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SUMMARY OF FINDINGS AND RECOMMENDATIONS
 

A. 	 Prevalence Surveys: The data collected from 3,711 individuals in 

the Nation.Prevalence studies showed the following: 

1. 	 Active transmission of Schistomsomiasis does not occur in the
 

Highveld.
 

2. 	 Schistosoma haematobium (urinary Bilharzia) is found throughout
 
the Middleveld with a prevalence of 34.5%.
 

3. 	 Schistosoma haematobium is found in the Lowveld with an overall
 
prevalance of 27.2%, but there is a decided difference between
 

the northern Lowveld (58%), central Lowveld (23%), and southern
 

Lowveld (17%).
 

4. 	 The sex distribution of Schistosoina haematobium shows a
 
consistently higher prevalence for males in all four
 

geophysical areas.
 

5. 	 Age distribution of Schistosoma haematobium shows that children
 
are exposed at an early age (28% of the 4-5 years olds were
 

found positive). The peak prevalence is found in the 14-15
 
year 	old group (41%). In the adults, the rate declined to 5%
 

in the over-30 age group.
 

6. Prevalence of Schistosoma haematobium is lower in children
 

living in irrigated areas when compared to children from nearby
 
non-irrigated areas.
 

7. 	 The prevalence of Schistosoma haematobium was 17.0% in children
 
who had pit latrines at their homesteads and a piped water
 

supply. Those students without pit latrines ane,piped water
 
had a 29.6% prevalence.
 

8. 	 Intensity of infection, as determined by egg counts in 10 ml of
 
urine, was low.
 

9. 	 Schistosoma mansoni is rarely found in the Middleveld, with an
 
overall rate of 2.3%.
 

10. 	 The age distribution of Schistosoma mansoni shows very early
 
exposure with the 2-3 year olds having a 28% prevalence. The
 
peak prevalence is found in the 18-19 year olds (47%). In the
 

adults, the infection rates remain relatively high at 18%.
 

11. 	 The distribution of Shistosoma mansoni is generally confined to
 
the Lowveld with the northern Lowveld at 30.9%, the central
 

Lowveld at 12.9%, and the southern Lowveld at 15.6%.
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12. 	 The prevalence of Schistosoma mansoni is higher in school
 
children living in irrigated areas than in children from nearby
 
non-irrigated area.
 

13. 	 There was no marked difference in prevalence of Schistosoma
 
mansoni related to source of domestic water and sanitation in
 
the homestead.
 

14. 	 Egg counts of Schistosomsa mansoni were low; 87% of positive
 
cases were shedding less trar. 50 eggs per gram of stool. Peak
 
counts were in the 'J,-14 age group. Adult counts were very
 
low, with 85% of ositive adults shedding 10 or less eggs per
 
gram of stool.
 

15. 	 Schistosoma mattheei is found in Swaziland with a prevalence
 
rate of less than 1%.
 

B. Malacologizal Survey
 

1. 	 Bulinus (Physopsis) africanus is the snail intermediate host of
 
Schistosoma haematobium. This snail is rarely found in the
 
Highveld, but is common in the Middle and Lowvelds.
 

2. 	 Biphalaria pfeifferi is the snail intermediate host of
 
Schistosoma mansoni. It is not found in the Highveld, but
 
appears in scattered locations of the Middleveld, usually in
 
larger permanent bodies of water. It is common in the Lowveld.
 

3. Bulinus (Physopsis) africanus was found shedding schistosome
 
cercariae from September to April. It was also found shedding
 
echinostome, gymnophallid and strigeid cercariae.
 

4. Biphalaria pfeifferi was found jhedding schistosome cercariae
 
from January to April and also found shedding echinsostome and
 
strigeid cercariae.
 

C. Recommendations
 

1. 	 The emphasis of schistomsomiasis control activities should
 
continue to be school aged children. Mass screening and
 
treatment are the most cost effective means of schistosomiasis
 
control in Swazilard.
 

2. 	 millusciciding activities should be limited to well-defined
 
transmission points in the northern Lowveld.
 

3. 	 Chemical reagent strips for testing for blood in urine should
 
be used in rural clinics for rapid diagnosis of S. haematobium,
 
followed by immediate treatment.
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4. 	 Schistosomal drugs should be distributed to clinics and
 
hospitals through the Central Medical Stores. The Bilharzia
 
Control Unit should not be involved in providing drugs to
 
clinics.
 

5. 	 Health Education activities should be increased and targeted on
 
the school age population.
 

G. 	 The Bilharzia Control Unit should actively support the large
 
irrigated estates in schistosomiasis control activities.
 

7. 	 Metrifonate is the drug of choice for treatment of S.
 
haematobium.
 

8. 	 Praziquantel is the drug of choice for treatment of S. mansoni.
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SCHISTOSOMIASIS IN SWAZILAND
 

Executive Summary
 

Schistosomiasis (Bilharzia) in Swaziland is caused by three species
 

of blood flukes, called schistosomes:
 

1. 	Schistosoma haematobium - urinary schistosomiasis
 

2. 	Schistosoma mansoni 
- intestinal schistosomiasis 

3. 	Schistosoma mattheei - a narasite of cattle, sheep and goats 
that occasionally infects man. 

These are distinctly different parasites and are treated separately
 

in this report, though they share many common characteristics.
 

Life Cycle of Schistosomes
 

Schistosomes have complicated life cycles with strict biological
 

requirements. Each has a snail intermediate host, i.e., a part of the
 

life cycle is spent developing within a suitable snail. Failure to
 

find the specific snail species breaks the cycle.
 

The Adult worms live in the veins of man and produces eggs.
 

Depending on -he species, the eggs leave the veins and are passed
 

with the urine or stool. The immature larva, miracidium, hatches
 

on contact with water and must penetrate the appropriate snail host
 

within 24 hours. The organism proliferates rapidly within the snail
 

and about four to eight weeks later releases cercariae, the larva
 

form infective to man. 
 The infected snail continues to shed thousands
 

of cercariae for a period of months, if it survives. The cercariae
 

must find a human host within one to three days and penetrate the skin
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of humans who are exposed to infested waters. They then migrate
 

to the liver where development into adulthood continues. Maturing
 

male and female adults, in copulation, further migrates into the
 

pelvic veins (urinary) or the mesenteric veins (intestinal) to
 

complete the cycle.
 

Public Health Importance
 

The complications that arise from chronic infection are the major
 

public health hazard of Schistosomiasis. The disease is caused by
 

the inflammatory reaction of the human body to eggs that accumulate
 

in the body causing fibrosis and either haematuria or bloody diarrhea.
 

In later stages, tnere is a possibility of bladder problems, cancer,
 

kidney failure and pilmonary hypertension in the case of urinary
 

schistosomiasis, or anemia, bowel fibrosis and portal hypertension
 

wiLh intestinal schistosomiasis.
 

Swaziland National Health Policy: Priorities and Schistosomiasis
 

The National Health Policy of Swaziland stresses prevention of
 

disease rather than a curative hospital-oriented system. Primary
 

health core at the core of this system includes:
 

1. 	Provision of Health Education;
 

2. 	Promotion of Food Supply and Proper Nutrition;
 

3. 	Promotion of Clean Water Supplies and Basic Sanitation;
 

4. 	Provision of Maternal and Child Health Care, including
 
Family Planning;
 

5. 	Immunization;
 

6. 	Prevention and Control of Endemic Diseases;
 

7. 	Treatment of Common Diseases and Injuries;
 

8. 	Provision of Essential Drugs.
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Within those general guidelines, the National Health Policy
 

has a current Five Year Indicative Plan (1983-1988) which presents
 

specific goals, objectives and strategies. The current objectives
 

are to reduce infant and child mortality and morbidity with special
 

attention to diarrheal diseases, malnutrition, immunization, and
 

family planning services.
 

Schistosomiasis control has not been identified by the Five-Year
 

Plan as a riority problem, however, the Ministry of Health is
 

committed to maintaining the current budget for control. Furthermore,
 

the specific objectives for promotion of clean water supplies and
 

basic sanitation and health education support schistosomiasis control
 

activities. Health care strategies designed by the Ministri of Health
 

to reduce schistosomiasis in Swaziland will focus on the results of
 

the Prevalence and Malacological Surveys undertaken for this report.
 

Objectives of National Survey
 

The major objectives of the National Survey of Schistosomias were:
 

(1) 
to determine the current prevalence, geographic distribution,
 

specific high risk areas and populations for both urinary and intestinal
 

schistosomiasis and (2) to determine the effects of sanitation and
 

safe water on the control of schistosomiasis in rural Swaziland.
 

The objectives of the Malacological Survey were to define the
 

specific snail hosts, habitats, seasonal snail population dynamics,
 

transmission seasons and their interrelationships for use in
 

schistosomiasis control strategies.
 

The final objectives were to recommend and implement effective
 

control measures appropriate to the Ministry of Health policies
 

and resources.
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National Survey Results
 

information for the Prevalence Survey was gathered over an 18-month
 

period and includes data from 3,711 indi_,_uals at 40 primary schools,
 

two secondary schools and ten adult/prE£chool groups. In addition to
 

urine and stool specimens, domestic wal:er source and sanitation faci

lities were documented. The Malacological Survey, a 12-month inves

tigation, included monthly visits to 11 sites representing the typical
 

ecological spectrum of Swaziland. Identification of collected
 

specimens was verified by the Snail Research Unit of Potchefstroom
 

University, Republic of South Africa.
 

S. haematobium
 

In this study it was confirmed that active transmission of S.
 

haematobium occurs primarily in the warmer environment of the Middleveld
 

and Lowveld. The Lubombo may be considered as Middleveld. The snail 

intermediate host, Bulinus (Physopsis) africanus was rarely found in 

the Highveld but common in both the Middleveld and Lowveld. Water 

contact, particularly swimming and wading, occurs regularly most of
 

the year. In the Middleveld- Lubombo area, 32% of the school children
 

tested were infected with S. haematobium, while in the Lowveld the
 

average was 27% prevalence. The Highveld had 5% prevalence among
 

school children examined and this was generally considered to be due
 

to imported cases.
 

in most areas the population at greatest risk was the 0-14 year
 

olds who had a general prevalance of 29% in the school survey. However,
 

even the 0-4 year olds of the highly endemic Lomati Basin had 23%
 

prevalence.
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Prevalence declined sharply in adults over 20 years old, even in
 

highly endemic areas, presumably as a result of acquired immunity and
 

less water-contact. The northern Lowveld demonstrated the highest
 

prevalence of urinary schistosomiasis with 58% of the children in the
 

school survey infected and a peak prevalence of 100% at Tsambokhulu
 

Primary School. Ten to 14 year olds had 65.1% prevalence while adults
 

over 30 had 9.1% infection rate.
 

The availability of -it latrines, flush toilets and piped water
 

in the school survey generally indicated less urinary schistosomiasis
 

than for areas without piped water and sanitary facilities.
 

in schools associated with the irrigated areas of the Lowveld, pre

valence of urinary schistosomiasis was also lower than in nearby areas
 

not associated with irrigated agriculture. When results in the
 

northern Lowveld for schools not associated with large scale irriga

tion were compared to results published by Logan (1979) for the major
 

irrigated estates, schools in non-irrigated areas generally had much
 

higher prevalences. However, Commonwealth Development Corporation 
(C.D.C.)
 

Pstate wcrkerz showed much higher levels of S. haematobium than other
 

adults. The B. africanus vector snail was rarely found at the sugar
 

estates in the Big Bend area, but was collected commonly by Logan
 

(1979) on the C.D.C. estates in the north. This phenomenon was
 

unexplained but may relate to use of various chemicals in the sugar
 

industry or to variations in engineering and maintenance of irriga

tion facilities.
 

xvi
 



S. mansonl
 

Transmission of intestinal schistosomiasis was essentially limited 

to the Lowveld where the general prevalence was 18% in the school survey. 

Fewer than 1% of the Highveld school children were infected and these 

are assumed to be imported cases. The Middleveld - LubouLbo schools 

had a 2.5% prevalence which is a minimal public health problem, but 

one school, Nhlambeni Nazarene Primary, had almost 13 percent. The 

vector snail, Biomphalaria pfeifferi was never found in the Highveld 

and infrequently found in the Middleveld. The snail, which prefers 

the warmer temperatures of the Lowveld, had the highest pouulation 

densities from January to April, which coincided with the warm 

summer months when water contact was highest. It was also the only 

time that naturally infected snails were found to be shedding cercariae. 

The age group most at risk of infection with S. mansoni were the
 

10-14 year olds who had 21.7% prevalence in the Lowveld. The peak
 

prevalence occurred in the northern Lowveld where Tsambokhulu Primary
 

School had 52% of school children infected. A subsequent study of
 

the highly endemic Lomati Basin communities and schools showed an
 

overall prevalence of 685E in 983 residents of the area. The age group
 

at highest risk there was the 15-19 year olds (75.3%) but the 10-14
 

year olds were also highly infected (74.3%). Exposure to S. mansoni
 

in the Lomati Basin occurred at a young age. The 0-4 year olds had
 

50% prevalence. The prevalence did not decline sharply with age
 

as even those 30+ year olds had 48.5% prevalence. In contrast to
 

S. haematobium, acquired immunity to S. mansoni appears to be poorly
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developed. However, a major tactor in the prevalence of the disease
 

for older groups is the lcng lifespan of the adult worm which has been
 

known to live in man 
for more than 25 years, as opposed to three years
 

for S. haematobium.
 

The effects of piped water on prevalence are not pronounced. About
 

10% more prevalence was evident for those using rivers/streams than
 

piped water. The availability of pit latrines or toilets in the home

stead made no inroads in prevalence of S. mansoni. in the Lowveld
 

school survey, those with sanitary facilities had 10% more intestinal
 

schistosomiasis. The transmission takes place away from the homestead
 

and only a small number of individuals not using latrines are enough
 

to infect a number of snails and a great number of people. The number
 

of children who reported not using pit latrines in the Lowveld is
 

greater than 67 percent.
 

Biomphalaria pfeifferi, unlike Bulinus 
(Ph) africanus, was not
 

adversely affected by irrigation. School children in Logan's study
 

of C.D.C. irrigated areas had 34% prevalence of S. mansoni, while
 

in nearby schools not affected by irrigation the children had 24.5%
 

overall prevalence. The prevalences of S. mansoni in adult workers
 

of the C.D.C. Estates was 58-62% (Logan, 1979), much higher than the
 

prevalence for school children, and is probably work-related exposure.
 

Control Strategies
 

Control strategies for both urinary and intestinal schistosomiasis
 

should be directed toward school-aged children. It must be remembered
 

that 50% of the population of Swaziland is under the age of 15, 
the
 

age group at greatest risk of contracting schistosomiasis. Rapid
 

xviii
 



population growth and increased water resources development, i.e., dams
 

and irrigation schemes, will increase the prevalence of this disease. 

Because of the national push toward universal primary education that
 

segment of the population most likely to be infected with schistosomiasis
 

and responsible for most continued transmission is readily available
 

to the Bilharzia Control Unit. While recognizing the value of an
 

integrated control program, emphasis on mass screening resulting in
 

targeted treatment is the most cost effective control measure. The
 

school dged children have been shown to have the highest prevalences
 

and are shedding the greatest number of eggs to contaminate the
 

environment and are, zherefore, responsible for local transmission
 

patterns where the vector snails exist. However, inasmuch as the pre

valence of S. mansoni remains high in the adults of the northern Lowveld,
 

this group must also be targeted for control activities in that specific
 

area.
 

Chemotherapy is the single-most effective method for controlling
 

morbidity due to schistosomiasis. It treats currently infected people,
 

thereby preventing further accumulation of eggs in the body, which
 

is responsible for the disease, and preventing further contamination
 

of surface water with eggs of schistosomes.
 

The role of molluscicides in Swaziland is limited because there
 

are many, widely scattered transmission sites. Molluscicides are
 

expensive to use even when the transmission sites are few. However,
 

the use of molluscicides at irrigated estates which have clearly
 

defined transmission sites may be justified and should be expanded
 

where feasible, especially to protect their workers from increased
 

exposure.
 

xix 



Engineering Measures
 

Engineering measures for disease control are unlikely to be afforded
 

by employers in Swaziland unless the cost is minimal or 
if such mea

sures also benefit the estate economically. However, with the increase
 

of irrigation projects in Swaziland, estate managers and planners must
 

be encouraged to take an 
active role in the control of schistosomiasis,
 

by considering the various options available for limiting the trans

mission of schistosomiasis. Engineering must focus on means 
to
 

eliminate human contact with snail habitat waters. 
 Such measurec
 

could include placing housing areas 
a' .y from open canals and well
 

below retention ponds. Where employees must cross open canals, foot

bridges should be provided. 
Safe alternate swimming facilities should
 

be provided for area children. Retention ponds and canals which are
 

unsafe for swimming and bathing but close to 
living areas or on the
 

main routes from the comcound to schools should be fenced. 
This could
 

be accomplished by planting dense vegetation around them. 
Sisal plants
 

are quite effective barriers. Gear and Pitchfor6 (1978) reported the
 

practice in the Transvaal of maintaining a particular shallow resevoir
 

for safe bathing. The storage dam or retention pond would be lined
 

with a thin cement lining and have a water inlet screened to prevent
 

adult snails from entering. If the i-lets are well above the water
 

level, the snails caught in the screen would die in the hot sun. If
 

filled at night when snails normally do not discharge cercariae, snails
 

caught in the 
screens would not be apt to contaminate the water. During
 

the swimming season, the ponds could be drained and cleaned every five
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or six weeks (or a monthly mollusciciding with Bayluscide) to pre

vent immature snails which pass through the screens from developing
 

as reservoirs of schistosomiasis.
 

The health of employees becomes an economic factor with lost
 

man-hours. The estate clinics should routinely screen employees
 

and their families for infection with schistosomes. Information
 

on prevention could be distributed through the clinic. Safe drinking
 

water, adequate sanitation and bathing facilities are requirements
 

for healthy living in densely populated worker compounds. :lainter.ance
 

of soak-away drains and cleanliness of latrines would encourage the
 

use of these facilities, thereby reducing further contamination
 

of the immediate home environment. Focal spraying of intense
 

transmission sites in conjunction with these simple measures would
 

do much to control schistosomiasis and many other intestinal diseases
 

which are debilitating to the worker.
 

Water and Sanitation
 

As was stated, a major component of the Ministry of Health's (MOH)
 

Five-Year Plan is the promotion of water and sanitation programs for
 

the rural areas. The specific goal is to construct at least 15,000
 

pit latrines reaching 39% of the population and to assist in the pro

vision and upgrading of adequate sanitation facilities in 300 schools
 

and 15 clinics which will achieve 100% coverage for these facilities.
 

The MOH will also assist communities in the protection of 100 natural
 

springs. In addition, the Rural Water Supply Board, the agency
 

principally responsible for providing community water supplies to
 

rural areas, has agreed to give the Lowveld priority status in
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developing new systems. While this priority status 
was decided
 

primarily on the prevalence of diarrheal disease, dspecially
 

cholera, it is in agreement with the targeted requirements for
 

schistosomiasis control. 
 In fact, safe water and properly utilized
 

pit latrines will reduce all the parasites, both helminth and
 

protozoan, seen during the course of this survey.
 

Health Education 

The MOH has long recognized the need for an effective health 

education program which will achieve a level of behavior modifica

tion to prevent and reduce the incidence of major health problems.
 

The specific objective of the Five-Year Plan is 
to create an effective
 

Health Education Unit by establishing posts and training programs for
 

four district Health Educators, four Assistant Health Educators, one
 

Health Educator and a Graphic Artist at the central MOH level. 
 If
 

successful, this will triple the size of the present Health Education
 

Unit. Schistosomiasis, as a preventable endemic disease can be
 

reduced in prevalence by successful health education efforts. 
 Methods
 

developed for reaching the nation of Swaziland with Health Education
 

information can be utilized for schistosomiasis education. Promotion
 

of the pit latrine program will benefit the schistosomiasis control.
 

Major effort should be directed toward the school children who have
 

the highest prevalence of schistoscmiasis and are responsible for
 

most transmission of the disease. In addition to teaching the basics
 

of schistosomiasis dangers, schools can 
also reinforce the need to
 

use toilets or pit latrines by having well-maintained and sanitary
 

facilities available for 
the students to use at school and discouraging
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the use of the bush. Such a demonstration program could be successful
 

in changing behavior and attitudes toward use of latrines. The clinics
 

in rural areas should make a similar effort to reach the adult poPu

lation responsible for building homestead latrines. The importance
 

of using pit latrines in rural areas must be promoted by health
 

education methods aimed at behavioral change.
 

Educational materials relevant to schistosomiasis control have
 

been prepared for distribution to the public who come in contact with
 

the Bilharzia Control Unit, specifically the school and communities
 

being screened. This educational material will be printed on the
 

backs of forms which are handed out zo students and teachers at
 

primary schools.
 

The control of schistosomiasis in Swaziland is a long-term problem
 

which will not be given priority until more pressing health problems
 

have been dealt with. However, while resources necessary to a multi

faceted integrated program of control of schistosomiasis are very
 

limited, the MOH can greatly increase the effectiveness of their
 

control program by the judicious use of their limited resources and
 

technologies. Recommendations for an effective control program are
 

discussed below.
 

Recommended Schistosomiasis Control Activities
 

in formulating these recommendations, the following factors have
 

been considered:
 

1. Financial and manpower limitations of the Ministry of Health -


There is little likelihood of an increase in the current
 

expenditures allocated to schistosomiasis in the near fuure.
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CHART 1 (con't)
 

Geophy3ical Area 
 Schistosoma haematobium Schistosoma mansoni
 

Lowveld 
 Risk: Urinary schistosoiniasis very common. Vector Risk: 
 Intestinal schistosomiasis common

snail comunonly found. Active transmission 
 with very high prevalence in
where surface water accessible to humans, 
 northern areas. Vector snails
 

coiinonly found. Active transmission 
found where there is accessible 
surface water snail habitats. 

Recommendations: 
 Recojmnendations:
1. Clinic-based routine screening and treatment of all 
 . Stool examination diagnozis of only cases
children using "dip stick" diagnosis. Treatment 
 treated by Public Health Clinics using


with metrifonate. praziquantel.

2. Clinic-based diagnosis and treatment of adults con-
 2. Bilharzia Control Unit screen and treat all
plaining of symptoms of urinary schistosomiasis 
 students in northern Lowveld, eggs per gram
using "dip stick" diagnosis. 
 stool recorded. Evaluate mass targeted
3. Bilharzia Control Unit to survey all northern 
 treatment with praziquantel over 2-year


Lowveld schools using quantitative urine fil-
 period.

tration diagnosis. 
 3. Where prevalence in schools greater than
4. Lowveld estate clinics encouraged to screen and 
 70% community should be screened and treated.treat employees/dependan ts using "dip stick" diagnosis. 4. Irrigated estate clinics screen and treatTreatment of simple cases with metrifonate. Mixed employees/families using stool examinations 
cases S.mansoni/S. haematobiuwn with praziquantel. and treat all positive cases with prazi5. Irrigatin schemes encouraged to use engineering quantel. Housing compounds provided with measur- to reduce prevalence. Housing compounds safe piped waterlatrines, laundry blocks,
provided with safe piped water latrines, laundry 
 showers and alternate safe swimming

blocks, adult showers and alternate safe swimming facilities, away from accessible

facilities, away from open canals/surface water, 
 surface water.


6. Limited mollusciciding with Bayluscide in identified 
 5. Limited mollusciciding identified intense

intense transmission sites only. 
 transmission sites.7. Health education through schools, clinics, estates, 6. Hlealt-h education coordinated with Bilharzia
pamphlets and posters distributed, radio. 
 Control Unit Team visits. Support
 

of pit latrine program as deterrent to
 
schistosomiasis infection.
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SUMM-ARY OF RISK AND RECOMMENDATION FOR SCHISTOSOMIASIS CONTROL IN SWAZILAND 

Geophysical Area 	 Schistosoma haematobium Schistosoma mansoni
 

Highveld Risk: Very few vector snails found. No active Trans-

mission. All cases imported. 

Recommendations: All activities should be clinic-based 

diagnosis of imported cases. Health education in 

classroom on life cycle and dangers of infection 

when bathing in Middleveld and Lowveld areas, 


Middleveld Risk: Urinary schistosomiasis very common. Vector 
Lubombo snails commonly found. Active transmission 

in all areas. 

Recommendations: 


1. 	Collaborative pilot effort with School Health Team 

using Chemical Reagent "Dip stick" diagnosis. 
Annual visit to each school. Treatment of all 

positive cases with metrifonate. 


2. 	 Supply all Public Health Clinics with "dip stick" 

for routine screening of high risk aqe groups. 

Treatment with metrifonate for all positive cases. 
3. 	Clinic-based case diagnosis and treatment of
 

adults suspected to be infected using "dip stick"
 

diagnosis.
 
4. 	Middleveld industrial and agricultural estate
 

clinics encouraged to screen employees and depen
dants routinely using "dip stick". Treat all
 
positivu cases with metrifonate. 

5. 	 New irrigation schemes advised on engineering 
for 	reduced Prevalence.
 

6. 	 kedIt1 ttducation Trade Fair, radio, newspaper, 
classroom, and clini . 

7. 	No mollusciciding recommended.
 
7-

Risk: 	 No vector snails found. No trans
mission. All cases imported. 

Recommendations: Clinic-based case
 
diagnosis and treatment of imported cases.
 
Classroom health education on life
 
cycle and dangers of infection when
 
bathing in Lowveld areas. 

Risk: 	 Vector snails seldom found. Pre
valence very low. Transmission
 
of intestinal schistosomiasis
 
very limited. No public health priority.
 

