Knutson

et al,, 1967; MNefE, 1964%; Neff & Bay, 1961, 1962, 1966).

Scicny=ids have properties that do not entirely coincide with Deldach's criteria.
The adults of species that attack the aquatic sunails that transmit schistoscies do not
scek out the prey of the.larva for egg-laying, as would be desirable for a predator with
a high searching efficiency. The eggs are ordinarily laid on emergent vegetation, and
the lacvae must find snails on their own, Conversely, the species in which adulrs seek
out larval prey and lay eggs on their shells are parasitoids of terrestrial snails. These
species are also the most host-specific of the konown sciomyzids.

Counterbalancing these disadvantages is the fact that the species feeding on aquatic
snails kill many more prey during larval developmeat than do the parasitoids, which kill
a single specimen only.

An additional disadvantage of sciomyzids is the fact that they are most effective in
shallow water or on mud. Eckblad (1973), for example, found significantly higher predation’
rates vhen the same number of prey were kept in water 0.5 cm deep than when the water was
10 cm deep. ’

Despite the difficulties, research on sciomyzidae should be encouraged, as many species
remain unstudied, and it is likely that desirable properties may be found among them.
Moreover, the demographic properties of the individual predator-prey systems are only
beginning to be investigated (Geckler, 1971; Eckblad & .Berg, 1972; Eckblad, 1973), and
theae studies provide an extra basis for rational choice of control agents.

One introduction of a sciomyzid species has been made in an attermpt to control a
trematode parasite, Sepedon macropus from Nicaragua was introduced into Hawaii in 1958
for the control of Fasciola gigantica. The flies are known to have become established,
and to kill the intermediate host, Lymnaea ollula (Chock et al., 1961). The attempt was
not accompanied by any quantitative studies, and a practical effect cannot be reported,
either for the parasite or the snail host (Berg 1964b, 1973).

5.2.2 Other predaceocus insects

Among the many species of insects that have been observed to feed on snails (Michelson,
1957; and Ferguson, 1972, give extensive lists), the only non-iciomyzid that has received
more than cursory attention is the aquatic hemipteran Limnogeton fieberi, which was studied

in Egypt by Voelker (1966, 1968).

The species is an obligatory feeder on snails, and in quantitative studies, required
an average of 126 snails to grow from first instar to the adult stage. There appeared
to be no specificity of choice by the bugs, and virtually all local species of freshwater
snails were eaten. Biomphalaria alexandrina constituted about half of the total, most
of which were consumed during the second half of the 6-7 week developmental period.

Inasmuch as Limmogeton is abundant in the Nile Delta, it is obviously not preventing
the transmission of schistosomiasis, but such a voracious feeder on snails might possibly
have a serious impact on populations of intermediate hosts, particularly outside its
natural range in North and Central Africa.

L]
It is necessary to call attention to the cautions given above (2.1.3,2.1) concerning
the potential dangers of introducing predators. The cautions also apply to the Sciomyzidae.
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6. THE USE OF MON-HUMAN TREMATODES ACAINST SCHISTUSOMES AND THEIR SHAIL HOSTS

The last 10 years nave vitnessed a large awmount of careful and intercsting research
on the Interactions of differeat species of trematodes infecting the same snails (see

Lic, 1973, and Lim & Heyneman, 1972 for recent reviews).

The stimulus for this work was the dewonstration that certain conbinations of species
of trematodes show marked antagonism between the larval stages in the same snail (Lie
et al., 1965). The entagonism may take the form of direct predation by one species
on the other, or may be indirect, operating by chemically-induced degeneration of the
other species.

Happily for the experimenters, schistosome sporocysts are inferior to most redia-
producing species, especially the echinostomes (Kuris, 1972). The idea was thus conceived
that schistosome infection in snails co.ld be eliminatad in nature by massive infections
with echinostome miracidia, which would bc harmless to man or to animals important to

man.

The work has progressed to the point where a number of small-scale trials have been
carried out in the field in Malaysia and Thailand. Some of these field experiments have
been successful; some have not (Lie et al., 1970, 1971, 1974a & b). In the experiments
in which the schistosome (S. spindale, a parasite of the water buffalo) was eliminated,
it was possible to achlieve the very high infection rate of 70% of Echinostema malayanum
in the snail population. Where for one reason or another, this could not be achievad,
negative results were obtained. One of the difficulties was caused by epidemics of
a microsporidian hyperpafasite in both trematodes, The microsporidia affects Echinostoscma
more than Schistosoma, thus hampering the former. In successful experiments, the
snail population was severely reduced, in addition to the direct affect on the schistosome,
This is due to increased death rates and decreased fecundity caused by the parasites..

In 2n unsuccessful experiment in Thailand, the snail infection rate could only be raised
to 51.5% (Lie et al., 1974b), despite the introduction over seven months of 596 million
echinostone eggs into two ponds estimated to contain 13 000 snail-. Failure to obtain
a higher infection rate was attributed to the high turbidity and the loss of eggs in the
silty bottom. The snail population was not measurably affected.

As intriguing as this approach to schistosome control may be, there are practical
problems to its extension, and they may prove to be insurmountable. The results
emphasize the necessity of achieving a very abnormal infection rate of the antagonistic
species in snail~ (707 or more); and this is easily seen to be necessary on theoretical
grounds. In order to achieve such rates, hundreds of millions of eggs were introduced into
small ponds covering 77 m2° to less than 1000 m2. The calculated success rate of these
eggs is unexpectedly poor, based on estimated pupulation sizes and the assumption that the
snail host, Indoplanorbis exustus, has an average survival comparable to that of Biomphalaria
alexandrina in the field (Hairston, 1973). If the assumption iz correct, the best
cxperiments involved success rates of eggs of around 1-27 - slightly worse than natural
success of eggs of Schistosoma japonicum (Hairston, 1962) or S. mansoni (Hairstom, 1965).

Lim & Heyneman (1972) make the point that only about 3. rats were need2d to keep .
the experiments going. Extrapolation is dangerous, but these involved sn- .1 populations
of up to 8000 per pond, In Palo, Leyte, the standing crop of snail: (Onc - -lania hupensis
quadrasi) was calculated to be around 107 000 000 f4nairston & Santos, 1961. Other
factors being equal, using larval antagonism as a .catrol measure in Palo w..1d have involved
a colony of rats numbering in the tens of thousands. It is clear that bei.:e the method
can “e cornsidered to have practical value, the efficiency of the system must be improved
many fold, and that will requive a major research effort to find suitably efficient parasites
amd 1o develap mass culture methods.



http:U1tO/SCHtSTO/75.40

Appendix 5 WHO/SCRISTO/75,40
paga 19

1. RECOMMENDATIONS

Our corments in conjunct:.n with the description of the methods that have been tried
shouw the resecvations that we have regarding the various nethods of non-chemical control.
We are unable to cadorse aay method in a cempletely unqualified mamner. In additfon to
tha (valuatizns, we have bem asked to make recormencations for future research in this

arca.  Accosdingly, we recomaend that!

7.1 The Organization promote research on means of making the effective habitat alterations
and the improvenments in land use more attractive to tha affected branches of governments
other than health deparvtnenrs. These include especially public works, land devalopment

and agriculture.

7.2 The Organization encocerage research on costs and benefits of having irrigation
water and irrigation drains placed in underground conduits, especially in areas of very
{ntensive land use sdch as the Nile Delta.

7.3 The Organization sponsor rosearch to resolve the question of potential damage by the
snail Marisa cornaretis to either:

7.3.1 rice plants at any stage of growth or

7.3.2 to the native aquatic fauna and flora of other parts of Africa. The latter studies
should be carried out with tha same degree of precautions against escape that have been
used in Egypt.

7.4 1f rice plants are unharmed under Egyptian conditions, the Organization should sponsor
field trials of the use of Marisa under natural conditions in canals and drains.

7.5 The Organization eacourage search in the tropics of both hemispheres for sciomyzid
flies or other obligatory snail predators having the following attributes:

7.5.1 High search efficiency for the iatermediate hosts of schistosomes and
7.5.2 Greater effectiveness as predators in water more than a few centimeters deep.

7.6 The Organization encourage field trials of appropriate scicmyzids and of Limnogeton
fieberi. The trials should take place on small islands where the effect of the introduction
can be evaluated, and where the introduction can be terninated in case of bad effects.

7.7 The Organizatlon encourage research on the usz of snail-eating fishes in any permanent -
impoundaents, especially those not intended for usc as fish ponds.

7.8 The Organization encourage search for agents or rethods of biological control that
can be used in flowing water. All agents now regarded as valuable are effertive only

in still water,

7.9 The Organization encourage interaction betwean workers interested in non-chemical

means of snail control and those experts in biological control in the field of agriculture.
The exparience of those experts is contradictory to the untested opinions of some schistosome
biologists (see, for example, DeBach, 1974 and Wright, 1968).

7.10 The Organization make efforts to obtain as much scientifically reported infornpation
as possible about snail control efforts in the People's Republic of China, including an
assegsment of the effectiveness of different wmethods, and of the result of the efforts

on transmission of schistosomiasis. '


http:wno/ScRiSIO/75.40

WHO/VBC/ 25,573
WHO/SCHISTO/ 75.40
page 20 °

REFERENCES

Abdallah, A, & Base, T, "9 ) Licdiror.. ducyi as a means of biological control of

schistosomianis vector suiils. J. Epypt. Mad. Assn., 56, 514-20

Al §. ;. & Rozevoon, Lo E. (1973) Compreative loboratory observations on selective
mating of Acdes (Stcepomyia) - Wepictus Skuse and A, (S.) polynesiensis Marks,
Mosquito Hews, 33, 23-28

Alves, W. (1956) An isolated probl s in . i) _ecology. (Unpublished mimeo. WHO/Bil.
Ecol/12, p. 1-3)

Antarazan, M. (1955) Biolegic.l coutrs! of aquatic snails. Indian J. Vet. Sci. Anim.
Husbaadry, 25, 65-67

Andrade, R. M. (1969) Rev. Brasil, salar., 21, 5Y-

Andiade, R. M. & Antuacs, ¢ M, F. (1969} Cumbate Biologico: Tilapia melanopleura
Dumeril versus Biowmpualavia glabivats (Say), em condicoes de laboratorio,
Revis:za Brasileiva di Malariolog . = Doengis Tropicais., 21, 49-58.