Recommendations: Clinic-based case diagnosis
 

by stool examination and treatment :f
 
positively diagnosed imported or local cases
 
with praziquantel. Health education in
 
classroom on life cycle and dangers of
infection when bathing in Lowveld areas. 
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It is, therefore, essential that activities and expenditures
 

be strictly prioritized and the results carefuily evaluated.
 

2. Integration of Vertical Programs, such as malaria, Tuberculosis, -

The Expanded Program of Immunization and Bilharzia Control into 

a comprehensive delivery system has been targeted by the MOH
 

health care strategy to make these essential services available 

to all at the primary health care level, i.e., rural clinics.
 

3. Heterogenecity of Schistosomiasis transmission in Swaziland
 

requires that any unified control program consider the diversity
 

of species--prevalence in the three major geophysical zones of
 

Swaxiland.
 

In order to facilitate discussion, the unified program of control
 

activities have been separated into six cells according to schisto

some species and geophysical zone. Again, because of many similarities
 

the small Lubombo Plateau has been considered as part of the Middle

veld area.
 

HIGHVELD
 

S. haematobium 

No active transmission of urinary schistosomiasis occurs pre

sently in the Highveld. The snail intermediate hcot is not found 

in the small streams and rivers which constitute the principal source 

of surface water and the few snails found ir the small number of 

larger ponds (warmer water) do not constitute a public health threat. 

Major developments involving large bodies of surface water, such 

as the Luphohlo Hydro electric dam, should be monitored for vector
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snails and increased screening could be set up if vector snails
 

became established in the water body.
 

Specific control activities are not required but clinic staff
 

should be aware of the possibility of imported cases. The 5% of
 

school children found positive for S. haematobium are most likely
 

imported from either the Middleveld or Lowveld.
 

Health education concerning the life cycle of schostosomes and
 

the dangers of bathing in Middleveld and Lowveld surface water should
 

be included in primary and secondary school curricula.
 

All imported clinic diagnosed cases should be treated with
 

metrifonate.
 

S. mansoni
 

There is no transmission of intestinal schistosomiasis in the
 

Highveld. During the Malacological Survey, not a single snail inter

mediate host, Biomphalaria pfeifferi, was found anywhere in the High

veld. In the school survey less than 1% oZ the students were found
 

positive for S. mansoni and all cases are presumed to be imported.
 

The temperature requirements of the vector snails are such that it
 

is unlikely to ever become a public health problem in the Highveld,
 

even with major surface water development.
 

However, school curricula should include information on life

cycle and dangers of surface water contact in the Lowveld areas.
 

Clinics which suspect patients to be suffering from S. mansoni should
 

only treat cases positively diagnosed by stool examination with
 

praziquantel.
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MIDDLEVELD
 

S. 	haematobium
 

Urinary schistosomiasis is a serious public health problem in the
 

Middleveld of Swaziland where the prevalence in school children tested
 

was 	32 percent. No area was completely free of the disease and in
 

some schools 
as many as 68% of the children was infected. The disease
 

is very localized depending on the distribution of surface water.
 

Bulinus 
(Physopsis) africanus, the snail intermediate host of S. hae

matobium, was collected year round in the stream!, 
ponds and canals
 

of 	the Middleveld. The large number of cattle ponds and miles of 

small streams with widely dispersed transmission sites preclude the
 

possibility of a successful mollusciciding program.
 

Role of School Health Nurse
 

Bilharzia control in the Middleveld should be directed towards
 

screening and treatment of all school-aged children. The District
 

Education Office and the School Health Nurse should be the focal
 

point of this annual screening. Recent development of screening
 

procedures and safe, easily administered drug make it possible for
 

the 	school teachers themselves to examine the students in their
 

class. By using chemical reagent strips (dipstick), they can
 

determine which students 
are positive for urinary schistosomiasis.
 

Once identified, the student 
can be treated with Bilarcil (Metrifonate),
 

a safe, well-tolerated and effective drug.
 

Kits should be developed and maintained by the Bilharzia Control
 

Unit and distributed to headmasters by the District School Health
 

Nurse. Each kit would contain reagent strips (500), 
Bilarcil (1,000),
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a bathroom scale, urine containers and registration forms. Health
 

education materials in the form of posters and leaflets would be
 

left at the schools for use in the classroom. The screening could
 

best be coordinated with a health learning module on the life cycle
 

and dangers of schistosomiasis and use of sanitary facilities. All
 

data collected w.ill be incorporated into the data base of the Bil

harzia Control Unit and entered into the MOH central computer.
 

Role of Public Health Clinics
 

All public health clinics in the .iddleveld should utilize
 

reagent strips for routine urine examination of all children visiting
 

the clinic. If the children in the school wcre recently screened,
 

the clinic should emphasize ore-school aged clildren and school

leavers. The simplicity of the reagent strips makes them well-suited
 

for use by clinic based rural health motivators.
 

The distribution of the reagent strips and drugs should be by
 

routine procedures set up by the Central Medical Stores. Likewise
 

case reporting should follow standard MOE procedures. Clinic based
 

activities related to Bilharzia should be independent of the Bil

harzia Control Unit. Once a standardizer method of diagnosis for
 

urinary schistosomiasis has been established throughout the country,
 

the monthly clinic reports will be more reliable for use by the
 

Bilharzia Control Unit to target those areas requiring closer schis

tosomiasis control.
 

Industrial and agricultural estate clinics should take an active
 

role in the screening and treatment of employees for schistosomiasis,
 

especially where work involves water contact. Where clinic personnel
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require training in diagnostic procedures, the Bilharzia Control
 

Unit should make the effort to arrange mini-training courses.
 

Employees and their families might be screened annually after the
 

summer months and treated, if positive for urinary schistosomiasis,
 

with metrifonate. The chemical reagent "dip stick" should be used
 

for quick screening. Educational materials in the form of posters
 

for waiting rooms and pamphlets on schistosomiasis should be
 

distributed to clinics.
 

Health Education
 

Besides pamphlets and posters, learning modules for the class

room and clinics, media methods known to reach the rural adult pop

ulation should be used to promote the pit latrine program in conjunc

tion with the schistosomiasis control education.
 

The annual Trade Fair in Manzini should be used to provide
 

integrated health messages and the Bilharzia Control Unit should
 

continue to make full use of this media to reach the many rural
 

Swazis who visit the Fair luring the two weeks it is open. Highly
 

visual/vocal and innovative methods should be explored with the
 

help of the Health Education Unit.
 

S. mansoni
 

The overall prevalence of intestinal schistosomiasis in the
 

Middleveld was only 2.4% dispite the fact that the snail intermediate
 

host, Biomphalaria ofeifferi was found in some areas at certain
 

periods of the year. This low prevalence does not warrant any
 

specific activities by the Ministry of Health. People with symptoms
 

and complaints who present themselves to the clinic should be diagnosed
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by stool examination before being treated with praziquantel for
 

S. mansoni. The drugs should be procurred by the clinics through
 

normal Central Supply procedures. Case reports should be checked
 

monthly by the Bilharzia Control Unit. Clinics without microscopes
 

could send preserved stool samples to Central Bilharzia lab for
 

diagnosis.
 

Health Education
 

S. mansoni life cycle education should be included in school
 

learning modules along with warnings on the dangers of bathing in
 

surface waters of the Lowveld. The need to use pit latrines should
 

be reinforced by schools and clinics.
 

LOWVLLD
 

S. haematobium
 

Urinary schistosomiasis is found throughout the Lowveld but
 

with marked geographical variation in prevalence. While the overall
 

prevalence in the Lowveld was 27%, the northern Lowveld showed a
 

general prevalence of 58% among the school children surveyed and some
 

schools had more than 30% prevalence of S. haematobium. The preva

lence in the central and southern Lowveld areas had a spotty dis

tribution related to the accessibility of surface water.
 

The snail intermediate host, Bulinus (Ph) africanus, was found
 

throughout the Lowveld, in intermittent streams, water storage dams
 

and irrigation canals. To a large extent, access to these water
 

bodies determined the human prevalence of schistosomiasis. The
 

transmission season extended from September to April with peak trans

mission in mid-summer, January-February.
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As in the Middleveld, the primary health care clinics should take
 

a major role in screening for S. haematobium. All children who visit
 

the clinic should be screened using the chemical reagent strip (dipstick)
 

for urine examination. 
Treatment of all positive cases with metrifonate
 

is advised. Any adults presenting symptoms of urinary schistosomiasis
 

should also be tested and treated if positive for schistosomiasis.
 

The case reports would be checked monthly by Bilharzia Control Unit
 

to determine areas requiring further attention.
 

The Bilharzia Control Unit should survey all of the schools, primary
 

and secondary, in the highly endemic northern Lowveld. 
The method of
 

diagnosis for S. haematobium should be quantitative urine filtration,
 

in order to facilitate later evaluation of effectiveness of the
 

control program. All cases would be treated with metrifonate unless
 

there is mixed infection in which case praziquantel is the drug of
 

choice. In areas with school prevalence above 70%, the adult/school
 

leaver/preschool community should also be screened and 'reated. 
The
 

community leaders, chiefs, chiefs' runners, school and clinic officials
 

should be enlisted to support the effort to reach the rural population
 

in advance of the screening day.
 

As in the Middleveld, Lowveld estate clinics should routinely
 

screen employees and dependents using the "dipstick" method of diag

nosis. All positive cases should be treated with metrifonate.
 

Estates should enforce measures designed to limit transmission, such
 

as discouraging bathing in unsafe surface water, and should disseminate
 

health information on the dangers of schistosomiasis to employees.
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As discussed under Engineering Measures (p. xx), new irrigation
 

schemes should be planned to gain optimum reduction of snail-human-water
 

contact. Worker compounds should be wisely located below and away
 

from surface water but provided with proper facilities, such as
 

safe piped water, latrines, adult showers, laundry blocks, and safe
 

bathing areas for children. Open canals close to living areas should
 

be fenced or planted with dense vegetation along borders to discourage
 

free access.
 

S. mansoni
 

As previously stated, active transmission of S. mansoni is essen

tially limited to the Lowveld and it shows similar geographic dis

tribution as S. haematobium in the Lowveld. The snail intermediate
 

host, Biomphalaria pfeifferi, was commonly found throughout the Low

veld. The Malacological Survey showed this species to be shedding
 

schistosome cercariae from January to April, indicating a relatively
 

short transmission season, which unfortunately coincided with the
 

warm summer months favored by children for bathing, wading and
 

swimming in various surface water bodies.
 

Because of the high prevalence of both S. mansoni and S. haema

tobium in the northern Lowveld area, the major activities of the
 

Bilharzia Control Unit should be concentrated there. Each school in
 

the northern Lowveld should be surveyed in the next year for both
 

species. Every student's urine and stool sample should be quanti

tatively checked for eggs of schistosomes.
 

Stool samples should continue to be examined using the formal

ether technique and reported as eggs per gram stool. This, combined
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with the quantitative urine filtration technique will allow the
 

comparison of intensities of infection from one annual visit to
 

the next.
 

All students diagnosed positive for S. mansoni and mixed infec

tions of S. mansoni and S. haematobium should be treated with prazi

quantel, while those infected only with S. haematobium should be
 

treated with the less expensive drug, metrifonate.
 

As mentioned under S. haematobium for the Lowveld, in any area
 

where prevalence of infection is ascertained to be above 70%, the
 

entire community should be screened and treated.
 

This intense targeted screening and treatment program in the
 

northern Lowveld will occupy 90% of the Bilharzia Control Unit
 

manpower and resources. Therefore, results must be carefully evalua

ted for effectiveness. The schools must be revisited the following
 

year(s) to evalute reduction of prevalence and intensity of infection.
 

If it does not prove effective, alternate strategies must be devised
 

for highly endemic areas.
 

Lowveld primary health care clinics should treat only those patients
 

positively diagnosed by stool examination for S. mansoni with the
 

especially expensive drug, praziquantel.
 

Since irrigation tends to enhance transmission of S. mansoni
 

in particular, estate clinics have an added responsibiity to develop
 

diagnostic capabilities for routine screening thrcugh stool examina

tion of employees and dependants. All positive cases should be
 

treated with praziquantel. All discussion of engineering measures
 

for reduction of schistosomiasis apply especially to S. mansoni and
 

should be considered by all irrigated estates in the Lowveld.
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Health education programs and materials to support the pit
 

latrine program are especially relevant to the successful reduction
 

of S. mansoni in the Lowveld. Special emphasis on Lowveld school and
 

clinic sanitary facilities has been promised by the government of
 

Swaziland. Since the Bilharzia Control Unit will be visiting every
 

school in the Lowveld, special effort should be made to coordinate
 

classroom learning modules with the Team's visit. A child told that
 

he, or his classmates, is infected will likely be more impressed with
 

the reality of a lesson on dangers of schistosomiasis.
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I. INTRODUCTION 

Schistosomiasis, commonly called Bilharzia in Swaziland, is a
 

disease of man and animals caused by blood flukes called
 

schistosomes. Schistosomiasis is found in more than 200 million
 

people (WHO, 1980) %rl as world population increases so does the
 

problem of schistosomiasis. Along with the rapid growth of
 

population, the increase in water resources development, such as dams
 

and irrigation schemes, exacerbates transmission in endemic areas
 

(Stanley and Alpers, 1975).
 

Three species of schistosome flukes commonly infect man:
 

Schistosoma japonicum, limited to Asia; Schistosoma mansoni in
 

Africa, South America and the Caribbean; and Schistosoma haematobium,
 

in Africa and the Middle East. Other schistosomes which infect man
 

include Schistosoma mekongi in Laos and Cambodia, and Schistosoma
 

intercalatum in Central Africa.
 

The adult blood flukes live either in the mesenteric veins
 

(S. japonicum and S. mansoni) or the vesical vein of the bladder
 

(S. haematobium). Eggs are passed through the gut or bladder wall
 

and exit the body of the host in the feces or urine. If the eggs
 

reach fresh water they hatch, releasing miracidia which actively seek
 

suitable snail intermediate hosts. It must do so within 24 hours, or
 

it dies. The successful miracidium penetrates the snail and
 

undergoes a sexual reproduction. After about four weeks a single
 

miracidium will develop into thousands of cercariae which leave the
 

snail in search of a definitive host. A cercaria infects man by
 



penetrating unbroken skin. Once through the skin, the cercaria drops
 

its tail and becomes a schistosomula which migrates through the blood
 

stream and develops into an adult worm in the mesenteric of vesical
 

vein. There the male and female schistosomes mate and produce new
 

eggs, thereby completing the cycle.
 

Pathology of schistosomiasis is caused by the accumulation of
 

eggs in the organs of the body, primarily the liver or bladder. Eggs
 

have also been reported in the lungs, heart and brains. Haematuria
 

is a common sympton of S. haematobium infection.
 

A. Schistosomiasis in Southern Africa
 

The study of fresh water snails, later designated intermediate
 

hosts of schistosomiasis, in South Africa began with the pioneer work
 

of Krauss in the Cape Province published in 1848 and later of
 

Martens, 1860, 1879 in Mozambique and the Zambezi Valley. 

In 1864, thirteen years after Dr. Bilharz :eported finding the
 

adult worms during a postmortem, Dr. Harley reported the eggs, now
 

identified as those of Schistosoma haematobium, in the urine of a
 

patient suffering from haematuria in Port Elizabeth (Harley, 1864).
 

Gear and Pitchford (1978) attributed the first description of the
 

intestinal disease in patients from the South African LWwveld and
 

Natal to Turner in 1908. Schistosoma mansoni was considered to be 

rare until the 1920's when it was believed to have been imported to 

Durban by troops returning from Egypt (Logan, 1979). 
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Schistosoma mattheei was discovered in the Eastern Cape Province
 

by Veglia and Le Rowx in Mr. Matthee's sheep in i929. This species
 

is now commonly found in sheep and cattle in Southern Africa and
 

occasionally in man.
 

The Southern African geographic distribution of schistosomiasis
 

was carefully delineated by Dr. Annie Porter (1938), and she was said
 

to be the first to note that the distribution of the vector snails
 

was wider than that of the parasites (Gear and Pitchford, 1978).
 

Following the Second World War there was a profusion of studies
 

which confirmed the work of Dr. Porter (Causton, 1949; Pitchford,
 

1952; 1953; Schneider, 1953; DeMeillon et al., 1953).
 

Today the distribution of schistosomiais is little changed from
 

that reported by Porter. Urinary schistosomiasis is found along the
 

Eastern one-third of the Republic of South Africa with Port Elizabeth 

the southern most reach. The disease is widespread in the Eastern
 

Cape Province and Natal and continues north into Swaziland,
 

Mozambique and Tanzania. S. haematobium is also found in the Eastern
 

Transvaal, north of the Vaal River, in Zimbabew, Zambia and
 

northeastern Botswana.
 

The distribution of intestinal schistosomiasis, S. mansoni, is
 

much more limited in South Africa; it occurs in the Transvaal east of
 

the Drakensberg Mountains and north of Soutpansberg, the Lowveld of
 

Swaziland and a few areas of Natal with Durban the southern limit
 

(Gear and Pitchford, 1978). It is also found in Mozambique, Zimbabwe
 

and further north.
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S. mattheei follows the distribution pattern of S. haematobium
 

with which it shares a snail intermediate host (Bulinus species).
 

In Swaziland, early studies (Cawston, 1935; Eastman-Nagle, 1956,
 

Pitchford, 1958; Gaudlie, 1965) established that S. haematobium was
 

endemic throughout the country except in the Highveld. Intestinal
 

schistosomiasis was first recorded in Swaziland in 1953 when its eggs
 

were found in two urine samples. In the follow-up rectal biopsy
 

study, S. mansoni was associated with Lowveld irrigation schemes
 

(Eastman-Nagle, 1956). Later studies found S. mansoni in all parts
 

of the Lowveld and not necessarily confined to irrigated areas
 

(Gaudlie, 1965; Swaziland Annual Medical and Sanitary Reports,
 

1959). It was also found in the Middleveld but its distribution was
 

fragmented. Sporadic cases of S. mattheei have been reported but
 

very few details are available (Gaudlie, 1965; Pitchford, 1958).
 

B. Swaziland Characteristics
 

Swaziland is a small landlocked kingdom in Southern Africa,
 

divided into four administrative districts (See Figure ). It is
 

bordered on Mozambique. The country covers an area of 17,400 km and
 

is divided into four geophysical regions: the Highveld, the
 

Middleveld, the Lowveld and Lubombo escarpment (See Figure 2). Each
 

of these regions runs roughly north-south and, with the exception of
 

the Lubombo Cliffs, they do not have clearly defined boundaries. -he
 

geographical characteristics of each region are summarized in Table 1.
 

In comparison to the rest of Southern Africa, Swaziland has been
 

blessed with numerous streams and rivers originating most often in
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the Transvaal and following ancient deep-cut river beds through the
 

Highveld of Swaziland east into the Indian Ocean. In the north, the
 

three major rivers, the Lomati, the Komati and the Mbuluzi, supply
 

the water for several large irrigation schemes. The Komati River is
 

impounded at Tshaneni creating the Sand River Reservoir, the waters
 

of which are used by the Swaziland Irrigation Scheme in the northeast
 

of Swaziland. Fifteen miles due south of the Sand River Reservoir
 

the Mbuluzi River, the only major river with headwaters in Swaziland,
 

has also been impounded to form Mjoli Lake, the largest lake in
 

Swaziland.
 

In central Swaziland the Lusushwana and Lusutfu join to form the
 

Greater Usutu River which provides the water for the Big Bend
 

Irrigation Project in the central Lowveld. Southern Swaziland is
 

drier with only one small river, the Ngwavuma, which has ceased to
 

flow during the current drought forming a series of pools. (See
 

Figure 3). 

The population of Swaziland, now established at 600,000 is
 

exceptionally homogeneous, sharing a common culture, language and
 

tradition. About 85% of the people live in widely scattered rural
 

homesteads which are under the authority of local chiefs. In order
 

to provide services, such as safe water, health care and education
 

and to optimize land use, attempts have been made to relocate people
 

into rural development areas (RDA). Moreover, urbanization has
 

experienced a rapid increase in the past decade. The two largest
 

towns, Mbabane and Manzini, have an average annual population growth
 

rate of 5.2% compared to the national population growth rate of 3.5%
 

(Table 2).
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TABLE 1 

Geophysical Regions of Swaziland
 

Highveld Middleveld Lowveld Lubombo
 

Area (km 2 5029.5 4597.5 6416.2 1321.4 

Attitude (m) 1300+ 700+ 200+ 600 av. 

Rainfall (mm) 1000-2300 650-1150 500-900 650-1150 

Temperature ( C) 

Mean max. 22.6 C 26.6 C 29.6 C 26.2 C 

Mean min. 10.8 C 11.8 C 14.9 C 11.8 


Population
 

154,394 199,697 118,912 21,531
 

Population density 30.7 43.4 18.5 16.3
 

p/sq km
 

% of total 31.2% 40.4% 24.0% 4.3%
 

S.ziland
 
population
 

Source: Report on the 1976 Swaziland Population Census Vol. I.
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TABLE 2
 

Relevant Data for the Kingdom of Swaziland
 

Area 17,400 km 

Population 603,000 (Midyear, 1981, projection) 

Population Growth Rate 3.5% 

Birth Rate 50/1000 Population 

Death Rate 19/1000 Population 

GDP per capita (estimate) E792 (U.S. Dollars 832) 

Infant Mortality More than 150/1000 live births 

Government Health Expenditures 13% total 

Life Expectany at Birth: 48 years 

Source: Report on 
the 1976 Swaziland Population Census Vol. I.
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Cattle play a pivotal role in traditional Swazi culture. The
 

wealth and social prestige of an individual is in large part
 

determined by the size of his herd. The late king, Sobhuza II, was
 

reputed to own "thousands" of head of cattle scattered in various
 

kraals throughout the Kingdom. Each Swazi male is a member of a
 

regiment which owes allegiance to the king and the color of his
 

cowhide shield identifies that regiment. The exchange of cattle is
 

necessary for transactions as diverse as paying a bride price to
 

paying a penalty imposed by traditional courts. The size and annual
 

growth rate of the cattle population is roughly the same as the size
 

and growth rate of the Swazi human population, yet the livestock
 

industry contribute very little to the national economy (Third
 

Development Plan, 1978). Swaziland has the highest stocking rate in
 

Africa (1.6 hectares of grazing land per stock unit) and the
 

inevitable deterioration of the land and water resources by
 

overgrazing is cause for national concern. The Ministry of
 

Agriculture, in order to provide water for the ever increasing cattle
 

population has constructed many small earthen dams thereby creating
 

small ponds which are excellent habitats for the snail vectors of
 

schistosomiasis. Cattle, as well as sheep and goats, are infected
 

with S. mattheei which occasionally infects man. These ponds, which
 

are popular swimming holes, are major transmissiun sites for all
 

three schistosome species.
 

Agriculture is the principle economic activity of the Kingdom of
 

Swaziland. The agricultural sector shows marked dualism by having a
 

modern, capital intensive subsector, largely owned and managed by
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foreigners and producing mainly for export and a traditional
 

small-holder subsector producing mainly for subsistence. The latter
 

subsector, known as Swazi Nation Land (SNL), accounts for about 55%
 

of the rural area. It is owned by the King on behalf of the people
 

and allocated by chiefs to individual Swazi families. Their
 

predcminant crop is maize with 93,961 metric tons harvested in 1981.
 

Other crops include cotton (13,035 metric tons), sorghum (1,147
 

metric tons) and jogobeans (1,805 metric tons).
 

Alongside the traditional sector, the modern sector of
 

individual tenure farmers (ITF) is composed of more than 800 farms
 

held under title deed or concessionary agreement. More than 40% of
 

this farm Lknd is held by 25 farms whose size averages over 4,000
 

hectares. Over 70% of Swaziland's export earnings come from the
 

ITFs. The importance of the various crops by values of sales is:
 

sugar 77%; citrus 13%; cotton 4%; pineapple 2%. In addition, 100
 

thousand hectares in the Highveld are covered with man-made forest,
 

mostly conifer and eucalyptus.
 

In 1980, of the work force engaged in agricultural activities,
 

24,000 were paid employees, 60% of whom were working in the Lowveld
 

(Census of Individual Tenure Farms, 1980-81).
 

Virtually all non-irrigated farming in the Lowveld is 

subsistence agriculture with average income from sales uf crops
 

estimated to be about E30 per year. Without irrigation, seven crops
 

in 10 will not survive. By way of contrast, the net economic benefit
 

due to irrigation in the Lowveld is approximately E1,570 per hectare 

per year. 
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While irrigation has major economic benefits, there are health
 

hazards associated with the increased surface water of impoundments
 

necessary to store and supply water for irrigation. These reservoirs
 

and canals create permanent habitats suitable for vector snails of
 

schistosomiasis. The large irrigation schemes which provide housing
 

for the worker and his family in nearby compounds increase human
 

population density in the area, thereby increasing risk of pollution
 

of the water with urine and feces containing schistosome eggs.
 

The large plantations of the Lowveld have sophisticated
 

irrigation systems utilizing dams, canals, and large pumps for
 

overhead spinklers. The smaller irrigation schemes use simple
 

diversion structures and water is led via canals to nearby arable
 

fields. Where there are inadequate year-round flows, water may be
 

stored in reservoirs, such as the Sand River and Mjoli Dams. The
 

water is then applied to the fields by gravity-fed canals or overhead
 

sprinklers.
 