Barbosa, F. S. & Barteto, A, €. (1960} Differenc«s in susceptibility of Brazilian
strains of Australorbis glabratus to Schistosoma mansoni. Exp. Parasitol., 9, 137-140

rasch, P. F. (1970) Relationships o some larval strigeids and echinostomes (Trematoda):
Hyperparasitism, antazonism, and "immunity" in the snail host. Fxper. Parasitol.,
27(2), 193-216

Basch, P. F. & Lie, K.J. (1966) Infection of single snails with two different trematodes.
1. Sinultaneous exposure and early Adevelopment of a schistosome and echinostome,
Z, Parasitenk., 27, 252-

Basch, P. F. & Lie, K. J. (1966) Infaction of single snails with two different trematodes,
II. Dual exposures to a sch.stosome and an echinostome at staggered intervals.
Z. Parasitenk., 27, 260

Basch, P. F., Lie, K. J. & Heyneman, D. (1969) Antagonistic interaction between strigeid
and schistosome sporocysts within a snail host. J. Parasitol., 55, 753-758

Basch, P, F., Lie, K. J. & Heyacman, D. (1970) Experimental double and triple infections
of snails with larval trematodes. .SE Asian J. Trop. Med. Pub. Health, 1(1), 129-137

Berg, C. 0. (1953) Sciomyzid la:.va: (Diptera) that feed on snails. J. Parasitol.,
39, 630-636

Berg, C. 0. (1959) Mew approach to coantrol of flukes.  Farm Res., 25(1), 8-9.

Berg, C. 0. (1961) Biology of snail-killing scicmyzidae (Diptera) of North America
and Europe. Verhandl. XI. Intzarnat. Koneo. 5it. Wien, 1960, 1, 197-202

Berg, C. O. (1964) Snail killing sciomyzid flies: Biolozy of the aquatic species,
Proc. Internatl. Assoc. Theorct. Appl. Limncl., 15, 926-932

Berg, C. 0. (1964b) Snail control in trematode diseases: The possible value of sciomyzid
larvae, snail killing diptera. In: Advances in Parasitology, Vol. 2, 259-309
(B. Dawes, ed.). Academic Press, London




WHO/VBC/73.573
Appendix 5 WHO/SCHISTO/75.40
page 21

Berg, C. 0. (1966a) The evolution of parasitoid relationships in malacophagous Diptera,
especlally the Sciomyzidae, Proc. Firat Internatl, Congr. Parasitol., Rome 1964,
1, 606-607

Intecnatl, CongewsaPacasicol., Rome, 1954, 2, 359-9%)

Tavre, C. 0, (1Y66b) Can malacophagous Diptera contrcl trematode diseaser:  Proc. First

Berg, C. O. (1973) Biological control of snail-borne digeases: A review. Exper. Paragitol,,
33, 318-330

Berg, C. O., Foote, B. A. & Neff, S. E..(1959) Evolution of predator-prey relationships
in snail killing sciomyzid larvae (Diptera), Bull. Azar, Malacol. Union., 25, 10-11

Berg, C. 0. & Neff, S. E. (1959) Preliminary tests of the ability of sciomyzid larvae
(piptera) to destroy snalls of medical importance, Bull. Amex, Halacol. Union.,
25, 12-13

Birch, L. C. (1953) Experimantal background to the study of the distribution and abundance
of insects. Y. The influence of temperature, moisture and food on the innate
capaclty for increase of three grain beetles. Ecolozy, 34, 698-711

Bratt, A. D., Knutson, L, V., Foote, B. A. & Berg, c. 0. (1959) Biology of Pherbellia
(Diptera: Sciomyzidae), Mem. Cornell Uaiv. Agric. Exp. Sta., 40%, 1-247

Canning, E. U. & Basch, P. F. (1968) Perezia helminthoruz sp. nov., A microsporidian
hyperparasite of trematode larvae from Malaysian snails. Parasitology, 58, 341-347

Carothers, J. C. & Allison, R. (1960) Control of snails by the Redear (shellcracker)
Sunfish. FAO Fisheries Rept., 44(5), 399-406.

Chernin, E. (1961) Mewer aspects of the biology and biological contxrol of the schistosome
vector, Australorbis glabratus. Industry and Tropical Health, 4, 112-119

Chernin, E. (1962) The unusual life history of Daubaylia potomaca (Nematoda: Cephalobidae)
in Australorbis glabratus and in certainm other freshwater snails, Parasitology,
52, 459-481

Chernin, E. (1968) Interference with the capacity of Schistosoma mansoni miracidia to
infect the molluscan host, J. Parasitol. 54, 509-16

Chernin, E., Michelson, E. H. & Augustine, D. C. (1956) Studies on the biological control
of schistogsome-bearing snails. I. The control of Australorbis glabratus populations
by the snail, Maxrisa cornuarietis under laboratory conditions., Aner., J. Trop. Med.

Hyg., 5, 297-307

Chernin, E. & Peristein, J. M. (1971) Protection of snails against miracidia of Schistosoma
mansoni by various aquatic invertebrates. J. Parasitol., 57, 217-219

Chock, Q. C., Davis, C. J. & Chong, M. (1961) Sepedon macropus (Diptera: Sciomyzidae)
introduced into Hawaii as a control for the liver fluke snail, Lymuoea ollula.

J. Econ. Entomol., 54, 1-4.

Collier, B. D., Cox, G. W., Johnson, A. W. & Miller, P. C. (1973) Dynanic Ecology,
Prentice-Hall, Englewood Cliffs, N.J., USA, 563 pp

Davis, G. M. & Ruff, M, D. (1973) Oncomelania hupensis (Gastropoda: Hydrobiidae).
Hybridization, genetics and transmission of Schistosoma japonicum. Malacol, Rev.,

6, 181-197



http:trd/SCIIISTO/75.40

wWAOS YA TD. 213
WHO/ ZCHISTO/75.40
page 22

Dazo, B. C., Hairston, N. C. & Dawood, 1. X. (1956) The ecology of Bulinus truncitus
and Eiomphalaria alexandrina and its implicutions for the control of bilharziasis
in the Egypt-49 projsct area. Lull. Wid., Hlth. Org., 35, 339-356

Dedach, P. (196%) (ed.) Biological control of insect pests and weeds,  Chapman and Hall Led.,
Io:don

DeSach, P. (1966) The competitive displacement and coexistence principles.  Ana. Rev.
Entowol., 11, 183-212

DeBach, P. (1974) Biological control by natural encmins.  Cambridge University Press,
xi + 323 pp

Dedack, P. & Suuby, R, A. (1963) Compatitive displacensnt betwsen ecological homologues.

Hilgardia, 34, 105-166

DeBach, P., Rosen, D. & Kennett, C. E. (1971) Biological control of coccids by introduced

natural enemies. Chapter 7 (pp. 165-194) In: Biolosical Control. 3. B. Huffaker,
ed. Plenum Press, N.Y.

De Bont, A. F. & De Bont Hers., M. J. (1952) Mollusc control and fish-farming in Central
Africa. Nature, 170, 323-324

Demian, E. S. & Ibrahim, A. M. (1969) Feading activities of the snail Marisa cornuarietis
(L.) under laboratory conditions.  Proc. Sixth Arsb. Sci. Congress, 1, 145-165

Demian, E. S. & Lutfy, R, G. (1965) Prospects of the use uf Marisa coranarietis in the
biological controi of Lymnaca caillaudi in tha U.A.R. Proc. Esypt. Acad. Sci.,
18, 46-50

Denian, E. S. & Lutfy, R. G. (1965b) .Predatory activity of Marisa cornuarietis against
Lulinus (Bulinus) truncatus, the transmitter of urinary schistoscmiesis,  Ann. Trop.
Med. Parasit., 59, 331-336 -

Demian, E. S, & Lutfy, R. G. (1955¢) Predatory activity of Marisa cornunrietis against
Biomphalaria alexandrina under laboratory conditioas. Aan: Trop.Hed, Parasit., 59, 337-339

Demian, E. S. &[Mtfy,R.G.(1966)FattorsaffectingthepredaticnofMarisaCornuarietison
Bulinus (B.) truncatus, Biomphalaria alexandrina and Lymnaea caillaudi, Oikes, 17, 212-230

den Boer, P. S. & Gradwell, G, R. (1971) Proc. Adv. Study. Inst. Dvnamics nuxzbers Popul,
(Costerbeck, 1970). Centre £. Agri. Publ. & Documentat: »n, Wagenwegen.

Deschiens, R. & Lamy, L. (1954) Action prédatrice des écrevisses des genres Astacus
et Cambarus sur les mollusques vecteurs des bilharzioses. Bull Soc. Path. exot.,
47, 809

Deschiens, R, & Lamy, L. (1955) Pré&hension et ingestion des mollusques vecteurs des
bilharzioses par les écrevisses du genre Cambarus. Bull. Soc. Pathol. Exotigue,
48, 201-203

Deschiens, R., Dechance, M. & Vermeil, C. (1955) Action prédatrice des crabes d'eau douce du
genre Potamon sur les mollusques vecteurs des bilharzioses. Bull. de la Soc. de
Pathologie Exotique, 48, 203-207

DeWicer, W, B, (1953) Susceptibility of snail vectors to geographic strains of Schistosoma
Japenicum,  J. Parasitol., 41, 453-456




WHO/VBC/75.573
Appendix 5 WHO/SCH1STO/75.40

page 23

Dias, E. (1954) Nota previa sobre ensalos de combate aos planorbidcos poe metodos
blologlcos o bloquinicos, Mem, doimatituro Oawaldo Cruz, 52, 247-252

Doby, J. M., Mandahl-Barth, G., Chabaud, A. & Deblock, S, (1955) El{mination de

fulinel_trunzatus rivulacts (Philippt) de collections d'eas connuas pour 1'héberger
pir 22Ianudvruus o kinsl (Saizh, 18%9) (Hydrobildis;, et utilisation fvantaselle de
ce zo>ilusgue pour le contrdle biologique des bilharzioses. C. R. Acad. Sci. Paris,
251, 4244-64246