Three methods of irrigation are found in Swaziland: furrow,
 

spinkler and drip. Although drip irrigation is the most efficient,
 

it is generally limited to citrus orchards at this time. Furrow
 

irrigation generally requires more land preparation; slopes must be
 

flatter and more water is required. Sprinkler irrigation requires a
 

considerable capital investment, but it is more efficient in water
 

use and is levs labor intensive. Most of the sugar and cotton in the
 

Lowveld is irrigated by sprinklers.
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In the Lowveld about 25,000 hectares are irrigated principally
 

for the production of sugar, cotton and citrus. Additional
 

development in the Lowveld could increase this irrigated area by
 

131,639 hectares. Furthermore, assuming that maximum storage
 

facilities could be constructed and marginal lands utilized, the
 

total of 42,005 hectares presently under irrigation in Swaziland
 

could be increased by 195,622 hectares.
 

C. Sznistosomiasis Control Surveys, Historic
 

The Bilharzia Control Unit of the Ministry of Health has been
 

monitoring the prevalence of schistosomiasis in Swaziland, including
 

the irrigation areas, for 30 years. Two nationwide surveys, one in
 

1954 and another in 1964, have been done by the Unit in the past.
 

The prevalence data from the two are presented in Table 3, but care
 

must be exercised in comparing the results as the techniques used
 

differ greatly.
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TABLE 3
 

Historical Prevalence of Schistosomiasis in Swaziland
 

Highveld Middleveld Lowveld
 

Prevalence of Schistosoma haematobium
 

E. Eastman-Nagle 1954 15% 40% 39%
 

R. D. Gauldie 1964 9% 36% 46%
 

Prevalence of Schistosoma mansoni
 

E. Eastman-Nagle 1954 
 0% 2% 19%
 

R. D. Gauldie 9% 2.2% 19%
 

In more recent years the Bilharzia Control Unit has concentrated its
 

limited resources in case finding and treatment of primary sschool children
 

for S. haematobium. Diagnosis of S. mansoni was discounted in 1977.
 

A two year study of schistosomiasis was conducted in the Commonwealth
 

Development Corporation Estates (CDC) in the northeast Lowveld (Logan, 1979).
 

The CDC Estates over 42,500 hectares concentrated in sugar and citrus
 

production from irrigated lands, and cattle raising on non-irrigated bush
 

areas. The Estates are irrigated with water from the Komati River by a 68 km
 

canal and by the Sand River Impoundment. The prevalence among school children
 

(five schools) ranged from 12% to 36% for S. haematobium and from 5.7% to 49%
 

for S. mansoni. Furthermore, the age specific prevalence for S. mansoni
 

showed continued high rates of infection in the adult labor force (40+%).
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Dr. Eastman-Nagle, Medical Officer responsible for the first
 

survey, used rectal biopsy, the examination of the intestinal mucosa
 

for schistosoma eggs, to diagnose both urinary and intestinal
 

schistosomiasis (Eastman-Nagle, 1956). The author correctly stated
 

that eggs found in the mucosa may not be indicative of current
 

infection, but evidence of infection sometime in the past. In 144
 

cases with concurrent examination of urine and rectal snip, 6% had
 

eggs in the urine and 51% had eggs in the rectal snip. It should be
 

noted that of the 149 children examined in the .Hignveld,119 were
 

from schools in Mbabane, the national capital, and Hlatikulu a
 

district center. The better educational opportunities in both large
 

towns attract students from all parts of Swaziland which would
 

inflate the prevalence rates for the Highveld.
 

In the second survey, reported by Dr. Gauldie (1964), rectal
 

snips were not used. Urines were examined by the Petri dish method,
 

a sensitive qualitative method still employed by the Bilharzia
 

Control Unit. Stools were prepared in a stable MF solution,
 

according to the technique of J. J. Sapero and D. K. Lawless (1953),
 

except that the iodine stain was omitted. The stool samples were
 

subjected to the concentration technique described by Blagg,
 

Schloegel Mansour and Khalaf (1955). After interviewing the infected
 

people, Dr. Gauldie concluded that most of the positive cases had
 

been imported to the Highveld from other areas.
 

In addition to the two surveys in 1954 and 1964, the Bilharzia
 

Control Unit has been involved in various mollusciciding activities.
 

From 1952 until 1958 copper sulphate was app ed in the Mzimnene
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catchment area surrounding Manzini. he program was discontinued in 

1958 when it was shown that there was no decrease in the prevalence
 

of S. haematobium. 

In 1972 Shell Chemical Company conducted field trials using
 

frescon (N-triylmorpholine) in the Lowveld and the follcwing year the 

Bayer Company tested Bayluscide. Both field trials were assisted by
 

the Bilharzia Control Unit and both were discontinued after
 

disappointing results. In recent years mollusciciding has been
 

limited to focal spraying of Bayluscide in the LIowveld, in areas of
 

high endemicity as established by school surveys.
 

D. Schistosomiasis Survey, 1982
 

The current national Schistosomiasis Survey is funded by the 

United States Agency for International Development (U.S. AID) at the 

request of the Ministry of Health in Swaziland. The survey may be 

divided into two parts. The first is the prevalence study which
 

seeks to determine the current prevalence of schistosomiasis in man,
 

its geographic distribution, the species of schistosomes involved and
 

the population groups at risk. The second component considers the
 

fresh water snails cf Swaziland, their geographic distribution,
 

population dynamics, ecology and parasite infestation as determined
 

by shedding cercariae.
 

The information gathered through these activities will allow the
 

Ministry of Health to plan and implement national control measures
 

within constraints imposed by limited resources. The level of
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support for schistosomiasis control activities from the MOH is
 

unlikely to be increased in the foreseeable future, and optimum
 

resource utilization becomes more important. The survey will
 

identify those geographic areas of intense transmission requiring
 

special attention. It will also identify those age and occupation
 

groups most likely to become infected.
 

The malacological survey will provide data to be used to decide
 

when and where snail control is considered to be an effective means
 

of interrupting the transmission cycle of schistosomiasis.
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II. 	 OBJECTIVES OF THE NATIONAL SURVEY OF SCHISTOSOMIASIS 

The objectives of the National Schistosomiasis Survey are: 

A. 	Parasitological Investigations
 

1. 	 To determine the current prevalence of schistosomiasis
 

in rural Swaziland.
 

2. 	 To determine the geographic distribution of the two
 

major species of human schistosome infection, S.
 

haematobium and S. mansoni.
 

3. 	 To determine prevalence rates of S. haematobium and S.
 

mansoni for the four geographical areas of Swaziland.
 

4. 	 To identify areas of intense transmission of
 

schistosomiasis for allocation of resources for control
 

activities.
 

5. 	 To identify specific population groups that are at high
 

risk of infection (age group, occupation group).
 

6. 	 To determine the effect of sanitation and safe water on
 

schistosomiasis
 

B. 	.MalacologicalInvestigations
 

1. 	 To determine the snail intermediate hosts of
 

schistosomiasis and establish natural infection rates.
 

2. 	 To identify the environmental factors (temperature,
 

vegetation, pH, type of water body) which constitute a
 

favorable habitat for snail intermediate hosts.
 

3. 	 To determine the monthly variation in snail populations
 

for one year.
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4. 
To determine the transmission season for schistosomiasis
 

by determing when vector snails shed cercaria and its
 

relationship to seasonal water contact.
 

5. To determine profile of typical transmisson sites of
 

schistosomiasis as determined by the presence of
 

infected vector snails, and human water contact.
 

6. 	Assess environmental impact of hydroelectric dam.
 

C. 	Recommendations
 

1. 	To recommend appropriate biological, chemical, drug
 

treatment and engineering measures which should be
 

encouraged for the control of schistosomiasis.
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III. PROCEDURES 

A. National Survey of Schistosomiasis 

Four separate studies were conducted during the course 

of the National Survey of Schistosomiasis: 

1. National Survey of School Children 

It was decided to use the school-aaed children as the
 

focal population of the prevalence survey. The country was
 

divided into four geophysical areas and within these areas
 

representative schools were chosen from a map of schools
 

published by the Swaziland Public Works Department. Any
 

school which had been visited within the past two years by
 

the Bilharzia Control Unit was eliminated from the survey
 

because the drug treatment dispensed by the team would bias 

the prevalence rates.
 

School enrollment is very high in Swaziland with 92% of
 

the ten year old children attending school (see Appendix B,
 

Tables 1, 2 & 3 for statistics from Ministry of Education).
 

In general, schools were notified, and a date was arranged
 

with tne headmasters to visit the schools. Forms were
 

provided by the survey team on which the class teachers were
 

asked to list all their students, giving name, age and sex.
 

These lists were collected on the day of the appointed visit
 

and each student given a number. All the students were
 

asked to provide a urine specimen and every fourth student
 

was asked to provide a stool specimen and additional
 

information about the source of water and sanitation in the
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homestead. Responses to the question about water and
 

sanitation were recorded by the Senior Health Assistant.
 

Qudstionli wera adead in .S.,ati. 

The data collected for each individual was recorded on
 

separate pre-coded forms (Appendix A). This form included 

information on: name, age, sex, schiool/community, stool 

examination results, urine examination results, treatment,
 

source of domestic water supply, type of toilets at home and
 

geophysical zone. Coded information wa:-3 then tabulated on
 

the MOH computer.
 

In addition to primary school children, adults and
 

pre-school children were examined in three separate areas: 

the irrigated area of Big Bend in the Central Lowveld; the 

Lomati Basin in the north western Lowveld; and at Engculwini 

in the Middleveld.
 

2. Survey of Big Bend Irrigation Camps 

The Big Bend survey was conducted in the workers'
 

compounds associated with irrigated sugar estates. These
 

included Bholi Workers' Compound, and five workers' living 

compounds located on Ubombo Ranches. In Bholi compound only 

stools were collected but in the two camps nearest the
 

Majombe School, ever-lone was asked to provide a urine sample 

and stool sample. In the remaining compound, urine was 

collected from eech resident along with stool samples from
 

25% of the residents. 
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The camp leaders were advised of the survey activities 

prior to the arrival of the Bilharzia Control Team.
 

Collections were taken in the afternoon after the workers
 

had returned from the fields and the team was often
 

accompanied by the sanitarian from Ubombo Ranches. 
 The 

sugar company provided food and housing for the team during
 

the survey.
 

3. Lomati Basin Survey 

The third survey area was in the Lomati Basin where the 

original school survey showed high prevalence rates for both 

S. mansoni and S. haematobium. Three additional primary and
 

one secondary school were surveyed. The community
 

associated with each school was asked to present themselves
 

for examination at the school on an appointed day. In order
 

to attract as many people as possible, the community
 

leaders, school teachers, and the clinic -taff were all 

informed of the survey activities and asked to assist. 

Furthermore, during the preceding week the national radio 

made announcements twice daily explaining the purpose of the 

survey and urging the community to attend. Finally, each 

student was reminded on the day before the study to bring 

his family the following day.
 

4. 	 Engculwini Survey 

The fourth survey was conducted at Engculwini in the 

central Middleveld. The team visited each homestead in
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about a 4 km radius from the community school and collected
 

urine and stools from each member of the family who was at
 

home or nearby at the time of the survey. Locating the
 

homesteads for this cluster sample was aided by the use of
 

1978 orthophoto maps, 1:5000. The survey was timed to
 

coincide with the school holidays in May 1983 when all age
 

groups were expected to be home. No return visits were made
 

to the homesteads.
 

B. Parasitological Techniques
 

1. 	 The urine samples were collected in pre-numbered 250 ml
 

plastic specimen bottles with snap caps, and examined at the
 

school. The urine was allowed to settle for 15 to 20
 

minutes in the collection bottle. The supernatant urine was
 

then decanted, leaving the sediment and a small amount of
 

urine at the bottom of the collection bottle. This residue
 

was transferred to a Petri dish and examined under a
 

steroscopic microscope for the presence of schistosome
 

eggs. The eggs were not counted. Urines were recorded as
 

either pcsitive or negative for S. haematobium.
 

2. 	 During the three surveys, urines were examined using the
 

Petri dish method. In the Engculwini Community Survey,
 

urine was examined using the Quantitative Membrane
 

Filtration Technique in wnich 10 ml of urine was passed
 

through a filter and the number of eggs collected on the
 

filter were counted (PATH, 1982). The stool examination
 

technique was the same used for the Primary School Survey.
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3. The stool samples collected in 50 ml ointment jars
 

were returned to the Manzini Bilharzia Control Laboratory,
 

where one gram of stool, as measured by liquid
 

displacement, was transferred to a formaline-saline
 

solution. The stools so treated, may be stored for many
 

months, if necessary. In practice, most samples were
 

examined within two weeks. The formol-ether concentration
 

method as described by Knight (1976) was employed to search
 

for parasitic forms. All helminth eggs were counted and
 

recorded as "eggs per gram of stool." The presence of
 

cysts of protozoan parasites was recorded, but cysts were
 

not counted.
 

C. Malacological Survey
 

The one year malacological survey paid particular attention
 

to species distribution, population dynamics, description of
 

typical habits and identification of the types of cercariae
 

being shed by the snail species.
 

Eleven sites were chosen for monthly visits by the
 

Bilharzia Control Unit. Each site was representative of a
 

specific ecological type (i.e. stream, impounded ponds,
 

drainage ditch, irrigation canal) found in the three
 

topographical regions of Swaziland, while still being
 

reasonably accessible by road.
 

Each month, one man hour was spent at each site collecting
 

snails. Long handled metal sieves, 400 mm square, were used to
 

scrape along plants and dislodge snails which then fell into
 

the scoops. Floating vegetation and debris was searched by
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hand. At the time of collection, the air and water
 

temperature, along with pH were recorded. A mercury
 

thermometer and Merck full-range pH paper were used.
 

All specimens collected were returned live to the Bilharzia
 

Control Laboratory in Manzini for identification. All vector
 

snails, i.e. Bulinus and Biomphalaria, were isolated singley in
 

30 ml vials. Non-vector snails were also isolated, but if the
 

numbers were more than 50, they were divided into groups of 5
 

to 10 snails per vial.
 

The vials were all exposed to direct sunlight for several
 

hours and the contents examined with a hand lens for
 

cercariae. The cercariae were classified according to Malek
 

(1974) Medical and Economic Malacology.
 

The snails were narcotized using methol crystals and
 

allowed to stand, generally overnight. Once the snails no
 

longer withdrew into their shells, they were killed and fixed
 

with 4% formalin solution. The snails were then dispatched to
 

the Snail Research Unit of Potchefstroom University, R.S.A.,
 

for verification of identification.
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IV. RESULTS OF THE NATIONAL SURVEY OF SCHISTOSOMIASIS 

A. Description of the Total Combined Samples 

During the 18 month survey, 3,711 people were examined and
 

data was collected about their domestic water source and
 

sanitation. In all, 40 primary schools, two secondary schools,
 

and 10 adult and preschool groups were surveyed.
 

The age distribution of the combined population of the
 

three surveys is presented Table 4.
 

The total sample consisted of 3,701 individuals. The
 

sample representation was as follows:
 

Preschool Children (0-5 years) 90 2.4%
 

Primary School Children (6-16 years) 2,827 76.5%
 

Secondary School Children (16-19 years) 296 7.9%
 

Adults (20+ years) 458 12.4%.
 

Other (Age unknown, probably adult) 30 .8%
 

The sex distribution of the entire sample is shown in
 

Table 5. The 1976 census showed a sex ratio of 88.1 males to
 

100 females, or 46.8% male, 53.2% female.
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TABLE 4
 

Age Distribution of Combined Schistosomiasis Survey Populations
 

Age, Years 


Preschool
 

0-1 

2-3 

4-5 


Primarv School
 

6-7 

3-9 


10-11 

12-13 

14-15 


Secondary School
 

16-17 

18-19 


Adult 

20-21 

22-23 

24-25 

26-27 

28-29 

30+ 


Total 


Number of Respondents 


0 

29 

61 


553 

679 


615 

615 

360 


197 

99 


55 

37 

40 

25 

27 


284 


3671++ 


++ Excluding 30 with age unknown (but probably adult)
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% of Survey Population
 

0.0
 
0.8
 
1.7
 

15.1
 
18.4
 

16.7
 
16.7
 
9.3
 

5.3
 
2.6
 

1.5
 
1.0
 
1.1
 
0.7
 
0.7
 
7.7
 

100.00
 



TABLE 5
 

Sex and Geophysical Distribution of Combined Survey Sample
 

Male Female Total
 

Geophysical Area Number % Number % Number %
 

Highveld 182 52.9 161 47.1 343 9.2
 

Middleveld 374 44.4 470 55.6 844 22.7
 

Lowveld 1172 48.4 125 51.6 2423 65.3
 

Lubombo 55 55.0 45 45.0 100 2.7
 

Total 1783 47.9 1927 61.8 3710 100
 

Number of missing observation - 1 

Responses to the question about toilet facilities at their homes are tabulated 
in Table 6. 

TABLE 6 

Toilet Facilities in Homesteads of Respondents 
by Geophysical Area for Combined Surveys 

No Facilities Pit Latrines Flush Toilets
 

Geophysical Area Number % Number % Number %
 

Highveld 77 27.2 161 56.9 45 15.9
 

Middleveld 544 66.3 259 31.6 17 2.1
 

Lowveld 1090 46.3 1119 47.6 75 3.2
 

Lubombo 81 90.0 7 7.6 2 2.2
 

Total 1792 50.5 1546 43.6 139 
 3.9
 

Number of missing observation - 234
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Each respondent was asked about the source of domestic water used 
 at their
 

homestead. Table 7 summarizes their responses.
 

TABLE 7
 

Source of Domestic Water Supply at Homes
 
of Respondents for Combined Surveys
 

River/Stream Piped Water Springs Borehole 
 Other
 

Geophysical
 
Area Number % ':umber % Number % Number Number 

Ztghveid 155 
 55.4 93 33.2 0 0.0 0 0 
 32 ' 12.
 

!i4f le.,e 1d 576 70.3 87 10.7 57 0 11 
 1.4 32 2O.O0 

Lovveld 1376 59.0 -'37 33.8 69 3.0 66 2.8 33 

Lubombo 86 92.5 1 1.1 0 0 0 6
0 6.5
 

Total 2193 62.4 968 27.5 126 
 3.6 77 2.2 153 4.7
 

Number of missing observation = 194.
 

Since many of the respondents were young primary school children, the answers given 

are suspect, while it is more likely that children older than 10 years could provide 

correct answers to these survey questions. Since there was no way to do field 

verification of their answers, the responses were analyzed by age; Tables S and 9 show
 

marked parallelism.
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TABLE 8
 

Age Comparison of Response to Question about Home Water Supply
 

0-9 Age Group 10-19 Age Group
 

Home Water Source Number % Number
 

River/Stream 851 7f).7 1157 72.6
 

Piped Water 259 23.3 436 27.4
 

Number of missing observations = 1008
 

TABLE 9
 

Age Comparison of Response on Home Toilet Facilities
 

0-9 Age Group 10-19 Age Group
 

Home Toilet Facility Number % Number %
 

No Toilet 673 54.7 963 54.8
 

Pit Latrines 523 42.5 741 42.2
 

Flush Toilets 34 2.8 53 3.0
 

Number of missing observation = 724
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TABLE 10
 

Type of Home Water Supply by Type of Toilet
 

No Toilet Pit Latrine Flush Toilet Total
 

Type of Water Supply No. 
 % No. % No. % No.
 

River and Stream 1451 89.7 672 
 50.2 
 2 1.5 2125
 

Piped Water 
 167 10.3 666 49.8 133 98.5 
 966
 

Table 10 that
shows homesteads with access to piped water are likely
more 
 to
 

have a flush toilet or pit latrine. Only 17.3% of the homesteads with piped 
water
 

had no toilet facilities; whereas 68.3% of the homesteads 
using rivers or streams
 

as source of water had no toilets. Eighty percent of these with piped water 
had
 

pit latrines, whereas 50% of the respondents with pit latrines had piped water.
 

The combined Prevalence Survey included 3,598 urine 
samples which were examined
 

for eggs of S. haematobium. Of these, 1,103 
were positive. The age distribution
 

as presented in 
Figure 4 follows a pattern generally seen throughout Africa: the
 

children become infected at about 4 to 5 years old with increasing rates to a peak
 

at age 14 to 15 years, followed by a decline in older 
teenagers. The over-30 adult
 

population is generally frc 
 of infection (prevalence of 5%).
 

The stool samples of 
3,555 people were examined for 
eggs of S. mansoni and 948
 

were positive. Infection 
with S. mansoni begins early: of
30% the 90 children
 

under 6 were already positive. The peak age for infection rates was 18 years after
 

which the 
rates decrease and stabilize at about 18%. 
 (See figure 5)
 

- 32 



504 

39 --40
40 


35 35 

.- --30 30 
28 2 

S 020 

10 -0 
014 

I0i0 

III -1 
AGE GROUP 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 + 
NUMBER EXAMINED (29) (60) (556)(679) (613)(613)(351)(192)(i92) (92) (50) (30) (32) (21) (261) 
MISSING OBSERVATIONS = 113 
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Figure 5. Prevalence of Schistosoma mansoni in combined survey of Swaziland 1982-83 



The intensity of infection, i.e., the number of eggs per gram of
 

stool, is shown in Table 11. They show that 55.7% of the sample found 

positive for S. mansonia were shedding very few eggs (10 or less) and 

that 87.3% were shedding less than 50 eggs per gram. The high egg counts 

were found in the children with a peak eqg count in the 10-14 age group 

where 7.6% were shedding more than 100 eggs per gram. No adult older 

than 24 years was found was found shedding more than 50 eggs per gram 

stool. Eighty-five percent of the positive adults over 24 were shedding
 

10 or less eggs/gram stool. The overall geometric mean for positive
 

cases was 10.11 eggs/gram stool.
 

B. The National School Prevalence Survey
 

The National School Prevalence Survey was conducted in all
 

four geophysical zones of Swaziland and included 35 primary
 

schools and one secondary school. A total of 2035 individuals
 

were included in this prevalence survey. Table 12 shows the age
 

and sex distribution of the survey population by geophysical
 

atea. The five individuals over the age of 20 are teachers who
 

asked to be examined.
 

The prevalence of S. haematobium in the 36 schools is 

presented in Table 13. 
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TABLE 11 

Sclstosoma mansoni: Egg Counts and Geometric Heans 

for Combined Survey by Five year Age Groups 

Age Groups 

Number of Eggs
Per Gram of Stool 

1-10 

11-50 

51-100 

101 plus 

0-4 

9 

(60.OZ) 

4 
(26.7X) 

1 
(6.7%) 

1 

(6.71) 

5-9 

146 

(54.3%) 

91 

(33.8Z) 

19 
(7.0%) 

13 

(4.8%) 

10-14 

208 

(52.8%) 

123 

(31.2%) 

33 
(8.4Z) 

30 

(7.6Z) 

15-19 

93 

(53.7) 

60" 

(34.7X) 

14 
(8.1%) 

6 

(3.5X) 

20-24 

19 

(54.1%) 

13 

(37.1%) 

1 
(2.9) 

2 

(5.7%) 

25-29 

10 

(83.3X) 

2 

(16.1%) 

0 

0 

30-

43 

(86.0%) 

7 
(14.0Z) 

0 

0 

Total Examined 

528 

(55.7%) 

300 

(31.6%) 

68 
(7.2%) 

52 

(5.5%) 

Geometlrc Hean 10.004 10.174 11.287 10.006 10.964 5.427 4.613 10.11 

Total Positive 15 269 394 173 35 12 50 958 

Percent Positive 29.4 22.0 28.4 40.6 31.0 16.9 17.6 

(100z) 

26.7 

Total Examined 51 1223 1387 426 113 71 284 3555 

Hissing observation  156 



TABLE 12
 

The Age and Sex Distribution of the National School
 
Survey Population by Geophysical Area
 

r, 

Highveld Middleveid Lowveld Lubombo Total Number
 

Age M F M F M F M F M F Total
 

0-4 0 0 0 0 0 0 0 0 0 0 0
 

5-9 80 66 121 134 192 205 27 25 420 430 850
 

10-14 75 81 145 166 254 246 24 18 498 511. 1009
 

15-19 24 13 16 10 54 31 2 1 963 55 151
 

20-24 1 0 0 0 1 1 0 1 2 2 4
 

25-29 0 0 0 0 0 0 0 0 0 0 0
 

30+ 0 0 0 1 0 0 0 0 0 1 1
 

Total 180 160 282 311 501 483 53 45 1016 999 2015
 

52.9 47.1 47.5 52.5 50.9 49.1 54.1 45.9 50.4 49.6
 

Missing observation = 20
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TABLE 13
 

Prevalence of Schistosoma haematobium in School Survey
 
Swaziland 1982-83
 

Name and Code 


Highveld
 

012 All Saints Primary 


013 Siphocosini Secondary 


016 Bhunya Primary 


017 Mangcongco Primary 


018 Usuthu Methodist Primary 


020 Torgyle Central Primary 


026 Esitseni Primary 


Middleveld
 

001 St. Joseph Primary 


002 Elwandle Primary 


003 Mbekelweni Primary 


007 Nhlambeni Nazarene Primary 


008 Khalangilile Primary 


019 Malkerns Primary 


032 Cana Primary 


054 Mlambo Primary 


055 Jericho Primary 


No. Examined 


60 


29 


118 


15 


48 


25 


48 


73 


63 


138 


65 


43 


69 


48 


60 


38 


Positive % Positive 

2 3.3 

2 6.9 

8 6.8 

0 0 

0 0 

2 8.0 

3 6.3 

15 20.5 

21 33.3 

43 31.2 

33 50.8 

4 9.3 

5 7.2 

25 52.1 

34 56.7 

26 68.4 
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Table 13 continued 

Name and Code No. Examined Positive % Positive 

Lowveld (North) 

025 Tsambokhulu Primary 20 20 100.0 

039 Malibeni Primary 23 6 26.1 

040 Nhlanguyavuka Primary 37 20 54.1 

041 Mangweni Primary 37 24 64.9 

042 Zinyane Primary 21 12 57.1 

043 Mbasheni Primary 68 39 57.4 

Lowveld (Central) 

004 DIalisile Primary 31 3 8.1 

005 Esiweni Primary 49 6 12.2 

006 Ntandweni Primary 39 0 0 

021 St. Augustine Primary 38 12 31.6 

024 Siphoso Primary 47 16 34.0 

027 Sulutane Primary 30 18 60.0 

Lowveld (South) 

009 Bholi Methodist 180 32 17.8 

014 Dumisa 83 9 10.8 

015 Ndzevane Refuge Camp 101 25 24.8 

030 Maloyi Primary 94 13 13.8 

031 Bhokweni Primary 56 14 25.0 

037 Majombe Primary 33 2 6.1 

Lubombo 

022 Ndlalane Primary 31 2 6.5 

023 Sitsatsaweni Primary 69 7 10.1 
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1. 	Schistosoma haematobium
 

Table 14 shows the distribution of Schistosoma haematobium in the
 

geophysical zones of Swaziland.
 