Eckblad, J. W. (1973) Experimental predation studies of malacophagous larvae of Sepedon
fuszipeanis (Diptera: Sciomyzidae) and aquatiec snails.  Exper. Parasitol., 33, 331-342

Eckblad, J. W. & Berg, C. 0. (1972) Population dynamics of Sepedon fuscipennis (Diptera:
Sciczyzidae). Canadian Entomologzist, 104, 1735-1742

Eisenberz, R. M. (1966) The regulation of density in a natural population of the pond
snail, Lymnaea elodes. Ecology, 47, 889-506

Ferguson, F. F. (1968) Aquatic wzeds and man's well being. Hyacinth Control J., 7, 7-11

Ferguson, F. F. (1972) Biological control of schistoscmiasis snails. Proc. Symp. on Future
Schistosomiasis Control., pp. 85-91.  (Tulane University, New Orlearns) (ed., Max
Miller, Tulane U. 1430 Tulane Ave., New Orleans Moir.)

Fergusea, F. F. & Butler, J. M., jr(1966) Ecology of Marisa and its potential as an agent
for elimination of aquatic weeds in Puerto Rico.  2roc. Southern Wead Conf., 19, 468-476

Ferguscn, F. F. & Palmer, J. R. (1958) Biological notes oa Varisa cornuarietis, a predator
of Australorbis glabratus, the snail internediate host of schistosomiasis in Puerto
Rico. Amer. J. Trop. Hed, Hyg., 7, 640-642

Fergus=n, 7. F., Oliver-Conzalez, J. & Palﬁer, J. R. (1958) Potential for biological control
cZ sustralorbis glabratus, the intermediate host ol Puerto Rican schistosomiasis.
Amaz. J. Trop, Med. Hyg., 7, 491-493.

Fergusca, F. F. & Ruiz-Tiben, E. (1971) Review of biological control methods for schistosome-
bearing snails. Ethiopian Med. J., 9, 95-104.

Files, V. S. & Cram, E. B, (1949) A study on the comparative susceptibility of snail vectors
to strains of Schistosoma mansoni. J. Parasitol., 35, 555-560

Fontanz, P. G. (1972) Larvae of Dichatophora biroi (Kertesz, 1901) (Diptera: Sciomyzidae)
feading on Lymnea tomentosa (Pfeiffer, 1855) snails infected with Fasciola hepatica,

parasitologv, 64, 89-93

Foote, B. A. (1959) Biology and lif¢ history of the snail-killing flies belonging to the
genus Sciomyza Fallen (Diptera: Sciomyzidae).  Ann, Ento. Soc. Amer., 52, 31-43

Foote, 5. A., Neff, S. E. & Berg, C. 0. (1960) Biology and irmmature stages of Atrichomelina
pubera (Diptera: Sciomyzidae). Ann. Ent. Soc. Azes., 53, 192-199

Gause, G. F. (1934) The strugele for existence.. Williams and Wilkins, Baltinore,
x = 163 pp

Ceckler, R. P, (1971) Laboratory studies in predation of snails by larvae of the Marsh
Fly, Sepedon tenuicornis (Diptera: Sciomyzidae). Can, Entomol., 1093, £32%-¢A%

Gubler, D. J. (1970a) Induced sterility in Aedes (Stegcnyia) polynesiensis Marks by
cross-inseminztion with Aedes (Stegomyia) albopictus Skuse. J. Med. Ent., 7, 65-70



http:LIO/SCHtSTO/75.40

WHO/\V3AC/75.57)
WHO/SCIL500/75.40
page 24

Cubler, D. J. (1970%) Compacrlion of resroductive potentials of Aedes (Stegowmyia) albonictus
and lodes (Stezomyin) polyneaisnsia Harks, Hosquitn lews, 30, 201-209

Cuh!v:,'D. J. (1970¢) Compatitive displacensat of Aedss (Stegoavla) polvnesicasis Marks by
ﬁﬁ;“fi(ﬁ;eggpg(gl“qlgggigggg Skusa in laboratory populations, J. Mad, Entomol.,

T,
Iy o2

s

dackett, L. W, (1937) Malacia in Turnpe. Oxford Univarsity Press, xvi -+ 336 pp

Hairsten, N. G. (1962) Population ecology and epidemlological problems. pp. 36-62
In: Cr3\ Found., Symp. Bilharziasis (. O'Connor and G, Wolstenholi, eds.)
Churchill, London

Kairston, l. G, (1965) On the mathematical analysis 6f schistosome populations.
Bull, Wld. Hlth. Org., 33, 45-62

Hairston, N. G. (1973) The dynamics of transmission. pp. 250-336. In: Egidémiologv
and Control of Schistosomiasis (Bilharzinsis). N. Ansari ed. S. Karger, Basil

Haizston, M. G., Allan, J. D., Colwell, R. K., Futuyuma, D. J., Howell, J., Lubin, M. D.,
Mathias, J. & Vandermzer, J, H. (1958) The relationship betwsen species diversity
and stability: an experimantal approach wilth protozoa and bacteria. Ecology,

49, losl-1101 '

Hairstea, H. G. & Santos, B. C. (1961) Ecological control of the snail host of Schistosoma
Jjansnicum in the Philippines. Bull, Wid. Hlth., Org., 25, 603-610.

Hairston, N, G., Tinkle, D. W. & Wilbur, H. M. (1970) Natural selection and the paramaters
ol population growth. J. Wldlife Mot., 34, 681-650

iteynenan, D, & Lim, H. K. (1970) Attractioa of preducious rediae of the echinostome,
Paryshostomun segregatum, to sporocysts of Schistoscma mansoni and inhibition of
¢rvelopment of rediae induced by the prey sporocysts. J. Parasitol,, 56(4, Sect. 2},
144-145 :

Ha2ynern:, D. & Umathevy, T. (1987) A field experiment to test the possibility of using
double infections of host snails as possible biological centrol of schistosomiasis,
Med. J. Malaya., 21, 373

Heynenaa, D, & Umathevy, T. (1968) Interaction of trematodes by predation within natural
double infections in the host snail Indoplanorbis exustus. Nature, 217, 283-285

Hsu, lI. F. & Hsu, S. Y. L. (1967) The race complex of Onccmelania formosana in Taiwan,
China. Z. Trop. Med. Parasit., 18, 417-32

Heu, S, Y. L. & Hsu, H. F, (1960) Infectivity of the Philippine strain of Schistosoma
Jjaponicum in Oncomelania huvensis, 0. formos::a and 0. nosophora. J. Parasitol.,
46, 793-796

Hsu, §. Y. L. & Hsu, H., F. (1967) Further studies on susceptibility of Alilad race of
Onconelania formosana to further infection with various strains of Schistosoma
csonicun.,  J. Parasit., 53, 65%-55

Haw, S, Y. L, & Hsu, H, F. (1963) The strain complex of Schistosoma japonicum in Taiwan,
China, Zeitschr. Trop, Med,.Parasit., 19, 43-59 '

Hubendick, B. (1958) A possible method of schistosome vector control by competition between
resistant and susceptible strains. Bull, Wld. Hlth, Org., 18, 1113-1116




¥=2/VBC/75.573
Wi /3CALSTO/75.40

prae

26

levine, ¥. D, (1970) Intagrated control of snails,  Ansr. Zool., 10, 579-582.

Leviua, R, (1953) Fvolutfon in changlaz envirommanis.  Priaceton Univ. Preas,

Lie,

Lie,

Lie,

Lie,

Lie,

lie,

Lie,

Lie,

Lie,

Lie,

Lie,
Lie,

Lie,

Princetha, N.J., USA, x + 120 pp.

K. J. (19%6) Autagounlstic interaction between Schistosama mansonl sporocysts and
echinostomz rediae in tha snatil Australorbla slabrasrus,  MHature, 211, 1213-1215.

K. J. (1957) Antagonism of Paryohostomum segrezatua rediae to Schisto§cma.manaoni
sporocysts in the snail Biomphalaria glabrata. J. Parasitol., 53, $69-976.

K. J. (1969a) A possible biological control of schistosomiasis and other trematodes
in snails. Proc. Fourth S.E. Asfan Seminar in Parasit. and Trop. Med. pp. 131-141

K. J. (1969b) Role of irmature rediae in antagonisz of Paryohogtomum sggretatum_%o
Schisto3sma mansoni and larval development in degenzrated spo;ocysts. Z. Parasitenk,,

32, 316-323

K. J. (1973) Larval trematode antagzonism: Principles aznd possible application as a
control mathod,  Experimeatal Parasitology, 33, 343-349

K. J., Basch, P. F. & Heyneman, D. (1948) Dastruction of Schistosoma mansoni SpOrocysts
by echinostomas in the snail Biomohalaria glabrata. Abstrasts and Revicws 8th Internatl.
Congresses on Tropical Medicine and Malaria, Sep:, 1968, Teheres, pp. 48-49.

K. J., Basch, P. F, & Hoynewan, D, Direct snd indirect antagonism setween Paryphoztoma
segregucum and Echinostema paraensei in the snail Bio=ohalaria alabratu, Z., Parasitenk.,
31, 101-107 :

K. J., Basch, P. F., Heyneman, D., Beck, A. J. & Audy, J. R. (1968) Iniplications for
trematode control of interspecific larval antagonisa within snail hosts.
Trans, Royal Soc. Trop. Med. Hyx., 62, 299-319.

K. J., Basch, P, F,, Heyneman, D, & Fitzgerald, F. (1963) Antagonism between two
species of echinostom2s (Paryphostouum segregatun and Echinostoma lindoense) in
the snail Bicmphalaria glabrata, 2, f. Parasitenk., 30, 117-125 '

K. J., Basch, P. F. & lloffman, M. A, (1967) Antagonism between Paryphostomum segregatum
and Echinostcma barboaai in tha snail Biomphalaria straminea. J. Parasitol.,
53, 1205-1209

K. J., Basch, P. F, & Umathevy, T. (1965) Antalonisa batween two species of larval
trematoces within tre same gnail, Nature, 206, 422

K. J., Kwo, E. H, & Owyang, C. K. (1970) A field trial to test the possible control
of Schistosoma gpindale by means of interspecific trematode antagonism., S.E., Asian
J. Trop. Med, Pub,.Health, 1, 19-28