TABLE 14
 

Prevalence of S. haematobium in the Geophysical Areas of Swaziland
 
National School Prevalence Survey, 1982-83.
 

Geophysical Area No. Examined No. Positive % Positive
 

Highveld 	 343 17 5.0
 

Middleveld 	 597 206 34.5
 

Lowveld 	 992 270 27.2
 

Lubombo 	 100 9 9.0
 

Missing 	observation = 3.
 

In the 	Highveld 5.0% of the survey population was positive of
 

S. haematobium, though interviews in many cases revealed that the respondent
 

had been exposed in other areas of Swaziland and may have imported the
 

infection to the Highveld.
 

The overall prevalence of S. haematobium in the Middleveld was 34.5%
 

with a range from 7.2% at Malkerns Primary School to 68.4% at Jericho Primary
 

School. There are no discernible trends in geographic distribution although
 

there were differences from school to school.
 

In the Lowveld, however, though the general prevalence was 27.2%, there
 

were decided differences between the northern Lowveld and the central and
 

southern Lowveld (See Table 15).
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Figure 6. Shistosomiasis haematobium Prevelance Survey In School Children.
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TABLE 15
 

S. haematobium Prevalence in the Lowveld of School Survey
 

Area of Lowveld % Positive Range

Low High
 

Northern 
 58 26% 100
 

Central 
 23 0% 59
 

Southern 
 17 0% 
 25
 

The range varied from zero percent in the Central Lowveld Primary School
 

Ntandweni to 100% at Tsambokhulu Primary School in the northern Lowveld. 
 The
 

northern Lowveld generally showed prevalences of 50% and more, while the
 

southern Lowveld commonly had rates less than 20%
 

The sex distribution of S. haematobium prevalence is shown in Table 16.
 

The prevalence of urinary schistosomiasis was consistently higher in males,
 

especially in the Middleveld-qhere males had a prevalence rate of 38.5% and
 

females 30.9%.
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TABLE 16
 

The Sex Distribution of S. haematobium in the Geophysical Areas of Swaziland in School Surveys
 

Male Female
 

Geophysical Area No. Examined No. Positive % Positive No. Examined No. Positive % Positive
 

Highveld 182 9 4.9 161 8 5.0
 

Middleveld 286 110 38.5 215 96 30.9
 

Lowveld 506 147 29.1 486 123 25.3
 

Lubombo 6 55 10.9 45 3 6.7
 

Total 980 321 32.7 907 230 25.4
 

!~ 



The age distribution of S. haematoblum is presented In Table 
17 anti Figure 7.
 

TABLE 17
 

Age Distribution of S. haematobtum by Geophysical Area 
In School Survey
 

Ilighveld MIdd leve I d Lowve 1d Lubombo
 

Age Group No Exam %Pos No Exam %Pos 
 No Exam %Pos No Exam %Pos
 

5-9 
 146 3.4 
 255 27.5 
 395 22.3 52 
 7.7
 

10-14 
 156 6.4 
 311 39.9 
 501 30.7 42 
 11.9
 

15-19 
 37 5.4 
 26 46.2 
 85 23.5 3 
 0
 
20+ 
 1 0 1 
 0 
 2 50.0 1 0
 

Table 18 
 shows the relationship between 
available 
toilet facilities and prevalence of 
 S.
 

haematobium. The Middleveld shows no difference between having no toilet and having pit latrines. In 

the Lowveld there Is a marked decrease in prevalence for those having pit latrines, with 30.8% positive 
for those people using the bush and 19.4% for those ith pit latrines. Those few people having flush 
toilets had very low rates of S. haenatobiut,. The lghveld data is irrelevant if the assumption is 

made that the cases are imported.
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Figure 7. Prevalence of Schistosoma hacmatobium by age and geophysical area in school survey 1982-83 



TABLE 18
 

Schistosoma haematobium vs. 
Toilet Facilities
 
by Geophysical Area in School Survey
 

No Facilities Pit Latrines 
 Flush Toilets
 

Geophysical
 
Area No Exam 
 %Pos No Exam %Pos 
 No Exam %Pos
 

Highveld 
 77 5.2 161 6.8 45 2.2
 

MidIleveld 
 307 39.7 249 30.5 17 11.8
 

Lowveld 
 660 30.8 299 19.4 3 0
 

Lubombo 
 81 7.4 7 14.3 2 0
 

Swaziland 1125 29.7 716 20.4 67 4.5
 

Missing observation = 126
 

TABLE-19
 

Schistosoma haematobium vs. 
Source of Domestic
 
Water by Geophysical Area in School Survey
 

Rivers/Streams Piped Water 
 Other
 

Geophysical
 
Area No Exam %Pos No Exam %Pos No Exam 
 %Pos
 

Highveld 155 5.8 93 
 4.3 32 6.3
 

Middleveld 359 
 37.3 87 32.2 
 120 30.0
 

Lowveld 576 
 32.6 369 18.7 
 19 31.6
 

Lubombo 86 
 9.3 1 0 
 6 0
 

Swaziland 1176 28.8 
 550 18.4 177 24.8
 

Missing observation = 132
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Table 19 shGis the relationship of S. haematobium prevalence to the source
 

of domestic water in the home. The Lowveld shows that 33% using streams and
 

riverq were positive while 19% with piped waLer were positive. "Otlier"
 

sources 
included springs, ponds, boreholes, and rainwater. The Middleveld
 

shows little difference in using streams or piped water.
 

TABLE 20
 

Prevalence of Schistosoma haematobium by roliet Facilities
 
and Water Supply
 

River/Stream River/Streams Piped Water Piped Water
 
and and and and
 

No Latrines Pit Latrines 
 No Latrines Pit Latrines
 

No. Percent No. Percent No. Percent 
 No. Percent
 

Negative 642 70.4 190 73.6 117 3.6 273 83.0
 

Positive 270 29.6 68 26.4 42 26.4 56 17.0
 

Total 912 258 159 
 329
 

Missing observation = 204
 

Table 20 shows a striking difference in the prevalance of S.
 

haematobium between those respondents using the rivers and streams and no
 

sanitary facilities, 29.6% positive, and those using piped water and pit
 

latrines, 17.0%. Furthermore, of the 61 people in the survey with piped
 

water and flush toilets, only two were positive for S. haematobium.
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2. 	Schistosoma mansoni
 

Table 21 shows the distribution of S. mansoni in the geophysical
 

zones of Swaziland in the school survey.
 

TABLE 21
 

Prevalance of Schistosoma mansoni by Geophysical Area in School Survey
 

Geophysical Area No. Examined 
 No. Positive % Positive
 

Highveld 	 343 
 3 .9
 

Middleveld 511 
 12 2.3
 

Lowveld 962 
 176 18.3
 

Lubombo 
 97 	 3 3.1
 

The distribution of intestinal schistosomiasis is confined, for the
 

most part, to the Lowveld. The low number of positive cases in the
 

Highveld, 0.9%, iere from three separate shcools and most likely imported
 

from another geophysical area, such as the Lowveld.
 

In the Middleveld, prevalence is 3.2% of the 511 stools examined.
 

Nhlambeni Primary School, with five of 40 positive, had the highest
 

prevalence for a primary school in the Middleveld. All the other schools
 

in the Middleveld had had prevalence rates of less than 5%. (See Table
 

22)
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TABLE 22
 

Prevalence of Schistosoma mansoni in School Survey
 
Swaziland 1983-82 

Name and Code No. Examined Positive % Positive 

Highveld 

012 All Saints Primary 60 1 1.7 

013 Siphocosini Secondary 29 0 0 

016 Bhunya Primary 118 1 0.8 

017 Mangcongco Primary 15 0 0 

0"L8 Usuthu Methodist Primary 48 0 0 

020 Torgyle Central Primary 25 1 4.0 

026 Esitseni Primary 48 0 0 

Middleveld 

001 St. Joseph Primary 47 0 0 

002 Elwandle Primary 54 0 0 

003 Mbekelweni Primary 114 2 1.8 

007 Nhlambeni Nazarene Primary 39 5 12.8 

008 Khalangilile Primary 43 0 0 

019 Malkerns Primary 69 1 1.4 

032 Cana Primary 48 0 0 

054 Mlambo Primary 60 3 5.0 

055 Jericho Primary 38 1 2.6 

- 49 



Table 22 continued
 

Name and Code 


Lowveld (North)
 

825 Tsambokhulu Primary 


039 Malibeni Primary 


040 Nhlanguyavuka Primary 


041 Mangweni Primary 


042 Zinyane Primary 


043 Mbasheni Primary 


Lowveld (Central)
 

004 Dialisile Primary 


005 Esiweni Primary 


006 Ntandweni Primary 


021 St. Augustine Primary 


024 Siphoso Primary 


027 Sulutane Primary 


Lowveld (South)
 

009 Bholi Methodist 


014 Dumisa Primary 


015 Ndjavanto Refuse Primary 


030 Maloyi Primary 


031 Bhokweni Primary 


037 Majombe Primary 


No. Examined 


21 


23 


37 


37 


21 


68 


33 


35 


27 


38 


47 


29 


180 


84 


101 


92 


56 


33 


Positive % Positive 

11 52.4 

9 39.1 

7 18.9 

3 8.1 

4 19.0 

30 44.1 

5 15.2 

2 5.7 

1 3.7 

3 7.9 

14 29.8 

2 6.9 

39 21.7 

18 21.4 

13 12.9 

0 0 

7 12.5 

8 24.2 

Lubombo 

022 Ndlalane Primary 

023 Sitsatsaweni Primary 

28 

69 

0 

3 

0 

4.3 
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Figure 8. Szhistosomiasis mansoni Prevalence Survey in School. Children.
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TABLE 23
 

Prevalence of S. mansoni in Different Areas
 
of the Lowveld in School Survey
 

% Positive Range
 

Geophysical Area No. Examined % 
 High Low%
 

Northern Lowveld 207 30.9 56.3 8.1
 

Central Lowveld 209 12.9 29.8 3.7
 

Southern Lowveld 546 15.6 24.2 
 0
 

Missing observation = 33
 

Intestinal schistosomiasis in the Lowveld has an overall prevalence of
 

18.3% though the distribution of the disease within the Lowveld varfes
 

considerably. The prevalence of S. mansoni ranged from 52.4% amongst
 

Tsambokhulu students to zero at Maloyi, in the south. The southern Lowveld 

had a mean prevalence of 15.6% with a range from 24.2% to 0 (Table 23). On 

the other hand, the northern Lowveld often had a prevalence of 50% or more. 

The Lomati River Basin in the extreme northwest had the highest prevalence of
 

S. mansoni in Swaziland and is discussed in a separate section. 

- 52 



TABLE 24
 

Prevalence of S. mansoni by Sex
 
and Geophysical Area in the School Survey
 

Highveld Middleveld Lowveld Lubombo
 
Age
 
Years NoExam %Pos NoExam %Pos NoExam %Pos NoExam %Pos
 

5-9 146 .7 222 2.3 382 13.6 49 2.0
 

10-14 156 1.3 264 2.7 488 21.7 42 0
 

15-19 37 20 80 17.5 3
0 0 33.3
 

20-24 1 .3 0 
 0 2 0 1 0
 

25+ 1 0 1 1 0 0 0 0 0
 

Total 341 .9 507 2.4 952 18.1 95 2.1
 

Missing observation = 40 

The age distribution of infection of S. mansoni as shown in Table 24 and
 

Figure 9 shows that the infection begins early within the 5-9 year age group
 

already infected. The peak of 21.7% occurred in 10-14 year olds and thereafter
 

the rates declines slowly.
 

The sex distribution of S. mansoni shows a 9.8% prevalence in females and
 

10.5% prevalence in males of Swaziland (Table 25)
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TABLE 25
 

Prevalence of S. mansoni by Sex and Geophysical Area in the School Survey 
(Missing observation = 123) 

Male Female
 

Geophysical Area NoExam NoPos %Pos NoExam 
 NoPos %Pos
 

Highveld 182 
 . 0.5 161 2 1.2
 

'!id-leveld 240 4 1.7 271 3 3.0
 

Lowveld 489 94 19.2 472 82 17.4
 

Lubombo 54 2 3.7 
 43 1 2.3
 

Total 965 101 10.5 947 93 9.8
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There was no marked difference in prevalence rate between those who had no 
toilet facilities and
 

those who had pit latrines. In the Lowveld where S. mansont is most prevalent, the difference in
 

prevalence between people without toilet facilities and those with pit latrines was less than 2%.
 

The other geophysical areas of Swaziland had 
so few positive cases 
that meaningful conclusions about
 

the data cannot be made (Table 26).
 

TABLE 26
 

Prevalence of Schistosoma mansoni by type of Toilet
 
and Geophysical Area in School Survey
 

No Toilets 
 Pit Latrines 
 Flush Toilet
 

Geophysical Area No Exam No Pos %Pos No Exam 
No Pos %Pos No Exam No Pos %Pos
 

Highveld 
 77 0 0 161 2 1.2 45 1 2.2
 

Middleveld 258 9 3.5 222 
 3 1.4 7 0 0
 

Lowveld 
 630 113 17.9 298 59 19.8 3 1 
 33.3
 

Lubombo 
 79 2 2.5 7 1 14.3 2 0 0
 



Again, the prevalence of S. manson 
 was so low in three areas of Swaziland that
 

analysis of the effect of domestic water source 
on prevalence is unreasonable (Table
 

27). In the Lowveld, those people using rivers and streams for domestic water had a
 

prevalence of 19.3% while those with piped water had 17.4%. The other source of water
 

included, generally unprotected supplies, had a prevalence of 25%.
 

TABLE 27
 

Prevalence of S. mansoni by Source of Domestic
 
Water and Geophysical Area in School Survey
 

River/Stream Piped Water Other
 

Geophysical 
Area No Exam No Pos %Pos Nc Exam No Pos %Pos No Exam No Pos ,Pos 

Highveld 155 1 .6 
 93 1 1.1 32 1 3.2
 
Middleveld 296 9 
 3.0 69 1 1.4 116 2 1.7
 
Lowveld 
 549 106 19.3 368 64 17.4 12 3 25.0
 
Lubombo 84 2 1 0 1
2.4 0 6 16.7
 

Total 1084 118 10.9 531 66 12.4 166 7 4.2
 

When combinations of sanitation and water supply are examined, those 
people using
 

rivers and streams, who had pit latrines, had the least prevalence of S. mansoni with
 

4.6% prevalence, much less than those without latrines (12.8%) (Table 28). 
 Those with
 

piped water and pit latrines had the highest prevalence. This group of students lived
 

mainly in irrigated farming work camps and are not typical of rural Swaziland.
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TABLE 28
 

Prevalence of S. mansoni by Water Source
 
and Sanitation in School Survey
 

Toilet
 
Water Source Facilities No Examined No Positive Z Positive
 

Rivers and Streams Pit Latrine 239 11 4.6
 
No Latrine 839 107 12.8
 

Piped Water Pit Latrine 323 51 15.8
 

No Latrine 153 13 8.4
 

Total 1555 182 11.7
 

Missing observation 313
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C. The Big Bend Survey of Irrigation Workers and Families
 

Big Bend is a large sugar growing area in the central Lowveld of
 

Swaziland. Five of nine worker compounds 
on Ubombo Ranch plus Bholi
 

compound were selected for the survey. 
Three hundred and seventy-nine
 

(379) residents provided urine and stool samples. 
The results are
 

presented in Table 29.
 

TABLE 29
 

Prevalence of Schistosomiasis at Big Bend Irrigated Sugar Estates
 

S. haematobium 
 S. mansoni
 

Group No Exam No Pos %Pos No Exam 
 No Pos %Pos
 

010 Bholi Compound 0 0 0 
 72 8 1U.1
 

033 Majombe Camp 121 3.3 21
4 121 17.4
 

034 Khayelihle Camp 103 9 8.7 103 
 17 16.5
 

035 Emaphayiphini 52 
 3 5.8 52 9 
 17.3
 

036 Sangwalume Camp 14 0 0 
 14 2 14.3
 

038 Sivunga Camp 17 17.6
3 17 0 0
 

Total 
 307 19 6.2 379 57 15.0
 

Note: No urine was examined at Bholi Compound
 

Missing observation = 72
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TABLE 30
 

Age Distribution of S. haematobium at 
Big Bend
 

Age Group No. Examined No. Positive 
 % Positive
 

0-4 2 0 0 
5-9 
10-14 

19 
19 

0 
z 

0 
10.5 

15-19 54 8 14.8 
20-24 34 1 2.9 
25-29 33 1 3.0 
30+ 146 7 4.8 

The overall prevalence of S. haematobium in the school 
age children
 

(5-19) was 10.8%, slightly less than the 12.19% found in the central 

Lowveld during the school 
survey. The age distribution peaked at 15-19 

year in the Big Ben Survey at 14.8% (See Table 30). 

The infection rate for S. mansoni was 15.0%, more than twice that of 

S. haematobium (Table 31). 
 The peak prevalence was found in the 
5-9 year
 

old group but the 31.6% seems unduly high and is probably ciue to the 

small number examined in this age group. The adults over 30 had three 

times more 
S. mansoni than S. haematobium.
 

There was no sex difference in the prevalence of S. haematobium but 

there was a slight increase in males for S. mansoni (See Table 32).
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TABLE 31
 

Age Distribution of Schistosoma mansoni at Big Bend
 

Age Group No. Examined No. Positive % Positive
 

0-4 2 0 0
 
5-9 19 6 31.6
 
10-14 23 2 8.7
 
15-19 70 13 18.6
 
20-24 51 8 15.7
 
25-29 45 4 8.9
 
30+ 169 24 14.2
 

Total 379 57 15.0
 

TABLE 32
 

Sex Distribution of S. haematobium and S. mansoni ac Big Bend
 

S. haematobium S. mansoni
 

Sex No Exam No. Pos % Pos No. Exam No. Pos % Pos
 

Male 166 10 6.0 176 30 17.0
 

Female 144 9 6.4 203 27 13.3
 

Total 307 19 6.2 379 57 15.0
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D. The Lomati River Basin Survey
 

1. 	S. haematobium
 

In the Lomati River Basin of the northwestern Lowveld, 989
 

residents were examined for S. haematobium with an overall prevalence of
 

54.6% (Table 33).
 

Table 33
 

The Prevalence of S. haematobium in the Lomati River Basin by Sex
 

Sex 	 No. Examined No. Positive % Positive
 

Male 	 459 251 
 53.5
 

Female 520 
 289 55.6
 

Total 939 
 540 	 54.6
 

The data showed no appreciable differences in prevalence of
 

S. haematobium for men and women.
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The age distribution of S. haematobium shows early exposure and
 

infection with 29.2% of the 0-4 year old children infected. Over half
 

(53.1%) of the 5-9 year olds are positive with a peak prevalence of 65.1%
 

found in the 10-14 year olds. There is a rapid decline after age 20. The
 

30+ year old adults had a prevalence of only 9.1%. (Table 34)
 

TABLE 34
 

Age Distribution of S. haematobiumn in the Lomati River Basin
 

Age Years No. Examined No. Positive % Positive
 

0-4 24 7 29.2
 

5-9 341 181 53.1
 

10-14 358 233 65.1
 

15-19 186 105 56.5
 

20-24 36 9 25.0
 

25-29 9 2 22.2
 

30+ 33 3 9.1
 

987 540 54.7
 

Missing observation = 2 
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TABLE 35
 

Relationship of S. haematobium to Water Source and Toilet Facilities
 
in the Lomati Basin
 

Water Source Toilet Facility No. Examinied No. Positive % Positive
 

River & Streams No latrines 297 186 62.6
 
Pit Latrines 402 205 51.0
 

Piped Water 	 No Latrines 8 4 50.0
 
Pit Latrines 30 17 56.7
 

Totals 737 412 55.9
 

There is no clear overall relationship between water and sanitation and the
 

the prevalence of S. haematobium.
 

- 64 



2. 	S. mansoni
 

985 stool 
samples were collected from the residents of the
 

Lomati River Basin. There 
was no apparent difference in prevalence for
 

men and wome-i. The overall prevalence was 68.0.' (Table 36).
 

TABLE 36
 

Sex Distribution of S. mansoni in the Lomati River Basin
 

Sex 	 No Examined No Positive % Positive
 

Male 	 466 
 323 69.3
 

Female 519 347 
 66.9
 

Total 985 	 670 
 68.0
 

Every age' group had a prevalence 50% or greater for S. mansoni. 

There was very early infection, a peak of 75.3% in the 15-19 year old 

group and a slow decline to 48.5% in the adults 30 years and over (Table 

37). The high prevalence in the 25-29 age group is not used as peak 

prevalence because of small numbers. 
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TABLE 37
 

Age Distribution of S. mansoni in the Lomati River Basin
 

Age years No. Examined No. Positive % Positive
 

0-4 24 12 50.0
 

202 59.6
5-9 	 339 


74.7
10-14 356 	 266 


140 75.3
15-19 186 


6 25 69.4
20-24 


77.8
25-29 9 7 


16 48.5
30+ 33 


668 68.0
Total 	 983 


Missing observations 6
 

Table 38 shows the egg counts per gram of stool for S. mansoni.
 

Although the adults have a high prevalence, they shed very few eggs.
 

Only six adults were shedding more than 10 eggs/grem and none were
 

shedding more than 50 eggs/gram stool. The bulk of the eggs were found
 

in the 5-20 year age groups with the 10-14 year age group shedding the
 

most eggs. Of the 266 positive children in this age group, 24 or 9.0%
 

were shedding more than 100 eggs/gram stool.
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"rAtIE J8 

Egg CoutiiktS alid GeomeL±ric Healimi; tor Scifsmtustima unaison i by Age hii the lonatl| River flislll 

Age Groups 

Eggs per grai 
of Stool 0-4 5-9 10-14 15-17 20-24 25-29 30- Total 

0-10 6 95 126 71 11 5 10 314 
'(50.0%) (47.0%) (47.4%) (50.7Z) (44.0%) (71.4%) (62.Zj (47.0Z) 

11-50 4 78 89 55 I1 2 6 245 
(33.3Z) (38.6X) (33.5%) (39.IZ) (414.0%) (28.6Z) (37.5%) (36.7%) 

51-100 1 19 27 10 I 0 0 58 
(8.3Z) (9.4%) (10.1z) f7.1%) (4.01) (8.7Z) 

1l00 1 10 24 4 2 0 41 
(8.1%) (5.0%) (9.0%) (2.8%) (8.0%) (6.1%) 

(eom l( rlc: Heafi: 13.3 12.5 14.1 10.2 14.6 7.4 6.5 12.4 

tlumher Po-ltive 12 202 266 140 25 7 16 668 

Neat Ive 12 137 90 46 1i 2 17 315 

hiumh"er Exam Ill211 24 339 356 186 36 9 33 98] 



The provision of piped water played no role in reduction of risk of 

infection with S. mansoni (Table 39). Those 
residents using the river
 

and streams as source of water had a prevalence of 67.7% while those with 

piped water had 71.8%, a slight increase in prevalence. The use of a pit
 

latrine made a slight 'ifference, 
from 70.3% prevalence for no latrine to 

67.0% prevalence fo pit latrines (Table 40). Therefore, water supply 

and sanitation have no effect on the prevalence of S. mansoni in the 

Lomati Basin.
 

TABLE 39 

Prevalence of S. mansoni versus Source of Water 
in Lomati River Basin
 

Source of Water 
 No. Examined 
 No. Positive 
 % Positive
 

River 
 759 
 514 
 67.7
 

Piped 
 39 
 28 
 71.8
 

Springs 
 62 
 41 
 66.1
 

Borehole 
 66 44 
 66.7 

Others 
 20 
 17 
 89.5
 

Total 
 946 
 644 
 68.1
 

Missing observation = 43 
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TABLE 40
 

Toilet Facilities versus S. mansoni Prevalence
 

in the Lomati River Basin
 

Toilet Facility No. Examined No. Positive %Postive
 

70.3
 

Pit Latrine 506 339 67.0
 

Flush Toilet 0 0 0
 

Total 893 611 68.5
 

No Latrine 387 272 


= 
Miqsing Observation 23
 

3. S. mattheei
 

In the Lomati River Basin, 24 residents were infected with S. matthei.
 

Of these, three had eggs in their urine along with the eggs of S. haematobium.
 

S. mattheei eggs were found in the stool sample of the other 21, 12 of whcm
 

had triple infection, i.e. S. mansoni, S. mattheei and S. haematobium. Six
 

of the 21 had the infection mixed with S. mansoni and three with S. haematobium.
 

No one was found shedding eggs of S. mattheei who was not also shedding
 

eggs of another Schistosoma species.
 

Although in this survey S. mattheei was only found in the Lomati River
 

Basin, it has been seen in the urines of people presenting themselves at
 

the Central Laboratory in Manzini. In fact, one 15 year old male was recently
 

found shedding three species of eggs in his urine.
 

Cases of S. mattheei uncovered at the laboratory are generally from the
 

Middleveld, a function of the Laboratory catchment area rather than the true
 

distribution of the parasite.
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E. Engculwini Homestead Survey
 

Forty six homesteads were visited during the Eugculwini Survey. The
 

overall prevalence of S. haematobium in the Engculwini Homestead Survey was
 

5.9%. The number of eggs found in the urines was very small (Table 41). No
 

individual had 
more than 10 eggs in 10 ml of urine. The highest prevalence
 

rates were for the 15-19 year old age group, 13.3% positive.
 

TABLE 41
 

Prevalence of S. haematobium with Egg Count
 
by Age Group in Engculwini Survey
 

Age GrouD, Eggs/i0 ml Urine! No Examined No Positive /Positive 
Years o 1-10 1 
0-4 11 0 11 I 0 0 

5-9 44 1 45 1 2.2
 

10-14 36 3 3
39 7.7
 

15-19 13 2 15 
 2 13.3
 

20-24 13 1 
 14 1 7.1
 

25+ 53 56
3 3 5.4
 

Total 170 180
10 10 5.9
 

The sex distribution of the sample was skewed as females made up 62% of
 

the sample and had a significantly lower prevalence rate (Table 42). This
 

lower rate is a result of the larger proportion of female adults in the
 

homestead. There were 23 males and 47 females over 20 years old.
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TABLE 42
 

Sex Distribution of S. haematobium
 
for the Engculwini Homestead Survey
 

Sex 
 No. Examined No. Positive %Positive
 

Male 64 
 6 9.4
 
Female 116 4 3.4
 

Total 180 
 10 5.6
 

In the Engculwini Homestead Survey, there were eight positive stool
 

samples in 180 examined, or a prevalence of S. mansoni of 4.2. All the
 

positive cases except one were in adults over 20 years old, suggesting
 

importation. The egg counts were low with only two of the eight shedding
 

more than 10 eggs per gram stool. (See Table 43)
 

TABLE 43
 

Prevalence of Schistosoma mansoni with Egg Counts
 
in the Engculweni Homestead Survey by Age Groups
 

Age 
Groups No. Examined Eggs/Gram of Stool %Positive 

0 1-10 11-20 

0-4 11 11 0 0 0
 

5-9 46 46 0 0 0
 

10-14 43 42 1 0 2.3
 

15-19 17 17 0 0 0
 

20-24 15 13 1 1 13.3
 

25-29 9 0
9 0 0
 

30+ 47 43 4 1 10.6
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F. 	Malacological Survey
 

The National Snail Survey was conducted over 12 months (January
 

to December 1982) and each site was visited once a month. 
 Each site
 

was representative of a specific Ecological Type found in the three
 

geophysical zones of Swaziland.
 

1. 	Description of the Sites
 

(1) Lupholho - Lupholho is the site of the hydro-electric dam 

currently being conctructed in the Highveld. This site was
 

chosen at the request of the Swaziland Electricity Board
 

(S.E.B.) who are concerned with the impact on schisto

somiasis created by the impounded waters. The stream is
 

generally fast flowing with a rocky substrdtum and not an
 

ecological niche conducive to snail colonization.
 

(2) 	Mbabane Municipal Intake Pond - This site is a small
 

Highveld pond (about 150 m 2 ) with a marshy shoreline.
 

Apparently springfed with plentiful vegetation and floating
 

algae, it is ideally suited for snails.
 

(3) Mdzimba Pond on the Tea Road - Mdzimba is a moderate sized
 

pond (500 m 2 ) in the Highveld. The collection site is on
 

the marshy east end of the pond. This site is a popular
 

weekend recreational pond with fishing, wind surfing and
 

boating.
 

(4) 	Maphanga Dam - A small man-made pond in the Middleveld,
 

Maphanga Dam is streamfed with plentiful aquatic plants on
 

the shoreline. It is a swimming site for children but used
 

primarily for watering livestock.
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(5) 	Engculwini Dam - This is a small man-made pond in the 

Middleveld which is springfed with plentiful aquatic plants
 

on the shoreline. It is also a popular swimming site for
 

children, and used primarily for watering livestock.
 

(6) 	Matsapha Dam - The collection site is the pools below this 

Middleveld dam. The substratum is sandy with many large 

rocks lini',g the shore. It is subjected to flooding during 

the rainy season. The site is not used for domestic water, 

but is a crossing point for a footpath. 

(7) 	Ishwabandza Stream - This is a small springfed stream about 

one meter wide with plentiful vegetation. It is in the 

Middleveld, and has flowing water yeai--round. 

(8) 	Majombe Camp Ditch - This site is a drainage ditch on the 

Ubombo Ranch Sugar Fields at Big Bend in the eastern
 

Lowveld. The ditch is across the road from a housing
 

compound, but it appears little used by the workers. The
 

water depth is usually 6-7 inches.
 

(9) 	 Khayelihle Camp Canal, Ubombo Ranch - An irrigation canal 

running in front of a housing compound, Khayelihle Camp
 

Canal is about three feet deep. Children use it for 

swimming and adults bathe in it despite the availability of
 

showers in the camp.
 

(10) Majombe Top Stream - A natural stream leading to a holding
 

dam on the Ubombo Ranch, the sitz! is choked with vegetation,
 

especially Typha (cattails).
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(11) 	Ngongo Stream, Big Bend - This is a small pond in Big Bend 

which is surrounded by Typha and reeds. A well-trodden path
 

and human feces indicated use by the population for
 

defecation.
 

2. 	Results of Malacological Survey
 

The distribution of freshwater molluscs collected in this
 

study is shown in Table 44. Lymnaea natalensis and Lymnaea
 

columella, neither of which are vector snails of schistosomiasis,
 

were the most widely distributed and numerous snailz. 
 Li the
 

Highveld, they were most often the only snails collected. In the
 

Middleveld and Lowveld, they were found at all sites except the
 

irrigation canal at Khayelihle. The population dynamics of the
 

vector snials of schistosomiasis are shown in Figures 10-20.
 

Bulinid snails were collected in all three topographical
 

areas. 
The most common species was B. (Physopsis) africanus.
 

There is some controversy about the differences, if any, between
 

Bulinus (Physopsis) africanus and Bulinus 
(Physopsis) globosus;
 

however, the snail Research Unit of Potchefstroom University,
 

fuliy aware of the method limitation, has identified the
 

Swaziland specimens as B. (Ph) africanus using traditional penile
 

dissection. 
During the entire year, only eight Bulinid snails
 

were collected in the Highveld, all B. (Physopsi) africanas and
 

all from Mdimba Dam. 
 One snail each was found in January,
 

February, April and May; five, in December. 
None were shedding
 

cercariae.
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In the Middleveld, B. (Ph) africanus was collected
 

year-round at all che sites, except at Engculwini during the
 

months the pond was dry. A total of 1,229 were examined and 90
 

were shedding bifurcated cercariae, believed to be those of
 

Schistosoma haematobium (see Tables 45 and 48). All four sites
 

hdd schistosome infected snails at some time during the warm
 

months but the most infected snails were collected at Engculwini,
 

where 55 of the 217 snails examined were found positive (25%).
 

The other Middleveld sites taken together had an infectivity rate
 

of 1.4%. Peak populations occurred in February and March when
 

water temperatures ranged between 25-30 degrees C.
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TABLE 44
 

Distribution of Freshwater Molluscs in Swaziland
 

MOLLUSC 
 HIGHVELD 
 MIDDLEVELD 
 LOWVELD
 

Lumnaea natalensis 
 v. common V. common v. common 

Lvmnaea collumella v. common 
 v. common common
 

Bulinus (P) africanus rare 
 common 
 common
 

Bulinus (B) tropicus 
 common
 

Bulinus (B) forskalii 
 rare 
 rare
 

Bulinus (B) deoressus 
 v. rare
 

Bulinus (B) natalen:,is 
 v. rare 

Biophalaria pfeifferi common 
 common
 

Gyraulus costalatus 
 rare 
 rare
 

Physa acuta 
 -- rare 

Afrogyrus coretus rare 

Segmentorbis planodiscus 
 v. rare
 

Certophallus natalensis rare 

Melanoides tuberculata 
 common 

Burnupia caffra 
 common 
 rare
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_______ ______ 

CERCARIAE TYPE 

SchItstosoma 

JAN 

9 
13.8% 

Echilnostoma 1 
1.5% 

Snails E~xamined 65 

CERCARIAE TYPE 

Schistosoina 

JAN 

3 
2.0% 

Enchl nostoma I 
0.7 

Snails Examined 146 

TABLE 45 

and % Shedding Various Cercariae 
Bullnus (Physopals) africanus: Numbers 

by Month 1982 

1 OT NOV DEC T AVG % 
APR MAY JUN] JUL AUG SEP 

FEB MAR 

90
6 00 7 21. 07 037 21 
3.2% 10.7% 0 7.3

0 t 20.6
0% 2.1% 0

12.3% 7.7% 3.5% 


86
3 24 8 17 2
15 19 

3.4% 5.7% 23.5% 1.6% 5.3% 8.0% 7.011I 13 
30.9% 14.9%
5.0% 6.9% 5.5% 

25 1229
7o 34 62 56 

300 272 198 42 47 58 

TABI.E 46 

and Sheddling Various Cereariae
Blonmphalarlai pfei.ffferi: Numbers 

by Month 1982 

JUl. AUG SEPT OCT NOV DEC T AVG % 
MAY .JINFEB MAR APR 

0 60 0 0 00 00 2 1 0 

-
 11.7% 0.65% -.

0 0 0 3 
0 0 0 0

2 0 
- -0.371.6% 

20 81637 40l I
17 153 83 43 22 1

127 I.--______ --



The distribution of B. (P) africanus was more restricted in the
 

Lowveld. 
Two of the four sites, Mayombe Ditch and Khayelihle Canal,
 

were completely free of this species. 2urthermore, in those sites
 

with this species the numbers were ne~rer large. A total of 33 were
 

found positive for schistosome cercai:Lae infection.
 

Other Bulinid snails found included B. (B.) tropicus, B. (B.)
 

forskalii,
 

B. (B.) depressus and B. (B.) natalensis. Bulinus (Bulinus)
 

tropicus was found only in the Lowveld sites where it was 
common, and
 

occasionally found in large numbers. This species has been shown to
 

be capable of very rapid increase in numbers when water temperatures
 

range from 21 degrees - 27 degrees C. Despite scattered reports,
 

there is no convincing evidence that B. tropicus is an intermediate
 

host of S. haematobium (Brown, 1980).
 

Bulinus (Bulinus) forskalii was only occasionally collected in
 

the Lowveld and Middleveld of Swaziland and the numbers were never
 

large. Mayombe Drainage Ditch and Engculwini Pond were the sites
 

where B. forskalii was most often found. 
It has not been shown to
 

transmit S. haematobium under natural conditions (Brown, 1980).
 

Bulinus (Bulinus) depressus was 
found only in the Lowneld where
 

16 snails were collected between April and July at Ngo Ngo Stream and
 

one from Mayombe in December. This snail is considered by
 

Mandahl-Barth (1968) as a subspecies of B. tropicus, but South
 

African investigators Hamilton-Atwell and Van Eeeden (1969) report
 

that it more closely resembles B. natalensis. It is not a host for
 

S. haematobium (Brown, 1980).
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Bulinus (Bulinus) natalensis was collected only once, in January,
 

when three specimens were found. One snail was also collected at
 

nearby Kalanga Dam, a non-study site, the same month. B. natalensis
 

from Zululand showed a low degree of compatibility with S.
 

haematobium in the laboratory, but has not been shown to be an
 

intermediate host under natural conditions (Brown, 1980).
 

The snail intermediate host of S. mansoni in Swaziland,
 

Biomphalaria pfeifferi, was not found in the Highveld during this
 

investigation, nor has it eve: been reported in the Highveld by the
 

Bilharzia Control Unit. In the Middleveld, only Matsapha Dam site
 

had Bionhalaria pfeifferi. This snail was found throughout the year
 

with the highest populations found during the warmer months.
 

Two-hundred- and-ninety-four snails were collected, of which one,
 

collected in April, was positive for cercariae of S. mansoni. In the
 

Lowveld, only Khayelihle Canal was free of Biomphalaria pfeifferi.
 

This3 site had only one snail, a Bulinus forskalii, collected during
 

t.he entire year. The other sites generally had Biomphalaria
 

pfeifferi throughout the year with no common population peak.
 

Mayombe Ditch showed a marked decline in population after three
 

months of low water temperatures, i.e. under 20 degrees C. This
 

small drainage ditch, usually less than 20 cm deep, provided little
 

protection from temperature gradients and breeding in the cooler
 

months effectively ceased. The other two sites were much larger
 

water bodies with emergent vegetation (Typha and Sparganium), which
 

provided some shelter, and had no marked seasonal decline in
 

populations.
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In the Lowveld 522 Biomphalaria pfeifferi were examined and five
 

were shedding schistosoma cercariae (See Tables 46 and 47).
 

The results of the monthly site visits are presented in Figures 10-20.
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TABLE 47
 

Monthly Numbers and Percentages of Bulinus (Physopsis) Africanus
 
Collected at Maphanga Dam, Shedding Echirostome Cercariae
 

Months JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC
 

Number of
 
Positive Snails 0 15 19 11 13 7 2 
 4 8 1 8 0
 

Number of
 
Snails Examined 6+ 65 28 11 15 7 10 14 9 1 5 0
 

Percentage
 
Shedding
 
Schi3tosome % 0 23 68 100 87 100 20 28 89 100 60 0
 
Cercariae ++
 

+ Three of six snails were shedding schistosome cercariae
 

-+ The Pond was drained to recover the body of a young boy who drowned while
 
swimming. No snails collected.
 

TABLE 48
 

Freshwater Snails of Swaziland and their Associated Cercariae
 

Snail Species Schistosome Echinostome Gymnophallid Strigeid Xiphi
diocercariae
 

Bulinus X X X X
 
(Physopsis) africannus
 

Bulinus
 
(Bulinus) tropicus X
 

Bulinus
 
(Bulinus) forskalii X
 

Biomphalaria
 
pfeifferi X X X
 

Lymnaea
 
natalensis 
 X
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V. Discussion 

A. 	Prevalence Survey
 

There are three species of schistosomes which infect man in
 

Swaziland: Schistosoma haematobium, Schistosoma mansoni and
 

Schistosoma mattheei. Each causes an epidemiologically distinct
 

disease affecting different organs in the human host, with
 

various modes of passing eggs, requiring specialized snail
 

interrediate hosts and having various and unequal geographic and
 

demographic distributions.
 

Jobin and Jones (1976) estimated that schistosomiasis
 

infected 140,000 people in Swaziland with a much higher
 

prevalence among school children from the irrigated areas of the
 

Middle and Lowvelds. Since the 1950's when the first National
 

Survey of Schistosoaiasis was conducted in Swaziland, the LWwveld
 

has experienced a major increase in population due to the
 

successful control of malaria in the bushveld and the subsequent
 

development of rrigated agriculture. In Africa schistosomiasis,
 

especially S. mansoni ha.3 generally increased with the
 

introduction of irrigation. The potential for 400% more
 

irrigated acreage in Swaziland poses a more serious health
 

threat. 	Though the Ministry of Health does not presently
 

consider 	Schistosomiasis a high priority public health problem,
 

they have had the foresight to request assistance in conducting a
 

current 	assessment of the prevalence distribution in order to
 

plan future control activites.
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The focus of the National Schistosomiasis Prevalence Survey
 

was Primary School children. Schistosomiasis infection is most
 

common in school aged children. Jordan (1963) showed that in 

Tanzania the 6-20 year age group was potentially responsible for
 

the bulk of contamination (82%, 73% and 93% in various areas).
 

Likewise, Pesigan (1985) showed in the Phillippines that the age
 

group 10-14 (12.5% of the popultation) was potentially
 

responsible for 59.9% of the infection. Similar results were
 

shown by Faroog and Samann (1967) in Egypt, where t-he 5-19 year
 

age group has a transmission potential of 71.8% for 

S. haematobium and 41% for S. mansoni.
 

It is shown in Table 11, that in Swaziland the 10-14 year
 

old age group, found positive for S. mansoni, shed the highest 

number of eggs per gram stool. Though egg counts for S. 

haematobium were only done for Engculwini Homestead areas, there
 

also, the 10-14 year old age group was shedding the highest
 

number of eggs. One egg reaching fresh water releases a
 

miracidium which infects a single snail. The infected snail,
 

however, releases thousands of cercariae each and every day for
 

for the rest of its life. 

In respect to the population at risk and the role played in 

transmission, primary school children of Swaziland constitute an 

important target group. Universal primary education is the major
 

development goal of the government of Swaziland. In t-he years
 

between 1970 and 1980, enrollment in primary school increased by
 

62%, 157% in junior secondary and 468% in senior secondary
 

(Appendix B, Table 1.). Today, while attendance is not
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mandatory, the enrollment figures are high: 92% of all 10 year 

olds attend school (Appendix B, Table 2). 

The recent increase in primary schools has resulted in many 

over-aged children attending primary schools. Often, children 

begin school late because local community schools were not
 

available. Moreover, the lack of qualified teachers and
 

overcrowded classroomm conditions in rural areas is such that
 

many students must repeat classes. Since primary school children
 

are generally a fixed population with limited travel and,
 

therefore, limited exposure to disease outside their home/school
 

area, the prevalence found in that group can be attributed to
 

local transmission.
 

The emphasis of the Bilharzia Control Unit on primary shcool 

children is justifiable in light of the fact that they reflect
 

community prevalence and local transmission. Sufficient numbers 

are assembled at the schools, and they do not demur when told by 

teachers to cooperate with the survey team. Older children and 

adults are much less willino Cu give stool samples and urines. 

In addition, the Bilharzia Unit attempts to treat all those 

found infected with schistosomiasis, thereby reducing the number 

of high agg producing children who can recontaminate their 

environment and preventing further tissue and organ damage in the 

children.
 

At the time of the school visit, the teachers are given
 

educational aids concerning schistosomiasis to reinforce health
 

- 95 



education. 
The child, found to be infected, will be more
 

intimately involved in the lessons on schistosomiasis and how to
 

avoid reinfection. The teachers are also made more aware of the
 

prevalence of the disease and are more 
likely to include
 

classroom emphasis on the life cycle and preventive measures for
 

schistosomiasis in their lesson plans. 
Thus the general
 

population learns earlier how to break the cycle.
 

A secondary emphasis in the Combined Survey was the
 

verification that the prevalence of schistosomiasis among school
 

children reflects the prevalence in the community as a whole.
 

Thus, three areas were surveyed in which adults were included and
 

for which age-specific rates could be compared (see Table 49).
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TABLE 49
 

Age Comparison of Schistosomiasis in Three Community Surveys
 

Big Bend Lomati Engculwini
 

S. haematobium
 

School-aged children 10.8% 53.6% 6.0%
 

Adults 4.8% 9.1% 5.4%
 

Community at large 6.2% 54.7% 5.9%
 

S. mansoni
 

School-aged children 18.8% 69.0% 0.9%
 

Adults 14.2% 48.5% 10.6%
 

Community at large 15.0% 68.0% 4.2%
 

The peak prevalence for both S. haematobium and S. mansoni in these
 

groups occurred between ages 10 and 19 years (Fig. 4 & 5). This is in
 

agreement with the generally accepted patterns for schistosomiasis in
 

endemic communities of Africa.
 

The prevalence for S. haematobium in the Combined Survey peaked
 

between ages eleven and sixteen years (Fig. 4). The adult population
 

consistently had a much lower prevalence than the school-aged children.
 

In the Lomati Basin, where the community had an overall infection rate of
 

54.7%, the adults over 30 years old had only 9.1%.
 

The general age profile of S. haematobium infection in Swaziland
 

shows that it is generally acquired after age four years, but continues
 

into the teenage years with a rapid decline in adults. This decline is
 

presumably due to a combination of acquired immunity and age-related
 

variances in water contact patterns.
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The age distribution of S. mansoni (Fig. 5), though similar, has
 

several important variations. In the Lowveld, where S. mansoni is
 

endemic, only 14% of the 5-9 year olds had intestinal
 

schistosomiasis. The peak prevalence occurred in the 17-18 year
 

old. While there was a decline after age 20, the adult population
 

continued to have an infection prevalence of 18% constituting a
 

significant public health problem. Thus S. mansoni, as ccmpared to
 

S. haematobium is acquired and peaks several years later, and the
 

infection is maintained longer in the adults. In the Combined Survey
 

18% of the adults continued to shed eggs and in the highly endemic
 

Lomati Basin, 48.5% of the adults were positive for S. mansoni.
 

One reason for this continued high prevalence may be that
 

acquired immunity in the human host is poorly developed and even with
 

less water contact some transmission takes place. A greater factor
 

is the longevity of the adult worm. S. mansioni is capable of living
 

25 years or more (Joyce, 1972; Wallerstein, 1949; and Berberion,
 

1953), though the real life expectancy is less. In Puerto Rice, it
 

was shown by Hiatt (1980) that in an endemic area where transmission
 

was completely interrupted by intensive use of chemical
 

molluscicides, the prevalence and geometric mean egg output
 

decreased, but only minimally, during the five years of annual
 

surveillance. Individuals who were found positive at the beginning
 

of the study, in general, continued to shed the same number of eggs
 

five years later. The author concluded that the half-life of S.
 

mansoni in the study population was more than 10 years (Hiatt,
 

1980). Thus, the chronic disease observed in adults is presumably a
 

result of heavy infection acquired during childhood.
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In the present study, the adult population was shedding few eggs
 

(4.6 eggs per gram stool) and they, therefore, play a minor role in
 

maintaining the transmission cycle compared to the 10-14 year age 

group, shedding 11.3 eggs per gram stool. However, if one accepts 

the assumption 'Lhat water contact for adults is reduced and new 

infections limited, drug treatment in the older teenager may prevent
 

clinical disease in the adult population. The pathogenesis of
 

schistosomiasis is due to the continued accumulation of eggs in the
 

tissues and organs of the body over a long period of time. Drug
 

treatment of young adults infected with S. mansoni will prevent
 

further accumulation in an age group unlikely to be reinfected.
 

Secondary schools in the Lowveld where the disease is endemic 

should be given special attention. Although a larger percentage of
 

this group do not attend secondary schools, those who do can be
 

easily reached and the Ministry of Health shouid use the opportunity 

to treat them before they leave school.
 

B. Diagnostic Techniques
 

The decision to use a qualitative rather than a quantitative 

method for the examination of urine for S. haematobium was a matter 

of some concern. The quantitative nucleopore system was pretested in 

southern Swaziland in October 1981 prior to the commencement of the 

National Survey. The Bilharzia Control Unit assisted Dr. David
 

Matovu, Mwanga Medical Research Center, Tanzania, in his
 

investigation of the area served by the UNDP/UNICEF/WHO/Government of 

Swaziland Water and Sanitation Project. The purpose of the study was
 

to provide baseline data for the project and specifically to obtain
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quantitative eggs counts on positive cases of urinary and intestinal
 

schistosomiasis. Three hundred urine samples from children and
 

adults were examined both by the qualitative Petri dish technique and
 

by the quantitative nucleopore pop-top membrane system.
 

Qualitatively, 94, or 27%, were found positive while only 58
 

specimens, i.e., 16.7%, showed eggs shed when the quantitative filter
 

method was employed. The nucleopore system was slow and cumbersome.
 

Because only 10 ml of urine was examined, it was not adequately
 

sensitive to detect light infections.
 

Furthermore, by continuing to use the Petri dish technique,
 

comparisons could be made of new data with that of data collected by
 

the Bilharzia Control Unit in the past 20 years.
 

It is the policy of the Ministry of Health to treat all positive 

cases of S. haematobium, regardless of intensity, with metrifonate, 

ai effective, relatively inexpensive drug, with no serious side 

effects. The more sensitive and efficient Petri dish technique was
 

preferred for the screening of large numbers of students.
 

The Modified Richie Formal Ether Technique for the quantitative
 

examination of stool samples was a very satisfactory method. Stools
 

could be collected and preserved in the field by relatively
 

non-technical employees and then examined at the laboratory by the
 

two laboratory technicians without a.iy time constraints.
 

C. Geographic Distribution of Schistosomiais and the Vector Snails 

1. Highveld
 

The geographic distribution of schistosomiasis shows marked
 

difference for the various areas of the country. The Highveld
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is essentially free of both S. haematobium and S. mansoni.
 

'.cosefew positive found in the Highveld during the Prevalence
 

Survey were scattered. Only one school had more than three
 

cases of schistosomiasis. This was Bhunya Primary School which
 

serves the community working at Usutu Pulp Company. This large
 

paper mill attracts workers from throughout the country, and the
 

eight children (6.8%) found positive for S. haematobium could
 

easily have acquired the infection elsewhere. Interviews with
 

several of the infected children revealed that they had all
 

visited the Middle and Lowveld of Swaziland. The overall
 

prevalence of S. haematobium (5%) and of S. mansoni (0.9%) is
 

believed to be imported from other areas to the Highveld.
 

The malacological survey found no Biomphalaria pfeifferi
 

snails in the Highveld. This snail, the intermediate host of S.
 

mansoni, is unable to tolerate the low temperatures of the
 

Highveld winter months (Pitchford, 1981). Since the
 

intermediate host is absent, active transmission in the Highveld
 

is not possible.
 