K. J., Kwo, E. H. & Owyang,. C."K. (1971) Further field trial to control Schistosoma
spindale by trematode antagonism. S.E. Asian J. Trop. Med. Publ. Health, 2, 237-243

K. J., Lim, H. K., & Ov-yang, C. K. (1973) Synergisa and antagonism between two trematode
species in the snail Lymnaa rubiginosa, Int, J. Parasitol., 3, 729-733

K. J. & Ow-yang, C. K. (1973) A field trial conmtrol Trichobilharzia brevis by
dispersing eggs of Echinoatoma audyi. S.E. Asian J. Trop. Med. Publ, Health,
4, 208-217 B




WHO/VvBC/75.573
WHO/SCUHLSTO/ 75.40
page 25

Huff~ker, C. B. (1957) Fuadamentols of biolegical control of weeda. Hilpardia, 27, 101-157

Huffaker, C. B. (1958) Cxperimental studics on predation: Dispersion factors and predator-
prey ossillations,  Hilagazdia, 27, 343-3835

Lufiakar, €. B, (1971) Taz phznemanon of predation and its volw in rature. In: Mumnauics of
Populitions", Proc. Adv., Study Inati. Dynamics liunbers Popul, (Oosterbaek, 1870)
(eds. P. J. denloer & G. K. Gradwell) Center of &zric. Publ. and Documentation,
Wagenw=3en

Kuffaker, C. B. & Messenger, P, S, (1964a) Chap. 3. In: Biological Control of Insect
Peats and WHeeds. P. DeBach ed. Reinhold, New York, €44 pp

Huffaker, C. B. & Messenger,” P, S. (1964b) Chap. 4. In: Biological Control of Imsect Pests
and Weads. P. DeBach.ed. Reinhold, New York, 844 pp.

Huizinga, H. ¥, (1973) Ribeiroia marini: Pathogenesis aznd larval trematode antagonism in
the snail, Biomphalaria glabrata, Exper. Parasitol., 33, 350-364

Jobin, W. R, (1970) Control of Bicmohalaria glabrata in & small reservoir by fluctuation
of the water level. Amer. J. Trop. llad. Hyg., 19, 1C49-34,

Jobin, W. R, & Berrioa-Duran, L, (1970) Cost of harvasting and spreading Marisa cornuarletis
for biological control of Biomphalaria glabrata in Aibonito, Puerto Rico.
Bull. W1d. Hlth. Org., 42, 177-179

Jobin, W. R., Ferguson, F, F. & Palmer, J. R, (1970) Contzol of schistosomiasis in Guayomna
and Arroyo, Puerto Rico. Bull, Wld, Hlth. Orys., &2, 151-1356 '

Jobin, W. R. & Ippen, A. T. (1964) Ecological design of irrigation canals for snail
control. Scicnce, 145, 1324-1326

Jobin, W. R. & Michelson, E. H., (1969) Operation of irrization reservoirs for the control
of snails. Am. J. trop. Ma=d. Byg., 18, 297-30%4

Kaczynski, V. W., Zuska, J. & Berg, C. 0. (1969) Tatoncmy, inmature stages, and bionomics
of the South American genera Perilimnia and Shannonia (Diptera: - Sciomyzidae).
Ann. Ent. Soc. Amer., 62, 572-592

Kamel, E. G. (1973) Studies on tha biology and biolczical control of schistosome-carrying
snails in Epypt. M.S. Thesis Ain Shang Univ., Cairo. 260 pp.

Knutson, L. V. & Berg, C. 0. (1963) Biology and inmature stages of a snail-killing fly,
Hydronya dorsalis (Fabricius) (Diptera: Sciomyzidae). Proc, Roy. Ent. Soc. London
(&), 38, 55-58 -

Knutson, L, V., Neff, S. E, & Berg, C. O. (1967) Biological snail-killing flies from
Africa and Scathern Spain (Sciomyzidae: Sepedon).  Parasitology, 57, 487-505

Krebs, C. J. (1972) Ecology. The Experimental Analvsis of Distribution and Abundance.
Harper & Row, New Yorlk, x + 694 pp.-

Kuris, A. M. (1973) Biological control: Implications of the analogy betwsen the trophic
interactions of insect pest-parasitoid and snail-tresmatode system. Exper. Parasitol.,

33, 365-379

Leon, D. De, (1970) Experimental infection of Pomacea zustralis (d'orbigny), refractive
for Fasciola hepatica (L.), receptive to Angiostronmgylus cantonensis (Chen).
J. Agric. Univ. Puerto Rico., 54, 411-412



http:Fergu.on

WHO/VAC/75.573
Appendix 5 WHO/SCHISTO/75.40
page 27

Lie, K. J., Schaeider, C. R., Sorrmani, S., Lanza, G. R. & Impand, P, (1974) Biologicul
control by trematode antagonisa, X, A successful fleld trial to control Schistosoma
spindale in Northeast Thailand. S.E. Aaian J, Trop. Med, & Publ, Heulth,

5, 66-59

Lie, K. J., Schonelder, C. R., Sozamani, S., Laaza, C. R, & Inpand, P. (1974) bhiological
control by trematode antngonisim, II,  Failure to control Schistosoma spiudale 'in
a field trial in Northeast Thailand., S.E. #siza J. Trop. Med, & Publ. Health, 5, 60-64

Lin, H. K. & Heyneman, D. (1972) Intramolluascan intertrezatode antagonism: A review
of factors, influencing the host-parasite system aad its possible role in
biological control. Advances in Parasitolosy, 10, 191-268. (ed. B. Daees)
Acadenic Preas, London & N.Y.