The intermediate host of S. haematobium, Bulinus (Physopsis)
 

africanus, is slightly more resistant to cold temperatures
 

(Pitchford, 1981). Speciments were found on several occasions
 

at Mdimba Dam on the Tea Road. This species was not collected
 

from any other site in the Highveld. The transmission of S.
 

haematobium is unlikely because of high snail mortality during
 

winter months and because of the longer incubation period of the
 

parasite in the snail attributed to colder temperatures
 

(Pitchford, 1981). In addition, the colder temperatures of the
 

Highveld shorten the swimming season appreciably.
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In the Highveld waterbodies tend to be small, fast-flowing
 

streams frequently scoured by floods associated with violent
 

thunderstorms. Such sites do no favor colonization of snails.
 

Nevertheless, there may be patchy distribution of low-level
 

transmission in isolated areas of the Highveld. Pitchford
 

(1975) raised the possibility that favorabla conditions for the
 

spread of S. haematobium may be created by the construction of
 

large storage dams across streams or rivers presently free of
 

Bulinus (Physoosis) africanus. Depending upon the depth of the
 

water, these impoundments may raise the temperature of the water
 

in pools below the dam to the point where it is acceptable to
 

the snail and the schistosome.
 

The Duphohlo Hydro-Electric dam under construction in the
 

Highveld may create such a predicament and should be carefully
 

monitored. This lake will attract human settlers to ics shores,
 

and Mbabane residents will use the lake for recreational
 

activities. With an active colony of the vector snail and a
 

concentration of human population, some transmission of S.
 

haematobium will be more likely.
 

2. 	 Middleveld/Lubombo
 

Of the four geophysical areas of Swaziland the Middleveld
 

has the highest prevalence of S. haematobium, 34.5% in the
 

school survey, with a range from 7.4% to 64.0%.
 

Bulinus 	(Physopsis) africanus is the only snail acting as an
 

intermediate host, but this snail has successfully invaded a
 

great variety of habitats. Many of these habitats are small and
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subject to regular catastrophies such as flooding and drought.
 

The genus, Bullinus, however, is adapted for rapid colonization
 

of warm, temporary habitats, so these catastrophies only serve
 

to prevent over-crowding. All the sites in the Middleveld
 

showed large, rapidly increasing populations in the warm summer
 

months. This capacity is shown graphically in Figure 16.
 

Ishwabandza, where one man-hour of collecting resulted in a
 

single snail in February, 96 snails in March and 150 in April.
 

During the snail survey, schistosome infected snails were
 

found at all the study sites of the Middleveld. At Engculwini,
 

25% of the snails collected were shedding schistosome
 

cercariae. Unfortunately, microscopic examination cannot
 

distinguish between cercariae of S. mattheei and S. haematobium,
 

and the low prevalence (5.9%) of S. haematobium at Engculwini
 

suggests that these cercariae were S. mattheei, a disease
 

predominantly of cattle.
 

Other sites of the Middleveld averaged 1.4% schistosome
 

infected snails, but in January-February the average was much
 

higher 12-13% (See Table 45).
 

The prevalence rate at a school is dependent on the
 

proximity of surface water. The hilly region of the Middleveld
 

is well watered with many springfed streams, several large
 

rivers and a great many stock watering ponds. While those ponds
 

are not generally used for drinking water if other sources are
 

available, they are popular swimming sites. During the hot
 

sunmer months, these streams and ponds are host to many children
 

who spend hours swimming in the cercaria infected water.
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Active transmission of S. haematobium in the Middleveld is 

confined to the summer months beginning in September and ending
 

in late April, not only because the snails stop shedding
 

cercaria but because the cold weather limits human-water contact.
 

S. mansoni is rare in the Middleveld and the snail
 

intermediate host, Siomphalaria pfeifferi, has a patchy
 

distribution. nTis snail, which prefers permanent bodies of
 

water, was found only at the Matsapha Dam site during the
 

malacological survey.
 

However, large numbers of the snail were collected by the
 

Bilharzia Control Unit in the Nhlangano area in November 1981
 

and at Mbekelweni in September 1981 and again during the summer 

of 1982, though none of these snails were shedding schistosome
 

cerCariae.
 

No S. mansoni was found at five primary schools in the Nhlangnao 

area durlng the Bilharzia Control Unit's November 1981 survey. In 

March 1982, the Mbekwiweni Primary School had only two cases in 121 

children examined (1.6%), thouigh prevalence of S. haematobium at the 

same school was 31%. It appears thdt the snail, Biomphalaria 

pfeifferi, has a limited geographic distribution in the Middleveld 

and that even in habitats with large snail populations, such as 

Nhlangano and Mbekelweni, conditions are not ideal for the 

transmission of S. mansoni. 

The absence of S. mansoni, despite the presence of the snail
 

host was noted in southern Africa as early as 1938 by Dr. Annie
 

Porter. At Mbekelweni in September 1981, 23 of 76 snails collected
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were shedding Pleurolophocercous cercariae, suggesting possible
 

interspecies competition for the snail host. However, the
 

limiting factor for transmission is probably water temperature,
 

which affects the parasite at some point in its life cycle.
 

Pitchford (1981) found that temperatures greater than 30
 

degrees C (Monthly Mean of Daily Maximum) and less than 17 

degrees C (Monthly Mean of Daily Minimum) may adversely 

influence some developmental stage of S. mansoni.
 

During the malacological survey, Biomphalaria ofeifferi was
 

collected in the pool below the Matsapha Dam site throughout the
 

year, but only in April, late summer, was a single snail found
 

shedding schistosome cercariae. The presence of this single
 

case may be due to the temperature stabilizing effect of the
 

large water impoundment.
 

For purposes of schistosomiasis control, the Lubombo Plateau 

with its small population can be considered Middleveld.
 

3. Iowveld 

The overall prevalence of S. haematobium in the Lowveld was 

27% and of S. mansoni, confined primarily to the Lowveld, 18%. 

The semi-tropical climate in the Lowveld provides a longer
 

transmission season. Daytime temperatures low enough to
 

discourage children from playing in the water are found for only
 

one or two months of the year. Daily temperature ranges
 

suitable for the development of the various stages in the life
 

cycle of the parasites are maintained for longer periods.
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The distribution of schistosomiasis in the Lowveld is not
 

homogeneous but shows a remarkable gradation from north to south. In
 

the Northern Lowveld there are areas of intense transmission. The
 

National Survey found 58% of the school children positive for S.
 

haematobium and 31% positive for S. mansoni.
 

In Tsambokhulu in the north-eastern Highveld, every child in the
 

survey was positive for S. haematobium and 52% had mixed infection.
 

The transmission site was an intermittent stream which formed a
 

series of pools during the hot season. These pools were full of
 

floating vegetation providing food and shelter for large colonies of
 

both vector snails. Although a hand-dug well was nearby, the stream
 

provided a swimming pool for the children, laundry site for the women
 

and bathing area for the adults. This stream, nestled at the foot of
 

two hills is the only surface water to be found in the area.
 

The Lomati Basin in the northwestern Lowveld has the highest
 

prevalence for all three species of schistosome known in Swaziland.
 

Sixty-0five percent of the 10-14 year old -Trouphad S. haematobium
 

(55% all ages), while 75% of the 15-19 year olds had S. mansoni (68%
 

all ages). S. mattheei which has the same biological requirements as 

S. haematobium was found in 24 people, the only true focus of this
 

parasite in humans found in Swaziland.
 

Although the Lcnati River Bed is below 500 meters and thus has
 

the temperature ranges typical of the Lowveld, the general topography
 

resembles Middleveld with rolling hills and many small streams and
 

stockponds. Therefore, both the surface water and temperature
 

requirements for transmission of the diseases are optimized in that
 

area ani intense transmission occurs.
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The prevalence of schistosomiasis in the central and southern
 

Lowveld has a more spotty distribution. The critical factor is the
 

accessibility of surface water. As one proceeds south in the
 

Lowveld, the land becomes increasingly arid and, except for the major
 

rivers, surface water is not readily found for many months of the
 

year. Tables 15 and 23 show that the prevalence of both S.
 

haematobium and S. mansoni decline from north to south.
 

Both vector snails, i.e., Bulinus (Physopsis) africanus and
 

Biomphalaria pfeifferi were routinely found by the Bilnarzia Control
 

Unit throughout the Lowveld, often sharing the same habitat.
 

Intermittent streams which form a series of pools during the dry
 

season are a common natural habitat type for both snails in the
 

Lowveld. As previously described for Tsambokhulu, these pools not
 

only provide food and shelter for the snails, but often are heavily
 

utilized by the human population for domestic water and recreation.
 

Water impoundments constructed by governmental development
 

agencies, private farmers, and large sugar and citrus estates found
 

throughout the 'vel are also excellent habitats for the vector 

snails. Due to the general lack of water in the Lowveld, these
 

man-made impoundments are often the primary source of domestic water
 

for the people, resulting in high level active transmission.
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D. Effects of irrigation on Schistosomiasis 

In Africa the introduction or expansion of irrigation has 

often resulted in an increase in the prevalence of 

schistosomiasis (Kluos and Lemma, 1974; Sturrock, 1965; 

Bruijning, 1969). This deleterious effect of irrigation on 

health is particularly significant in Swaziland because 

irrigated agriculture is the greatest earner of foreign exchange 

and a major source of wage-earning employment. 

There are two large areas of irrigation in Swaziland: the 

Commonwealth Development Corporation (C.D.C.) Estates in the
 

northeastern Lowveld and sugar, citrus and cotton estates
 

surrounding Big Bend in the southern Lowveld.
 

The C.D.C Estates recently conducted a major two year study
 

of schistosomiasis (Logan, 1979) which included prevalences in
 

human populations and a detailed study of the snail intermediate
 

host. Therefore, the resources of the Bilharzia Control Unit
 

were used to investigate conditions at Big Bend and not to
 

duplicate the C.D.C. study.
 

The malacological survey in the Lowveld was primarily
 

concerned with the effects of irrigation on snail populations at
 

Big Bend. Of the four Lnwveld sites included in the snail
 

survey, the shallow, natural pond of the Ngongo Steam was the
 

only site not directly affected by agricultural activites. It
 

was also the only site at which Bulinus (Physopsis) africanus
 

was collected. This species, which is the vector for urinary
 

schistosomiasis, was not found in the irrigation canals,
 

drainage ditches or associated streams of the Ubombo Sugar
 

Estates.
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During the past two decades there has been a substantial
 

reduction of S. haematobium in the Nile Delta of Egypt due to an
 

emphatic decline in the populations of the bulinid snail host,
 

Bulinus truncatus. This decline has been attributed by some
 

investigators not to snail control activities, but to the increased
 

use of agricultural chemicals in the Delta (El Alamy, 1983). The
 

absence of Bulinus (Physopsis) africanus at Ubombo Ranches may also
 

correspond to a species intolerance to agricultural chemicals.
 

The relatively low distribution and population of the vector
 

snail in the Big Bend area is reflected by the lower prevalence of S.
 

haematobium there. The Majombe Primary School had a 6.1%
 

prevalence. By comparison, the primary shcools of the southern
 

Lowveld, not closely associated with Big Bend sugar estates, had a 

prevalence of 17% for S. haematobium.
 

Biomphalaria pfeifferi was found readily in all but one of the 

malacological survey sites. In the Khayelihle Irrigation Canal,
 

routine canal maintenance effectively destroyed snail population for 

the duration of the study. On a visit to the site four months before 

the stirt of the survey, the canal was heavily infested with Bulinus 

tropicus. Because of this, the site was chosen and, in part, because 

of its frequent utilization for bathing and swimming. 

Unexpectedly, however, only one snail, a single Bulinus
 

forskaiii, was found during the entire 12 month study. During the
 

survey two cacastrophic events wiped out the existing snail
 

population and mitigated against recolonization by snails. On
 

January 16, 1981 the banks of the canal were treated with an
 

herbicide, Round Up from Monsanto (isopropylamine salt of 
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glyphosate) which eliminated all aquatic vegetation and grasses from
 

the banks. Four months later, the canal was dredged, removing silt
 

and weeds and burying any snails.
 

Biomhalaria pfeifferi was collected in the greatest numbers in
 

the Majombe Draninage Ditch during the Fall (April-June), but
 

populations declined markedly during the colder months (Figure 17).
 

Majombe Top Stream, which is a larger body of water, less susceptible
 

to daily temperature gradients, experienced a drastic decline only in
 

the late summer (February-April).
 

The higher numbers of Biomphalaria pfeifferi found in the
 

Lowveld collection sites correlate with the higher prevalence of S.
 

mansoni in the Big Bend area. In the Majombe Worker Compound, 17% of
 

the residents had S. mansoni and 24% of the Majombe Primary School
 

children were infected. The prevalence of adults over 20 in the six
 

worker compounds at Ubombo Ranches was 13.6%.
 

Biomphalaria pfeifferi, unlike Bulinus (Physopsis) africanus,
 

was not adversely affected by irrigated agricultural activity, and
 

the relative prevalences of S. haematobium and S. mansoni reflect the
 

snail vector distribucion.
 

In his two year study of schistosomiasis in the irrigated
 

estates of C.D.C., Logan found both Bulinus (Ph) globosus and
 

Biomphalaria pfeifferi. There was a marked seasonal change in the
 

populations of Biomphalaria pfeifferi but fluctuations in numbers of
 

Bulinus globosus did not appear to be seasonal. Both species were
 

found in lined contour canals, field drains, fish ponds and,
 

occasionally in night storage dams. Only Bulinus globosus was found
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in either seasonal or permanent rivers. Biomphalaria pfeifferi
 

showed a greater tolerance to sewage pollution, but neither snail was
 

found in the highly polluted oxidation ponds. Night storage
 

reservoirs, which experienced regular fluctuation in levels, were
 

relatively snail-free, except during periods of low irrigation demand
 

when levels were stable.
 

Table 50 compares the prevalence of S. haematobium and S.
 

mansoni reported by Logan for schools in the irrigated areas with
 

prevalences of the 1982 National School survey for schools nearby,
 

but outside the irrigated realm. The prevalence of S. haematobium in
 

school children from irrigated areas was 26%, while the prevalence
 

for school children from non-irrigated areas was 59% (127% more).
 

However, there was 42% more S. mansoni (34% vs. 24%) among school
 

children in the irrigated areas.
 

The median prevalence of S. haematobium for various groups of
 

field workers at the C.D.C. Estates was 24.5% (Table 51). This is
 

even more than the 17.9% in adults over 20 years reported herein for
 

the highly endemic Lomati Basin, which is also in the northern
 

Lowveld. This elevated prevalence in adults is due in part, to
 

occupational exposure of the field workers. Workers in the sugar
 

processing mill had only 14.5% prevalence.
 

Logan reported that 15% of the daily paid workers were
 

originally from the Highveld. Table 52 shows that 23% of the workers
 

from the Highveld were positive for S. haematobium. Since
 

transmission does not occur in the Highveld, they were probably
 

exposed to the cercariae for the first time while employed at the
 

sugar estates.
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Schools 


Tsambokhulu 

Malibeni 


Nhlanguyavuka 

Mangweni 


Zinyane 


S. mansoni
 

Tsambokhulu 

Malibeni 


Nhlanguyavuka 

Mangweni 


Zinyane 


Nearby Schools 


No. Examined 


20 

23 


37 

37 


21 

138 


21 

23 


37 

37 


21 


139 


Schools 


Mhlume Central 

Tshanenl Central 

Mananga 

Vuvulane 


Mhlume Central 

Tshaneni Central 

Mananga 

Vuvulane 


TABLE 50
 

Effects of Irrigation on Prevalence of Schistosomiasis
 
in School Children of 
the Northern Lowveld of Swaziland
 

S. haematobium
 

CDC Schools Influenced by Irrigation+ 


No. Examined No. Positive 
%Positive 


179 
 47 26.2 

135 
 42 31.0 

132 
 16 12.1 

104 
 38 36.5 


550 143 
 26.0 


179 88 
 49.1 

135 45 
 33.8 

132 
 10 7.8 

104 
 45 43.6 


550 188 
 34.2 


not Affected by Irrigation++
 

No. Positive 


20 

6 


20 

24 


12 

82 


11 

9 


7 

3 


4 


34 


%Positive
 

100
 
26.1
 

54.1
 
64.9
 

57.1
 
59.4
 

53.4
 
39.1
 

18.9
 
8.1
 

19.0
 

24.5 

+ From: Logan 1979
 
+- From: Current National School Survey 1982
 



TABLE 51
 

Prevalence Rates of S. haematobium and S. mansoni
 

Among Daily Paid Employees in Order of Prevalence
 
At the C.D.C. Estates
 

From: Logan 1979
 

S. haematobium S. mansoni
 

Population Prevalence (%) Population Prevalence (% 

yield Workers
 

Mfuleni, MSCo 41.8 Mvutshini, MSCo 62.0
 
Citrus, SIS 30.4 Pansikwentabe, MSCo 60.0
 
Farm, MAMC 26.1 Mfuleni, MSCo 58.3
 
Vuvulane Sugar, SIS 24.5 Citrus, SIS 56.1
 
Ricelands, SIS 24.5 Livestock, SIS 54.7
 
Pansikwentaba, MSCo 23.0 Ricelands, SIS 50.0
 
'Mvutshini, MSCo 21.2 Vuvulane Sugar, SIS 40.0
 
V.I.F. 19.0 V.I.F. 35.8 
Livestock, SIS 13.9 Farm, M.IC 34.2 

Non Field Workers
 

Building Department, MSCo 24.0 Sugar Mill, MSCo 48.1
 
Building Department, SIS 21.7 Building Dept., MSCo 44.8
 
Office Staff, MAMC 17.8 Building Dept., SIS 37.7
 
Mill, MSCo 14.5 Agronomy, MSCo 28.5
 
Agronomy, MSCo 13.3 Office Staff, NAMC 15.0
 

TABLE 52
 

Home Area - Prevalence Rates for Daily Paid Labor
 

From: Logan 1970
 

Area S. haematobium S. mansoni
 

No. Pos Ttl % No. Pos Ttl %
 

Highveld 18 78 23.0 36 70 51.4
 
Middleveld 54 207 26.0 101 197 51.2
 
Lowveld 32 134 23.8 75 123 60.9
 
Lubombo Mountains 15 92 16.3 30 85 35.2
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The prevalence of S. mansoni in the adult workers of the C.D.C.
 

Estates was high: Mvutshini, 62%; Panikwentaba, 60%; and Mfuleni,
 

58%. These figures are well above the 18% for adults in the Combined
 

Survey, but are of the same magnitude as the 61% found in adults over
 

20 in the Lomati Basin. Therefore, it is not possible to attribute
 

t high rates at C.D.C. directly to irrigation in the northern
 

Lowveld.
 

When the prevalence of S. haematobium for the Ubombo Ranches in
 

the southern Lowveld is compared to the prevalence for C.D.C. Estates 

in the northeast, questions arise which have not yet been answered.
 

Bulinus (Physopsis) africanus was not found in the irrigated
 

areas at Big Bend and the absence of the snail vector resulted in
 

very low prevalence of S. haematobium for both children and adults at
 

Ubombo Ranches. But, while children at the C.D.C. Estates had 127%
 

less S. haematobium than non-irrigated children, the snails were
 

found and the adult workers had rates of S. haematobium almost
 

equalling those of the children. Unfortunatley, there is no data for
 

direct comparison of adult prevalences in non-irrigated areas of the
 

northeast. The presence of the snail Bulinus (Physopsis) in the
 

C.D.C. Estates and absence at Ubombo Ranches is not explained. The
 

higher prevalence in workers at C.D.C. Estates indicated occupational
 

exposure not apparent at Big Bend, a similar sugar operation.
 

Moreover, Biompahalaria ofeifferi was found in both areas in
 

relative abundance and children in both irrigated areas showed 40-60%
 

increases in S. mansoni, as compared to children from nearby
 

non-irrigated areas.
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Though irrigated estates do increase the risk of exposure to
 

schistosomiais by creating suitable snail breeding sites, they also
 

provide the conditions compatible with successful control of the
 

diseases.
 

The worker villages can be provided with piped, centrally
 

treated water brought as close to the home as possible at reasonable
 

expense. An individual outlet in each home would greatly reduce not
 

only schistosomiasis but also other water borne diseases. Improved
 

sanitation facilities in the villages and proper treatment of sewage
 

would eliminate the parasite eggs from the environment. Since
 

schistosomiasis is still primarily a recreational disease, the
 

provision of alternative swimming and paddling pools would keep the
 

children out of infested waters. Gear and Pitchford (1978) reported
 

remarkable reduction in prevalence when children were provided with
 

simple, easily maintained concrete swimming tanks. Other
 

recreational facilities, such as playgrounds and soccer fields, would
 

also provide alternatives to contaiminated streams and canals.
 

Workers on some of the larger estates have access to more
 

modern, readily available medical facilities. These clinics can
 

diagnose and treat all cases of schistosomiasis as the new drug,
 

praziquantel, makes treatment simple, safe and effective.
 

The agricultural practices of the estates, such as the use of
 

overhead sprinklers, underground plastic drains and concrete lined
 

canals, all reduce the possible snail habitats. Focal spraying of
 

molluscicides during the transmission season in probable transmission
 

sites is more feasible since the human population is concentrated in
 

villages.
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Irrigated agriculture plays a major role in the economy of
 

Swaziland and the higher standard of living which results from
 

irrigation, i.e., piped water, sanitation, higher employee wages and
 

health care, offset many of the incurred risks associated with
 

irrigation.
 

E. Transmission Season
 

Temperature is an important variable in the epidemiology of
 

schistosomiasis. Although the temperature range for survival of
 

Bulinus (Physopsis) africanus appears to be wider than that for
 

Biomphalaria pfeifferi, for both there exist narrower ranges of
 

temperature within which the species will thrive. 
Malek (1958)
 

reported that the optimum temperature for snail vectors of
 

schistosomiasis, namely Family Planorbidae, was between 22 to 26
 

degrees C. Shiff and Garnett (1967) showed that the optimum
 

temperature range for Biomphalaria pfeifferi was 20-27 degrees C.
 

Temperatures outside the specific optimum range of a snail species
 

will adversely affect the egg-laying potential, longevity and the 

survival of the entire snail colony (Prinsloo and Van eeden, 1969; 

Brown, 1980). 

Moreover, temperature regulates the distribution of the parasite 

species by affecting the survival and snail penetration capabilities
 

of the miracidia. It governs the prepatent period, i.e., the time
 

required for larval development in the snail. Pitchford (1981)
 

reported that at Nelspruit (Transvaal, RSA) the prepatent period for
 

S. mansoni in the snail host, Biomphalaria pfeifferi, varied from 4-5 

weeks during summer (Mdn 18 degrees - Mdx 25 degrees C). For S. 

haematobium in Bilinus (Physopsis) african:s the prepatent period was 

5-9 weeks during summer and as great as 1.7-25 weeks during winter. 
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It has also been demonstrated that temperature regulates the
 

release of cercariae from the snail. Shiff et al. (1975) reported
 

that shedding of cercariae by both S. haematobium and S. mansoni
 

ceased during the winter (Rhodesia (Zimbabwe] July-August) but that
 

warmer weather in September triggered renewed release of cercariae.
 

A similar seasonal pattern was shown by Pitchford and Visser (1969)
 

in the Transvaal, RSA. Snails exposed to infection during autumn and
 

winter began shedding cercariae simultaneously in the spring.
 

In Swaziland where the weather is generally sub-tropical with
 

mild winters and hot summers (see Appendix G) the temperatures vary
 

according to geophysical zones approximately defined by altitude.
 

During the course of the year long malacological survey, Bulinus
 

africanus, rarely found in the Highveld because of low winter
 

temperatures, was found elsewhere shedding schistosome cercariae from
 

September to April (Table 45). The highest monthly percentage
 

shedding, 21% (seven positive snails in 34 collected), occurred in
 

September, early spring. This high percentage reflects the few
 

surviving snails who begin releasing cercariae when the warmer
 

temperatures of spring arrive.
 

Actual transmission of Schistosoma haematobium is limited in
 

September because of the small number of snails and because water
 

contact is curtailed. Children are normally in school, the daylight
 

hours are still short, and the afternoons cool; thus, recreational
 

swimming, the major water-related activity exposing children to
 

cercariae, is negligible.
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The largest populations of bulinid snails were found shedding in 

February and March, by which time the new generations of snails had
 

been exposed to infection and had completed the prepatent period for
 

the parasite.
 

It follows that the transmission season for Schistosoma
 

haematoibum extends from September through April with particularly
 

high risk of infection in January, February and March.
 

Biomphalaria pfeifferi were found throughout the year in
 

permanent habitats in the Lowveld and infrequently in the
 

Middleveld. In the southern Lowveld, the highest populations were
 

collected in January through April but at no time were more than 64
 

snails per man hour found. The snail species was first found
 

shedding cercariae in January. None were found shedding after April,
 

and at no time were more than three snails found positive during any
 

month. These months, January through April correspond to the summer
 

months when temperatures are generally high, days are longer and
 

school children spend more time swimming in infested water.
 

The transmission season for S. mansoni in the Lowveld is
 

considerably shorter than for S. haematobium in the Middleveld. 
Due
 

to the small snail populations and therefore smaller number of
 

shedding snails, the active transmission is generally less intense.
 

However, the transmission level is high enough to support a
 

prevalence in humans of 17% where only 0.74% of the snails collected
 

were positive for S. mansoni.
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No monthly snail collection data is available for the Lomati
 

Basin in the northwestern Lowveld, but if one assumes that release of
 

cercariae is mainly a function of temperature, the increased
 

prevalence of S. mansoni and S. haematobium in the Lomati Basin must
 

be due primarily to large concentrations of infected snail vectors in
 

areas of high human-water contact, and not to prolonged transmission
 

seasons.
 

F. 	The Role of Sanitation and Water Supply in Transmission of
 
Schistosomiasis
 

1. 	Schistosoma haematobium
 
People who were provided with piped domestic water had
 

consistently lower rates of S. haematobium than those whose
 

domestic water source was a river or stream. This is
 

particularly evident in the Lowveld where 32% of those tested
 

using rivers and streams for domestic water had S. haematobium
 

as opposed to only 18% for those with piped water (Figure 24).
 

When the Lowveld data was analyzed by age group, the
 

difference is more pronounced in younger children. The 5-9 year
 

olds had 123% more if streams and rivers were the source of
 

domestic water (Figure 22). In the children over 15 years old,
 

students with piped water were only marginally lower than
 

those without. The provision of piped water should reduce
 

people's exposure to cercarie infested waters. Very young
 

children are often exposed to cercariae infested waters when
 

they play 	in just inches of water while the mother does the
 

family laundry nearby. Piped water allows the mother to do her
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washing away from the snail habitat, thereby protecting the toddler 

from infection. The teenage children have greater freedom to enter 

infested waters unsupervised and for longer periods of time, thereby 

reducing the effectiveness of piped water in prevention of 

transmission. 

Improved sanitation also had a benefical effect on the 

prevention of S. haematobium (Figure 23). In both the Middle and 

Lowvelds where S. haematobium is prevalent, those individuals with 

pit latrines/toilets at their homesteads had less urinary 

schistosomiasis: the Middleveld had 23% less and the Lowveld, 37% 

less. The cause of this reduction is unclear. It is doubtful that 

the latrines were used routinely for urination. Children, while 

swimming, will urinate in the water regardless of sanitary facilities 

at the homestead. There may be other factors involved which relate 

to both prevalence and toilet facilities. 

When the water supply and sanitary facilities are taken together 

(Figure 24), those individuals in the school survey with no latrine 

who use the river or stream as a source of domestic water had the 

highest rates of urninary schistosomiasis (30%) while those children, 

who had both piped water and pit latrines, had the lowest prevalence 

(17%). 

In the Lomati. Basin :urcey, the 30 individuals with piped water 

and pit latrines had only marginally lower prevalence of S.
 

haematobium and the in -luence of combined facilities on prevalence
 

was less than each parameter taken separately (Figure 24). The
 

sample of those who had access to piped water in the Lomati Basin was
 

quite small (38/735) for an area with such intense transmission.
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2. Schistosome mansuni
 

Intestinal schistosomiasis is confined predominantly to the
 

Lowveld in Swaziland. The disease is contracted in the same manner 

as for urinary schistosomiasis, ..e, by cercaria penetration of the
 

skin. However, the beneficial effects of piped water are less 

evident for S. Lansoni (Figure 25). Those with piped water had about
 

10% lower prevalence of S. mansoni than those who collected their
 

domestic water from rivers and streams. The beneficial effect was
 

greatest for the 5-9 age group which had -6% less S. mansoni. The
 

10-14 year old group showed no reduction in S. mansoni because of
 

piped water (Figure 22). It must be noted that the few people in the
 

Lomati River Basin with piped water had 6% more S. mansoni than those
 

who went to the streams. However, the protection afforded by piped
 

water is greatest in the youncr children, and the different age 

structure of the Lomati Survey may be responsible for this higher 

prevalence.
 

In thtj Lowveld, school children with pit latrines at home had 

10% more intestinal sc iLstosomiasis than those children with no
 

latrines (Figure 26). In contrast, the individuals in the Lomati
 

Basin who had pit latrines had about 5% less S. mansoni. These
 

conflicting results may possibly be due to threshhold levels
 

necessary to obtain the beneficial effects of sanitation. In the
 

Lowveld, school children, only 32% had pit latrines while 57% of the
 

Lvmati Basin surveyed had latrines.
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The eggs of S. mansoni are found in feces and the widespread use
 

of pit latrines would prevent these eggs from reaching the water and
 

infecting the snails. However, if snails are infested by even a
 

small number of individuals not using latrines, the multiplication
 

factor in the snail host is such that large numbers of children will
 

continue to be exposed to cercariae. The exact threshhold level of
 

pit latrines is not determined.
 

The combined effect of water and sanitation on prevalence of S. 

mansoni is shown in Figure 27. In the Lomati Basin the group with 

the highest prevalence rate used the river/streams for water and had 

no latrines in the homestead. In the school survey, however, the 

group with piped water and pit latrines had the highest prevalence of
 

S. mansoni. The reasons for this phenomenon are unclear, though pit
 

latrines and piped water associated with irrigated agricultural
 

estates where the snail habitats are also increased may skew the
 

data, since exposure continues to be a recreational hazard.
 

- 126 - ,
 



80 

72 
7O -	 68
 

70 	 6 

-'60 Li 
3O 

30

20 	 19,3 17.4 

3 1.4 	 ! 

RIVER PIPED 	 RIVER PIPED RIVER PIPED
& & & a 	 & & 
STREAM WATER 	 STREAM WATER STREAM WATER
 

MIDDLEVELD 	 LOAAJELD LOMATI BASIN 

Figure 25. 	 Effects of water supply of prevalence of Schistosoma mansoni in School Survey and
 
Lomati Basin Survey 1982-1983
 



70.3 

7070 
67.0 

60 

@30
 

20 	 17.9 19.8F. 


10 

3.5 1.4I 1.LI 

No PIT No PIT No PIT 
LATRINES LATRINES LATRINES LATRINES LATRINES LATRINES 

MIDDLEVELD L'VELD" LOmTi BASIN 

NLBER ExAMINED (258) (222) (630) (298) (387) (506) 

Figure 26. 	 Effect of sanitation on Schistosoma mansoni in Middle and Lowveld of School Survey and
 
Lomati Basin Survey 1982-1983
 

lighveld omitted because cases are imported
 



62.6
 
-- WE SCHOOL SURVEY AND TIHE LOMATI SURVEY"
 

600 
50 

50

10 	 SCHOOL
 
SURVEY
 

U LDAT I
 
SURVEY
 

31 
~30
 

'.20 

15,8
 

12.
 

10 	 8.,
 

4.6
 

RIVER/STREA4 RIVER/STREAM PIPED WATER PIPED WATER
 
AND AND AND AND
 

NO LATRINE PIT LATRINE NO LATRINE PIT LATRINE
 

NUIBER EXAMINED (912)(297) (258)(402) 	 (159)(8) (329) (30)
 

Figure 27. 	 Effect of water and sanitation on prevalence of Schistosoma mansoni in the Bchool Survey 
and the Lomati Basin Survey 



VI. CONCLUSIONS AND RECOMMENDATIONS FOR SCHISTOSOMIAIS IN SWAZILAND 

While it would be ideal to have a comprehensive, integrated
 

program of Schistosomiasis control involving measures such as 

provision of protected domestic water, toilets, footbridges,
 

alternative recreation facilities, snail control, health education,
 

and screening and treatment of all positive cases of schistosomiasis,
 

the conditions and resources in Swaziland preclude this approach.
 

Emphasis must be placed on optimized use of limited manpower and
 

budget. 
 It must be recognized that complete eradication of
 

schistosomiasis is not yet an obtainable goal in Swaziland.
 

The primary aim of the Ministry of Health in schistosomiasis
 

control is to prevent the morbidity associated witlh later stages of
 

the diseases. This morbidity is due to the accumulation of eggs in
 

various organs and tissues of the body, and is directly related to
 

the intensity of infection. It is not possible to determine the
 

exact extent of infirmity caused by schistosomiasis in Swaziland,
 

because th( disorders and complaints are rarely presented to
 

qualified medical practicioners. Even if presented, it is unlikely
 

that the painstakingly thorough examination required for implicating 

schistosomes would be possible. Appendix F presents those cases
 

reported by the histological section of the Central Public Healt.h 

Laboratory during the first nine months of 1983. is theThis only 

histological laboratory in t.he country and the data are meant to
 

illustrate the range of possible sequelae to schistosome infection.
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ihile recognizing the importance of other methods, emphasis of 

control 	measures in Swaziland must be placed on screening, treatment 

and health education of high risk groups. 

A. 	 Screening and Treatment 

Chemotherapy, i.e., patient drug treatment, is the most 

effective single method for control of schistosomiasis. It is
 

the only method which directly relieves those already suffering 

from the disease, while at the same time preventing eggs from 

contaminating the environment. 

There have been substantial advances in recent years in the
 

development of safe, effective antischistosomal drugs suitable
 

for use in mass treatment. These include metrifonate (Bilarcil)
 

for Schistosoma haematobium and praziquantil (Biltricide) which
 

has just replaced niridazole (Ambilhar) as th.- World Health 

Organization recommended drug for all major human species, 

including S. mansoni (W.H.O., 1983). These two drugs are far 

less toxic to man than their predecessors and can be safely 

administered by non-physicians. 

Metrifonate has been used by the Bilharzia Control Unit for
 

the treatment of S. haematobium for several years. The dosage
 

is 7.5 mg/kg body weight, three times at two week intervals.
 

When used for treatment of identified cases in school children,
 

the initial dose is given by the Unit's team and the two
 

subsequent doses are given by the class teacher. The teacher is
 

given written instructions with the name of the child, exact
 

number of tablets to be given and the specific dates they are to
 

be given.
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A follow-up visit tu the Holy Ghost Primary School showed
 

an 85% cure-rate and significant reduction in egg counts in all
 

cases which still had eggs in the urine. At the Manzini
 

Laboratory of the Bilharzia Control Unit, the walk-in patients 

are given second and third doses to be taken at home and asked 

to return in 6 weeks for re-examination. The cure-rate among
 

those who returned in 1983 was 76%. Most remaining positives
 

had greatly reduced egg output.
 

Praziquantel has only recently been available to the BCU
 

and no follow-up studies have been conducted. Only one dose is
 

required, but the cost is almost six times greater per treatment
 

than for metrifonate, so it is recommended predominantly for 

treatment of S. marsoni (See Table 54).
 

Table 53 showed that an estimated 50,000 children in
 

Swaziland are infected with S. haematobium and about 12,000 have
 

S. mansoni. The great majority of these children will carry the 

parasite with no apparent symptoms. However, since the disease 

is caused by the long-term accumulation of eggs in the organs of 

the body, chemotherapy will prevent further egg deposition. 

Those children passing large numbers of eggs are the group at 

greatest risk and should be given priority for treatment. The 

current emphasis of the Bilharzia Control Unit on screening and
 

treatment of school aged children is appropriate and should be 

continued. Mass screening and treatment is the most cost
 

effective schistosomiasis control measure.
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However, due to the fact that older teenagers and adults in
 

the Lowveld have been found to have high prevalences of S.
 

mansoni, the emphasis of screening and treatment should be
 

expanded to include secondary schools of the Lowveld.
 

All of the secondary schools in the Lowveld should be
 

visited in 1984. Each student should be screened for S. mansoni
 

and S. haematobium and positive cases treated. Follow-up
 

surveys the following year would provide data necessary for
 

determining incidence rates and optimum intervals between
 

revisiting. Ideally, where prevalence is high it would be
 

advantageous to visit each Lowveld secondary school every year
 

and treat positive cases before they disperse into the
 

unreachable adult population.
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TABLE 53 

Estimated 4umher of School Children In Swaziland Infected with Schistosomiasis 
(see Appendix J for Key) 

Population Z of 
Total 

Population 
Estimate of School 

School Survey 
Prevalence of 

Estimate of 
School Children 

School Survey 
Prevalence of 

Estimate School 
Children Positive 

Population Age Children S. haematobium Positive for 
S. lidematobhium 

S. mansoni for S. mansoni 

Iligliveld 154,394 31.2% 5-9 
10-14 

26,861 
23,054 

3% 
6% 

806 
1,383 

? 
? 

15-19 18,507 5% 925 7 

Total 68,422 3,114 .88 602 

Miiddleveld 199,697 40.4% 5-9 
10-14 

34,782 
29,852 

27% 
40% 

9,391 
11,940 

2% 
3 

696 
896 

15-19 23,964 46% 11,023 Approx 3% 719 

Total 88,598 32,354 2,311 

Louwveld 118,912 24.0% 5-9 
10-14 

20,662 
17,734 

22% 
31% 

4,546 
5,497 

14% 
22% 

2,893 
3,901 

15-19 14,236 23% 3,274 17% 2,420 

Total 52,632 13,317 9,214 

l.ubomho 21,531 4.3% 5-9 3,702 8% 296 

10-14 3,177 12Z 381 

15-19 2,550 Approx 10% 255 

Total 9,429 932 1% 94 

Swazi land Total 49,717 12,221 



TABLE 54
 

Schistosomiasis: Cost Treatment - July, 1983
 

Generic Drug Effective Cost per Number of Total Cost 
(Brand Name) Against 1,000 Tablets Dosages of Treatment 

for 25 kg Child 

Metrifonate S. haematobium E39.99 3 E .36 
(Bilarcil) (100 mg) 

Praziquantel S. haematobium E1,700.00 1 E2.98 
(Biltricide) S. mansoni (600 mg) 

S. mattheei 

Niridazole+ S. haematobium E181.50 7 E .79 
(Ambilhar) S. mansoni (100 mg) 

S. mattheei 

+ Niridazole no longer used by Ministry of Health because of carcinogenic and
 
mutagenic potential.
 

-+ Cure-rate for metrifonate determined by re-examination of people treated at
 
Bilharzia Laboratory is 76%. From September 1, 1982 to August 29, 1983, 413 people
 
were re-examined after treatment 
for S. haematobium with metrifonate: 100 remained
 
positive, but with much lower ego counts.
 

TABLE 55
 

Estimated Cost of Mass Drug Treatment in the Northern Lowveld
 

Schistosome Prevalence No. of Students+ Average Cost Total Cost
 
to be Treated of Treatment of Treatment
 

S. mansoni 31% 2,790 E3.00 E8,370 
S. haematobium 58 5,220 EO.50 E2,610 

Total E10,980 

30+ schools x average 300 students/school = 9,000 students screened.
 

- 135 



In the primary school screening, the Lomati Basin was found to
 

be a very high prevalence area, and in 1984 all the schools in the
 

northern Lowveld should be screened. All students should have urine
 

examinations, which will be done by petri dish technique. 
 Only 25%
 

of the students should have stool examinations, but if the prevalence
 

of S. mansoni is found to be more than 30%, the team should return
 

and examine the rest of the school. This selectivity is necessary
 

due to the difficulty of stool examinations and time limitations.
 

All cases of S. haematobium should be treated with metrifonate,
 

and all cases of S. mansoni, S. mattheei and mixed infections should
 

be treated with praziquantel. Cases with nigh egg counts, i.e., more
 

that 50 eggs per gram stool, should be given highest priority in the
 

case of drug limitations. 

The cost of the 1984 mass drug treatment of the northern Lowveld
 

is estimated to be Ell,000 for drugs alone. 
 The Bilharzia Control
 

Unit can screen up to 30 schools per years (see Table 55). In the
 

school survey 56% of positive cases of S. mansoni in all age groups
 

were shedding 10 or less eggs p.g.s. of S. mansoni. If only those
 

students shedding more than 10 eggs were treated, the cost of
 

praziquantel could be reduced to E3,800. Treatment policy must be
 

based on the availability of drugs.
 

The effectiveness of the mass drug treatment should be
 

determined by selective school follc-4.-up visits in 1985. All data
 

from the screening program should be computerized and programmed so
 

that individual students can be followed over time.
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B. The Role of Primary Health Care Units in Schistosomiasis Control
 

For 30 years, the Kingdom of Swaziland has expended considerable
 

resources in the control of schistosomiasis, yet the disease is still
 

a major health problem. Factors of climate and underdeveloped rural
 

water resources contribute to the issue of control of the diseases.
 

However, improvements can be made in the number of cases diagnosed
 

and treated.
 

To date, there has been little integration of schistosomiasis
 

control into the primary health care system. Clinics are reporting
 

cases of schistosomiasis without indication of how the diagnosis was
 

made. Since few clinics have microscropes, it is assumed that the
 

bulk of these cases are detected by clinical symptoms. In cases of
 

frank haematuria, where urine ranges in color from a reddish tinge to
 

wine red, the diagnosis is likely to be correct in the high risk
 

group (15-19 years). However, other signs and symptoms, such as
 

malaise, hepatic pain and epigastric distress are not very reliable
 

indicators.
 

In several recent studies in Africa (Briggs, 1971; Wilkins,
 

1979; Feldmeier, 1982; and Motts, 1983) significant correlations has
 

been shown between haematuria (blood in urine) and proteinuria
 

(protein in urine) and the intensity of schistosomiais infection as
 

measured by egg secretions in urine. The use of chemical reagent
 

strips to detect haematuria and proteinuria has been shown to be a
 

reliable method of detecting S. haematobium. Motts (1983) indicated
 

that "...the sensitivity and specificity of the haematuria reading
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alone may be sufficient for field conditions where low cost technique
 

and reproducibility of performance of the test by primary health care
 

workers will be necessary." His data showed that increasing grades
 

of proteinuria and haematuria correlated positively and directly with
 

increasing egg counts.
 

The primary health care clinics in rural Middleveld and Lowveld,
 

where S. haematobium is prevalent, could and should use these reagent
 

strips for routine examination of urines of all school-aged children,
 

especially teenages, who visit the clinics. The routine screening
 

will identify those cases of S. haematobium where individuals are
 

excreting large numbers of eggs, and, therefore, are at greater risk
 

of developing genitourinary disease. Ideally, screening would
 

include all children, 5-19, who visit the clinics, even if they have
 

merely accompanied another family member.
 

The presence of even traces of haematuria would constitute a
 

positive case and warrant treatment with metrifonate (Bilarcil).
 

Unfortunately, there is no easy way of checking for S. mansoni,
 

however concurrent S. mansoni infection does not interfere with the
 

reagent strip for diagnosis of S. haematobium (Cline, 1983).
 

The cost of the reagent strip can be as low as 3 cents per test
 

(see Appendix G). 

In the past there have been some misunderstandings and problems
 

associated with the distribution of antischistosomal drugs in
 

Swaziland. It is the expressed view of Central Medical Stores that
 

the Bilharzia Control Unit has been charged with the dispersal of all
 

- 138 



government supplied antischistosomal drugs. This may have resulted
 

from procedures dating back to times when treatments, such as
 

intervenous hycanthone, were very toxic.
 

Today metrifonate and praziquantel should be available to
 

clinics and hospitals, using established drug procurement procedures,
 

from Central Medical Stores. The Bilharzia Control Unit should not
 

be involved in drug distribution to clinics, even when the drugs are
 

antischistosomal in nature.
 

Of course, as with any drug, procedures for the control of
 

metrifonate and praziquantel should be established and followed;
 

clinic personnel who are designated to dispense treatment should be
 

educated concerning their use.
 

In the case of praziquantel, the newest and simplest treatment
 

for all three prevalent schistosomal infections, there may be some
 

economic factors precluding its use in place of metrifonate
 

(Bilarcil) for urinary schistosomiasis. Metrifonate costs about six
 

times less than praziquantel pet treatment. Clinic drug budgets
 

would influence what treatment is used.
 

The most important element in the recommended schistosomiasis
 

control program is the widespread screening and treatment of the high
 

risk populations. At present the Bilharzia Control Unit is limited
 

in-the number of people it can reach each year. However, by
 

drastically reducing the number of infected individuals in an area,
 

fewer schistosome eggs will be passed into the environment, thereby
 

breaking the life cycle of the schistosome. This should
 

significantly reduce the intensity of infection in Swaziland.
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Screening and treatment programs, using the chemical reagent
 

test strips for haematuria and proteinuria, introduced to the rural
 

primary health care clinics and to the private clinics of irrigated
 

agricultural estates, will significantly reduce the number of
 

infected people in Swaziland and therefore control and reduce the
 

transmission of schistosomiasis in Swaziland.
 

C. Health Education
 

Health education about schistosomiasis must be a ministry-wide
 

responsibility and based on a clear understanding of the life-cycle
 

and the transmission mechanism of the parasite. Since the shortage
 

of adequately qualified personnel and increasing costs are major
 

limitations in any foreseeable schistosomiasis control program,
 

emphasis must be placed on inculcating a preventive attitude in all
 

health providers, teachers and community leaders.
 

The Rural Health Motivators found in many, but not all, sections
 

of rural Swaziland constitute an excellent cadre for person-to-person
 

contact with rural Swazis. In a society such as Swaziland, where the
 

oral tradition makes the spoken work much more powerful than the
 

written message, such personal contact is more likely to persuade and
 

influence people to change behavior.
 

The general public already has some understanding of
 

"Bilharzia." In a recent Survey of the Knowledge, Attitudes and
 

Practices of Rural Swazis (Green, 1982), 61% of the respondents
 

showed some understanding of schistosomal transmission. This
 

understanding, however, is often rudimentary and open to questionable
 

interpretation.
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Since children are at high risk of infection, the focus of
 

health education messages should be directed toward primary school
 

children and their teachers. The message should, whenever possible,
 

promote positive rather than negative action. For instance, children
 

should be encouraged to deliberately urinate away from surface water,
 

instead of trying to keep them out of the water completely. 

The general public should know the signs and symptoms of 

schistosomiasis and that treatment is available free of charge at the 

local clinics. The general information could be carried by the Rural 

Health Motivators and by radio broadcasts to the homesteads.
 

Provision of safe water supplies and sanitation facilities will
 

have an impact on schistosomiasis transmission only after the
 

population understands the linkage between sanitation and disease.
 

Even with understanding, the expense of providing safe water in the
 

western sense may not be possible. The cost of fuel and time to boil
 

water may be beyond the means of rural Swaziland. Therefore, the use
 

of household bleach as a disinfectant is being promoted through
 

health education by the Ministry of Health. Supporting the concept
 

that toilets, protected from flies and away from water sources, will
 

reduce the risk of a wide spectrum of water-related diseases, and
 

subsequent behavioral change of the rural population should be given
 

highest priority by the Ministry of Health.
 

Some specific measures which can be undertaken by the Bilharzia
 

Control Unit with the assistance of the newly formed Health Education
 

Unit include:
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1. Development of a package of material directed to the primary
 

schools, which can be used during the Bilharzia Control Unit
 

team's visits to the schools and then left behind with the
 

teachers for their use. A visit of the Bilharzia team to a
 

school tends to be hectic, with each student asked to provide
 

urine samples and 25% or more asked to provide stool samples.
 

The pace of these activities is not ideal for health education
 

and the team members capable of doing the health education are
 

extremely busy. A tape recorded message aimed at the school
 

children could be played in the classrooms on the day of the
 

visit. The tape and visuals from the developed package could be
 

used by even the most junior member of the Bilharzia team or by
 

the teachers themselves.
 

2. 	 All the forms currently used by the Unit, which are handed out
 

to the public, have a blank side. The reverse side of these
 

forms could be printed with basic information about
 

schistosomiasis and how to prevent it.
 

3. 	 The annual Manzini Trade Fair provides a unique opportunity for
 

the Ministry of Health to reach thousands of rural Swazis in
 

person. The Bilharzia Control Unit along with the other health
 

units should prepare exhibitions capable of competing actively
 

with the professionally prepared commercial exhibits.
 

4. 	 The Unit should actively participate in the training of Rural
 

Health Motivators. Education materials should be available for
 

their use. Other medical personnel at private clinics could
 

also be trained.
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5. Educational materials should be available for use by the
 

Health Institute to train nurses and health inspectors in
 

the detection, treatment and prevention of schistosomiasis.
 

D. Snail Control by Molluscicides
 

The scattered nature of Swazi homesteads results in widely
 

dispersed water contact points and, therefore, widely scattered
 

transmission sites, making snail control an impracticable method of
 

schistosomiasis control. Mollusciciding, the chemical control of
 

snails, is most effective in areas where: 1) transmission sites are
 

limited; 
2) there is a low ratio of water contact points to number of
 

people at risk; and 3) the transmission sites are clearly identified
 

and easily accessible. 
 The widespread use of motluscicides for
 

schistosomiasis control is not recommended for Swaziland where
 

conditions are generally suitable only in the large, irrigated
 

estates of the Lowreld. In the Middleveld the snails are found in a
 

great variety of surface water habitats, including numerous small
 

springfed streams, where the repeated treatment necessary for
 

effective snail control is not feasible.
 

In the Lowveld, where surface water is 
limited, carefully
 

planned focal spraying may be cost effective. The high price of
 

niclosamide (Bayluside by Bayer A.G. of Germany sold here for E19.50
 

per kg in 1979) and the need for repeated treatment, necessitate that
 

local schistosomiasis prevalence be more than 50% and that the
 

transmission sites are carefully delineated before treatment with
 

molluscicides.
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For future mollusciciding, the Bilharzia Control Unit should
 

follow proper procedures to determine its usefulness. First, the
 

screening programs should show prevalence high than 50% for either
 

schistosome. The transmission sites should then be identified by
 

snail survey for presence of vector snails and by high water-people
 

contact. Thirdly, the population density of the area must be high.
 

Only, then, should controlled molluscLciding he used during the
 

transmission season.
 

A natural molluscicide, Phytolacca dodecandra (Enod) is
 

presently being studied at the University of Swaziland, and the
 

Bilharzia Control Unit should actively encourage such research
 

activities to develop new and, perhaps, more feasible methods of
 

natural snail control.
 

E. Engineering Control of Snails
 

Engineering control measures which alter the physical
 

environment to make it less favorable to snails provide long-term
 

benefit, but are expensive and suitable only where population density
 

and risk of infection are very high. In Swaziland, this is usually
 

found only in the irrigated portions of the Lowveld and the
 

peri-urban areas of Manzini and Matsapha.
 

Fortunately, many of the measures utilized by the irrigation
 

engineer to improve agricultural production (control of water seepage
 

and provision for proper drainage) are also those measures necessary
 

for snail control. Canal linings, while expensive, are recommended
 

by the engineer to prevent erosion and reduce maintenance costs,
 

weeds and water seepage. These measures in turn help eliminate snail
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habitats. For instance, concrete linings of canals can deny the
 

snail suitable shelter by increasing the velocity of the water to a
 

rate where they can no longer remain attached to the canal walls.
 