Lo, C. T. (1967) The inhibiting action of Ostracods on snail cultures.
Trans. Aner. Microsc. Soc., 86, 402-405

Lotka, A. J, (1925) Elemeats of Physical Biology. Reprinted 1956 as: Elements of
Mathenatical Biology. Dover, New York, xxx -+ 455 pp.

Lowrie, R. C., jr. (1973a) The effect of competition between larvae of Aedes (S.) albopictus
Skuse and A. (S.) polynasieasis Marks. J, Med. Entemol., 10, 23-30

Lowrle, R. C. jr. (1973b) Displacement of Acdes (5.) polynesiensis Marks by A. (S.)
albopictus Skuse through competition dn the larval stage under laboratory conditionms.
J. Med. Entomol., 10, 131-136

Luckinbill, L. S. (1973) Coexistence in laboratory populations of Para mecium aurelia and
its predator Didinium nasutum. Ecology, 54, 1320-1327.

Luckinbill, L. S. (1974) Tha effects of space and enrichment on a predator-prey system.
Ecology, 55, 1142-1147

MacArthur, R, H. (1972) G=ographical Ecology. Harper & Row, New York. xviii + 269 pp.

MacArthur, R. H. & Wilson, E. O. (1957) The theory of Island Biogeograohy. Princeton
U. Press, Princeton, N.,J, 203 pp.

Macdonald, G. & Farooq, M. (1973) The public health znd econcmic importance of schistosomiasis.
pp. 337-353.  In: N. Ansari (ed.) The Epidemiology and Control of Schistosomiasis
(Bilharziasis). S. Karger. Basel and Unijversity Park Press, Baltiwore

Maillard, Y-P. (1971) La malacophagie dans le genre Hydrophilus Geoffroy (Ins. Coléoptires
Hydrophilidae); son intérdt dans le contrdle naturel des hdtes intermédiaires
d'helminthiases. Compt. Rend. Séances de l'Acad. Sci., Paris, 272, 2235-2238

Mandahl-Barth, G, (1965) A possible biolopical method of controlling Bilharzia gnails.
Unpub. lecture given at Ain Sham's Univ., Cairo 23 Nov. 1965

May, Robert M. (1973) Stability and Complexity in Model Ecosystems. Princeton Univ.
Press, W.J. USA, x + 235 pp

McMullen, D. B, (1973) Biological and envirommental control of snails. pp. 533-591.
In: Epidemiolozy and Control of Schistosomiasis, M. Ansari, ed. Karger, Basel
and University Park Press, Baltimore

McHullen, D. B., Komiyana, S. & Endo-itabashi, T. (1951) Observations on the habits,
ecology and life cycle of Oncomelania nosophora, the molluscan intermediate host
of Schistosoma japonicum in Japan. Am. J, Hyg., 5%, 402-415



http:inO/SC.uSTO/75.40



http:AdHth.Or






http:tttis.dn

Photograph 1:

Covered Spring
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Collector Tank
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Reservoilr
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Stand-pipe




Photograph 5:

>Ram Pumping Station
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Photograph 6:

Ram Pumping Station
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Fish Pond at
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Photograph 8:

Mpatemi. Dam,
Southern RDA
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Photograph 10:

Mbabane Health Center
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Photograph 11:

Stand-pipe; Local person
rjusing stand-pipe near
}Southern RDA
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Photograph 12:

Stand-pipe near Southern
RDA
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Photograph 13:

Stand-pipe near Southern
RDA
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Photograph 1l4:

Medical Officer and Matron;
Big~Bend Private Sector
Clinic




Photograph 15:
Main Canal with
rapidly flowing
water at CDC/SIS
Mhlume. Not stit-
able as snail
habitat.
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{ Photograph 16:

Distributary Canal
Rice cultivation
area CDC/SIS Mhlume.
(Bulinus sp., Melan-
oides sp. and Biom-

phalaria sp. in scoop)
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Photograph 17:

Damestic Water Supply
at village #5,CDC/SIS
Mhlume -

Photograph 18:

Laundry Facility at
Village #5, CDC/SIS
Mhlume .
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Photograph 19:

Irrigation Canal;
Rice cultivation area
CDC/SIS Mhlume
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Photograph 20:

{Hand Spraying of Molluscicide
lat Dam #I, Big Bend
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Photograph 21:

Hand Spraying of
Molluscicide at
Dam #1, Big Bend

Photograph 22:

DaIn #ll

Dipping for snails,
Big Bend




Photograph 23:

Biawphalaria sp.,
Big Bend
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T; Bulinus sp., Rice
M Cultivation area
1734 CDC/SIS Mhlume



Photograph 25:

Drainage Pond
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Photograph 26:

Canal without vegetation,
Big Bend
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Taiwan Demonstration
Rice Farm
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