The clearance of weeds eliminates shelter, food and suitable
 

egg-laying surfaces for successful colonization.
 

Sometimes, simple measures undertaken in the early planning
 

stages of water development projects may have profound impact on
 

transmission of schistosomiasis. Guidelines suitable for Swaziland
 

are currently being formulated by the Rural Water Borne Disease
 

Control Project and the Ministry of Health. In the future, it is
 

hoped that the Bilharzia Control Unit will expand its role in
 

evaluating impacts of water development project such as the SEB
 

Hydro-electric Dam, the UNICEF Water and Sanitation Project and any
 

new irrigation projects which are proposed.
 

F. Irrigated Estates
 

As mentioned above, conditions for increased prevalence of S.
 

mansoni are present at most Lowveld irrigation projects. The
 

irrigated estates should be encouraged to take an active role in the
 

contol of schistosomiasis.
 

Le estates should be sure that their clinics have technicians
 

trained to identify schistosome eggs. Employees and their familes
 

should be screened regularly and all positive cases should be
 

treated. Since the estates provide housing for their workers, they
 

should make sure that they provide safe drinking water and sanitary
 

facilities in good repair for the workers and families. Where they
 

find high prevalence of schistosomiasis, they should try to identify
 

water contact points where transmission takes place and use focal
 

spray-ing of molluscicides.
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Appendix A 

National Survey of Schistosomiasis
 
School Survey Form 

COLUMN CODE 

School Class _ 1- 3 

Student's Name 4 - 6 

Age 7 - 8 

Sex Male(l) Female (2) 9 

Stool Exam: Negative (0) Positive (1) 10 

Number of eggs of: 

Schistosoma mansoni 11 - 13 

Ascaris 14 - 16 

Taenia (Tapeworm) 17 - 19 

Trichuris 20 - 22 

Hymenolepsis Nana 23 - 25
 

Hookworm 26- 28
 

Entamoeba histolytical 29- 31
 

Other:
 

Urine Exam: Negative (0) Positive (1) 32
 

Schistosoma haematobium 33 - 35
 

Schistosoma mattheei 36 - 38
 

Treatment given: No (0) Bilarcil (1)
 

Ambilhar (2) Other (3) 
 39
 

40
Home Water Supply: 


(1) Protected Water (6) Rain Water
 
(2) Unprotected Water (7) Piped Water
 
(3) Borehole (8) Other
 
(4) River or Stream (9) Unknown
 
(5) Dam
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Type of Toilet at Home: 41 

(0) None (3) Other
 
(1) Pit Latrine (9) tkiknown 
(2) Flush Toilet 

Ecological Zone: Highveld (i) Middle (2) Low (3) 42
 

43: 44:
 
1. Strongyloides I. Entamoeba coli 
2. Trichostronqylus 2. lodamoeba bitschlii 
3. Enterobius vermicularia 3. Giardia Lamblia 43 - 44 
4. Fasciola 4. Endolimax nana
 
5. Schisto haematobium 5. Chilomastix 
6. Schisto matheei 6. Dientamoeba fragitis 
7. Hvmenolepsis dimunta 7. Entemoeba Hardmani 

8. Balantidium Coli 45 - 46
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Appendix B 

Primary Education in Kingdom of Swaziland 

TABLE 1 

Primary School Enrollment by Sex of Pupil and Type of School 
March 1981
 

Type of Sc ,ol No. of Schools Boys Girls Total 

Government 62 	 12,355
12,102 24,456 
Aided 373 47,300 46,464 93,764 
Private 35 845848 	 1,693
 

Total 
 470 	 60,249 59,664 119,913
 

TABLE 2
 

Rapid Growth of Education During the Decade 1970-1980 

Number of Schools 	 Enrollment 
Primary Secondary Primary Jr. Secondary Sr. Secondary
 

1970 351 38 69,055 7,212 815
 
. 80 450 86 112,019 18,561 4,637 
.fncrease 99 48 42,964 11,349 3,822 
% Increase 28% 126% 62% 157% 468%
 

From: 	 The status and development of Education in the Kingdom of Swaziland,
 
Department of Economic Planning and Statistics, November, 1981.
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Appendix B (Cont'd)

TABLE 3
 

Total Population, Primary School Enrollment and
 
Percentage of School Enrollment by Age
 

Population School Enrollment % of Children
Age Mid-1981 1981 Enrolled 

Age 6 17,748 9,672 
 54.5%
 

Age 7 17,286 13,878 
 80.3%
 

Age 8 16,796 
 14,898 
 88.6%
 

Age 9 16,289 1.3,682 
 83.9%
 

Age 10 15,780 
 14,652 
 92.0%
 

Age 11 15,276 
 14,102 
 92.3%
 

Age 12 14,774 13,136 
 88.9%
 

Age 13 14,276 8,829+ 
 61.8%
 

+ 1,984 children in this age group are enrolled in secondary schools,
 
therefore 75.7% of this age group attend school.
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Appendix C
 

Resident African Population Aged 0-24 Estimates in Swaziland
 
Mid 1981 Estimate* 

Age Male Female Total 

0 13,624 13,417 27,041 
1 12,163 12,126 24,289 
2 11,413 11,450 22,863 
3 10,794 10,882 21,676 
4 10,313 10,426 20,739 

0-4 5E),307 58,301 116,608
 

5 8,933 9,041 17,974 
6 8,814 8,934 17,748 
7 8,579 8,707 17,206 
8 8,331 8,465 16,796 
9 8,075 8,214 16,289 

5-9 42,732 43,361 86,093
 

10 7,818 7,962 15,780

11 7,564 7,712 15,276 
12 7,311 7,463 14,776 
13 7,060 7,216 14,276 
14 6,811 6,973 13,784 

10-14 36,564 37,326 73,892
 

15 6,565 6,733 13,298
 
16-17 11,766 12,767 24,533
 
18-19 9,626 11,860 21,486
 

15-19 27,957 31,360 59,317
 

20-21 8,061 11,194 19,255
 
22-24 10,625 14,800 25,425
 

20-24 18,686 25,994 44,680
 

GRAND TOTAL 184,246 196,342 380,588
 

* Educational Statistic 1981, Central Statistic Office Mbabane, Swaziland. 
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Appendix D
 
Average Raninfall by Month for Certain Reporting Points in Swaziland*
 

MBABANE
 
Altitude 1145 Meters 

Records for 78 Years from 1903-1980
 

Average by Month/Wet Days Per Month
 

Oct. 127 mm/14 May 
 34 mm/5
Nov. 179 mm/17 June 18 mm/3
Dec. 213 mm/17 July 
 22 mm/3
Jan. 252 mm/17 Aug. 29 mm/5 
Feb. 212 mm/15 Sept. 64 mm/8
Mar. 171 am/14 Avg. 1400 mm/128
 
Apr. 79 mm/10
 

The rainfall figures for Mbabane display a consistency that should be
helpful for planning purposes. Tn 78 years of records, only twice has the
rainfall for the year been below 1000 am, four times 
(5%) below 1100 mm and
63% of the time rainfall has been at least 1280 mm (90% of normal). Almost
 every year has seen a 24 hour rainfall of between 2 to 8 inches (500 to 2000
mm). 
 In 20 years out of 77, the 24 hour rainfall has exceeded 100 mm. 

MANZINI
 
Altitude 610 Meters
 

Records for 73 Years 1897-1978 (Missing Years)
 

Average by Month/Wet Days Per Month
 

Oct. 80.5 rm/10 May 25.7 mm/4 
Nov. 120.7 mm/12 
 June 14.4 mm/2
Dec. 136.2 mm/12 
 July 13.8 mm/2

Jan. 163.6 mm/12 
 Aug. 18.7 mm/2
 
Feb. 135.1 mm/Il 
 Sept. 42.9 ram/5
Mar. 106.7 mm/10 Avg. 916.5 mm/87 
Apr. 58.1 mm/6 

In Manzini 84% of the years' rainfall exceeded 100 mm. The lowest annual
rainfall was 530 mm in 1926-27 and it has been below 600 mm only four times or
 
about 5% of the time.
 

Each year in Manzini at least one 24 hour has experienced a rainfall of 45
 mm or greater. In 1909, the rainfall for one 24 hour period was 246.2 mm. 
In
59% of the years rainfall, 70 mm or more fell in some 24 hour periods and in
17 out of 73 years the 24 hours figure was 100 mm or more.
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Appendix D (Cont'd)
 

BIG BEND (WISSELRODE)
 
Altitude 155 Meters
 

Record for 56 Years 1922-1980
 

Average Month/Wet Days Per Month
 

Oct. 48.7 mm/7 May 21.4 mm/3 
Nov. 77.5 mm/8 June 12.3 mm/2 
Dec. 86.4 mm/7 July 10.2 mm/2 
Jan. 93.9 mn/8 Aug. 10.2 mm/2 
Feb. 74.5 mm/7 Sept. 29.6 mm/4 
Mar. 60.9 mm/7 Avg. 563.5 mn/62 
Apr. 37.9 mrm/5 

Only 14% of the time has the rainfall been recorded as below 400 mm with
 
1926-27 recording only 316.2 mm. Sixty-onr percent of the time rainfall has
 
been 500 mm or more for the year and 84% of the time it has exceeded 400 mm. 

The showery nature of the precipitation is shown by the fact that every 
month of the year has had a shower producing 45.7 mm or more. In 2 out of 3 
years there has been at least one 24 hour total in excess of 500 mm. 

SITEK
 
Altitude 653 Meters
 

Records for 77 Years 1899-1978
 

Average Month/Wet Days Per Month
 

Oc't. 74.3 mm/8 May 28.5 mm/4 
Nov. 98.5 mm/9 June 16.6 mm/3 
Dec. 119.9 mm/10 July 15.9 mm/3 
Jan. 136.8 mm/10 Aug. 20.2 mmr/2 
Feb. 129.3 mm/9 Sept. 40.7 mm/5 
Mar. 108.8 mm/9 Avg. 846.3 mm/78 
Apr. 56.8 mm/6 

Siteki at a sligntly higher elevation than Manzini has about 70 mm less
 
rainfall per year. The spring and summer months under the trade winds give
 
slightly higher rainfall, but in late fall and winter Siteki has the higher
 
average. Sixty-percent of the year Siteki gets at least 90% of the average 
rainfall or more. Every month of the year has had a 65 mm or greater rainfall 
in a 24 hour period. 

* 	 Compiled by L. Mondolid, Water Resources Branch of the Ministry of Works, 
Power and Communication. 
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Appendix E 

Average maximum and minimum temperatures for four Swaziland weather
 
reporting stations representative of the four geophysical areas:
 

Highvold
 

ORRIN 
Altitude 1200 Meters
 

Records for 17 Years 1931-47 
(Near Mbabane) 

Average Maximum Aver ige Minimum 

Jan. 24.5 14.2 
Feb. 24.2 13.9 
Mar. 23.4 13.0 
Apr. 22.5 10.8 
May 20.7 7.8 
June 19.2 5.3 
July 18.8 4.7 
Aug. 20.8 6.3 
Sept. 22.6 8.5 
Oct. 23.3 11.6 
Nov. 23.9 12.6 
Dec. 24.6 12.8 
Avg. 22.4 10.2 

Middleveld
 

MATSAPHA 
Altitude 642 Meters
 

Records for 13 Years thru 1980 
Maximum Temperature Recorded 40.5 in 1968
 

Minimum Temperature Recorded in 1975
 

Average Maximum Average Minimum
 

Jan. 28.4 

Feb. 28.1 

Mar. 27.0 

Apr. 25.4 
May 24.3 
June 22.0 
July 22.6 
Aug. 24.3 
Sept. 25.5 
Oct. 25.9 
Nov. 26.5 
Dec. 28.0 

Avg. 25.6 

18.5 
18.2 
17.5 
14.7
 
11.6
 
8.3
 
8.7
 
9.7 

13.1
 
14.6 
16.1 
17.5
 
14.0 
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Appendix E (Cont'd)
 
Lowveld
 

BIG BEND
 
Altitude 105 Meters 

Records for 26 Years thru 1980
 
Maximum Tempe'ature Recorded 41.4 in 1931 
Minimum Temperature Recorded 2.4 in 1953 

Average Maximum Average Minimum 

Jan. 32.1 20.6 
Feb. 31.7 20.4 
Mar. 31.0 19.1 
Apr. 29.1 15.8 
May 26.7 11.0 
June 24.8 6.3 
July 25.4 6.5 
Aug. 26.8 9.8 
Sept. 28.7 13.6 
Oct. 29.2 16.6 
Nov. 29.5 18.5 
Dec. 31.4 19.8 
Avg. 28.9 14.8 

Lubombo
 

SITEKI
 
Altitude 653 Meters
 

Records for 31 Years thru 1976
 
Ma:ximum Temperature Recorded 41.4 in 1931
 
Minimum Temperature Recorded 2.4 in 1953
 

Average Maximum Average Minimum
 

Jan. 27.5 17.7 
Feb. 27.3 17.1
 
Mar. 27.9 16.9
 
Apr. 25.0 15.0
 
May 23.4 12.8 
June .i.3 10.4 
July 21.2 10.1 
Aug. 23.1 11.5 
Sept. 24.1 12.3
 
Oct. 25.3 13.8 
Nov. 25.8 14.9 
Dec. 27.4 16.2 
Avg. 7 14.1 
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Appendix F
 

Histology Reports
 
Central Public Health Laboratory
 
Swaziland Ministry of Health
 

January - August 1983
 

A careful study of the morbidity caused by Schistosomiasis is not possible

at this time in Swaziland. The histological reports listed below are from the
 
files of the Clinical Pathologist at the Central Public Health Laboratory.

This Laboratory is the only pathological Laboratory in Swaziland and provides
 
services for all the hospitals and clinics. The data cannot be taken as a
 
measure of the morbidity and mortality cause by Schistosomiasis but do
 
indicate the possible sequelae of schistosomal infection.
 

Male 70 Urinary bladder biopsy shows severe schistosomal infestation 
of bladder RFM No. 166 9/03/83. 

Female 29 Active chronic cervicitis associated with a heavy 
S. haematobium infestation. Ulceration noted in and around 
the squamo-columnar function. RFM No. 848 21/01/83. 

Female 8 Colon specimen. Schistosomal granuloma in the submucosa. 
MG.H. 1445/83 4/7/83 

Male 45 Biopsy from perforated urinary bladder. Sections show 
inflammatory debris, granulation tissue and paravesical 
adipose tissue. There is heavy infectation of the bladder by 
S. haematobium. No malignancy seen. RFM No. MS5755 17/07/83. 

Female 12 Vulval sore. Section shows a severe S. haematobium infection 
of the vulval tissue with marked inflammatory activity. 
HL. 3019 02/06/83. 

Female 9 Vulval wart. Sections show a papillomatous skin growth which 
is secondary to S. haematobium infection. Focal ulceration is 
noted. HL 3100/83 02/06/83. 

Male 48 Urinary bladder biopsy. Sections show a squamous cell 
carcinoma of bladder associated with a severe chronic 
S. haematobium infection. RFM 4661 27/05/83. 

Female 28 Vaginal wall ulcer. Sections show a florid S. haematobium 
infection. HP 545/83 18/07/83. 

Female Adult Rectal biopsy. Sections show shcistosomal ova in the 
submucosa. The ova are fragmented, distorted and partially 
calcified to such an extend that it is not possible to state 
whether they are S. manioni or S. haematobium. Focal mucosal 
ulceration is noted. RFM 6397 11/07/83. 

Female Adult Cervix biopsy. This lesion is schistosomal (S. haematobium) 
cervicitis. HP 645/83 15/08/83. 
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Appendix G 
HEMASTIX REAGENT STRIPS 

Miles GMBH 
Lyoner strasse 32 
D-6000 	Frankfurt M 71
 

Federal Republic of Germany 
Attn: 	 Mr. J. Sampson
 

Item: 	 Hemastix reagent strips (blood only) 

Item No.: 

Unit: 	 10,000 or more
 

Estimated price as at 2.11.61: $2.15 per bottle
 

Must be confirmed (by comparing quotation)
 

THIS ITE4 MAY BE SUBSTITUTED FOR EQUIVALENT REAGENT STRIP
 

FROM: 	 Parasitic Disease Program
 
World Health Organization
 
May 20, 1983 
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Appendix H
 

Key to Estimate of Schistosomiasis in School Children 
(for Information Contained in Table 25) 

1. Population figures from 1976 Census 

2. Percentage of total 	population found in geophysical areas
 

3. 	Population estimate of school age children from 1981 educational statistics
 

Age Group 
 Total of Swaziland
 

5-9 
 86,093
 
10-14 
 73,892
 
15-19 
 59,317
 

(Percentage of Swaziland (x) age group population 
- Veld's student
 
population estimate)
 

4. 
School Survey Prevalence 	of Schistosoma haematoibum in Fig. 4
 

5. 
Estimate of school children positive for Schistosoma haematoibum = 3 (x) 

6. 
School Survey Prevalence 	of Schistosoma mansoni in Fig. 5
 

7. 
Estimate of school children positive for Schistosoma mansoni = 6 (x) 3
 

- 158 

4 



REFERENCES
 

Annecke, 	D.H.S. and Peacock, P.N.B.;1951. Bilharzia in the Transvaal.
 
S. Afr. Med. J. 25:676-680;689-692.
 

Barbosa, 	F.S.;1981. Incapacitating Effects of Schistosomiasis mansoni on the
 
productivity of sugar cane workers in Northeastern Brazil. Am. J.
 
Epidemiology, July 114(l):102-11.
 

Berberian, D. A et al.;1953. Longevity of Schistosoma haematoblum and
 
Schistosoma munsoni: observation based on a case. J. Parasitol
 
39:517-519
 

Blagg, E. L., Schloegel, N.S., Mansour and Khalaf, G. J.;1955. A new
 
concentration technique for the demonstration of protozoa and
 
helminth eggs in feces. Amer. J. Trop. Med. 4:23-29.
 

Briggs, et al.;19 71. Screening with reagent strips.
 
British Medical Journal, ii:433;434.
 

Brown, David;1980. Freshwater snails in Africa and their medical importance.
 
Taylor and Francis, Ltd. Longond, pp. 487.
 

Bruijning, C.F.A.;1969. Bilharzia in Irrigation Schemes in Ethiopia.
 
Trop. Geogr. Med. 21(3):280-292.
 

Cawston, 	G. F.;1935. The control of bilharzia infection in Swaziland.
 
J. Trop. 	Med. Hyg. 38(24):305-306.
 

Cawston, G. F.;1949. Schistosomiasis in Southern Africa.
 
Med. Trop. 9:408-409.
 

Chernin, E.;1967. Behavior of Biomphalaria glabratus and other snails in a
 
thermal gradient. J. Parasit 53:1233-1240.
 

Cline, B. L., Department of Tropical Medicine, Tulane Medical Center, New
 

Orleans, 	Louisiana, Personal Communication. July 1985.
 

Directions, Health Technology, PATH. Vol. 2, No. 1, March 1982.
 

Eastman-Nagle;1956. Schistosomiasis mansoni in Swaziland. Survey by rectal
 
biopsy. S. Afr. Med. J., 30(37) 890-895.
 

El Alamy, M. A., Director, Qualyub Bilharziasis Project, Center for Field and
 
.'.pplied Research, Ministry of HeaLth, Egypt, Personal Communication.
 
February 1983
 

- 159 



Faroog, X., Sammaan, S. A.;1907. 
 The relative potential of different age
 
groups in the transmission of schistosomiasis in the Egypt-49 project
 
area. 
 Ann. Trop. Med. Parasitol 61:315-320.
 

Feldmeier, H. et al.;1982. 
Simultaneous use of a sensitive filtration
 
technique and 
reagent strips in urinary schistosomiasis trans.

Ray. S. Trop. Med. Hyg. 76(3):416-421.
 

Gauldia, R. D.;1965. Internal report 
on bilharzia in Swaziland.
 
The Health Office, Manzini, Swaziland.
 

Gear, J. H. S. and Pitchford, R. J.;1978. Bilharzia in South Africa.
 
S. Afr. Dept. Hlth. Pretoria. 35 pp.
 

Goudie, A. S., Price Williams, D.;1983. 
The atlas of Swaziland. The
 
Swaziland National Trust Commission. Occasional Paper No. 4.
 

Government of Swaziland:
 
Annual Survey of Swazi Nationland 1980-81.
 
Central Statistics Office Mbabane May 1982.
 
Census of Individual Tenured Farms 1980-81.
 
Central Statistics Office Mbabane Feb. 198?.
 
Education Statistic 1981, Central 
Statistics Office
 
Third National Development Plan 1978/79-1982/83.
 

Green, E.;1982. A knowledge, attituOes and practices survey of water and
 
sanitation in Swazilind. 
 Health Education Unit, Ministry of 
Health,
 
Swaziland.
 

Hamilton, Atwell and Van Eeder,;1969. The shells, radula, pallial organs and
 
reproductive systems of Bulinus depressus. 
 Hais. Wetensk. Byrdr.

Potchefstroom Univ. B.9:1-54.
 

Harisson, A. D. and 
C. J. Shiff;1966. Factors 
influencing the distribution of
 
some species of aquatic snails. S. Afr. J. Sci. 
62(8):253-58.
 

Harley, J. I'64. 
 On the endemis haematuria of the Cape of Good Hope.
 
Med. 
Chir. Trans. 47-55-72.
 

Hiatt, R. A. et al.;1980. The Boqueron project after 5 years: 
 A prospect!.ve

community-based study of infection with Schistosoma mansoni in Puerto

Rico. 
 Am. J. Trop. Med. Hyg. 29(6):1228-1240.
 

Jobin, W. R. and Jones, C. R.;1976. 
 Report on a joint consultation on
 
bilharzia control in Swaziland. Report to U.S. Agency for
 
International Development and the World !1ealth Organization.
 

Jordan, P.;1963. Some quantitative aspects of bilharzia with particular

reference to 
suppressive therapy and mollusciciding in control of
 
S. haematobium in Sukumaland, Tanganyika. East Afr. 
Med. J.
 
40:250-260.
 

- 160 

http:prospect!.ve


Joy, e, P. R. et al.;1972. Schistosomiasis in Gynaecology - Two cases in
 
immigrants in Western Australia. Australian and New Zealand Journal
 
in Obstetrics and Gynaecology. 12(2)-137-141.
 

Kloos, H. aad Lemma, A.;1974. Bilharzia in the Awash Valley. Ethiopian
 
Med. J. 12:157-173.
 

Knight, W. B., Hiatt, R. A., Cline, B. L., and Ritchie, L. S.;1976. A
 
modification of the formol-ether concentration technique for
 
increased sensitivity in detecting Schistosoma mansoni eggs.
 
Am. J. Trop. Med. Hyg. 25:818-823.
 

Krauss, F. 1848. Die Sudafrikanischen Mollusken. Stuttgarten.
 

Kvalsvig, J. D.;1981. The effects of Schistosomiasis on spontaneous play
 
activity in black children in endemic areas. An ethological study.
 
S. Afr. Med. J. 60(2):61-64.
 

LeRoux, P. L.;1929. Remarks on the habits and pathogenesis of Schistosoma
 
matheel, together with notes on the pathological lesions observed in
 
infected sieep. 15th An. Rep. Dir. Viet. Serv: Union of South
 
Africa. pp. 34 -406.
 

Logan, J. W. M.;1979. Bilharzia on the C.D.C. Estates in the Swaziland
 
Lowveld. Center for Overseas Post Research. London, England.
 
Report submitted to Commonwealth Development Corporation.
 

Malek, E. A.;1958. Factors conditioning the habitat of Bilharziasis
 
Intermediate Hosts of the family planorbidae. Bull. Wld. Hlth. Org.
 
18:785-818.
 

Malek, E. A.;1974. Medical and Economic Malacology. Academic Press, New York
 
and London.
 

Malek, E. A.;1980. Snail-transmitted parasitic diseases. CRC Press, Inc.,
 
Boca Raton, Florida.
 

Marten, E.;1860. Verzeichniss den von Prof. Peters in Mossambique gesammelten
 
landund Susswasser Mollusken. Malakozool 81 6:211-221.
 

Marten, E.;1879. Ubersicht der von 1983 bis 1847 in Mossambique gesammelten
 
Mollusca. Mber. K. Preuss. Akad Wiss. Berlin. 44:727-749.
 

deMeillon, B., Stoffberg, N. and Lurie, H. 1.;1953. Urinary bilharziasis on
 
the Witwatersrand. S. Afr. Med. J. 27:257-258.
 

Motts, K. E.;1983. Relationship between intensity of Schistosoma haematobium
 
infection and clinical haematuria and proteinuria The Lancet.
 
May 1005-1007.
 

- 161 



Program for Appropriate Technology in Health (PATH) test for urinary
 
schistosomiasis: 
Membrane filtration tecnhique. Slide
 
presentation. 1982.
 

Presigan, T. P. et al.;1958. Studies on Schistosoma japonicum infections in
 
the Phillippines. I. Genera.l consideration and epidemiology.
 
Bull. Wld. Hlth. Org. 18:345--'55.
 

Pitchford, '. J.;1952. Intestinal bilharziasis in the eastern Transvaal. A
 
preliminary report. S. Afr. Med. J. 26:524-528.
 

Pitchford, R. J.;1953. Bilharzia and its control in relation to water of the
 
northern and eastern Transvaal Lowveld. Publ. Hlth. (Johannesbury)
 
17:339-341, 345.
 

Pitchford, R. J.;1975. The effect of 
large dams on river water temperature.
 
The dams, with special reference to bilharzia and the Verwoerd Dam.
 
S. Afr. J. Science 71:212-223.
 

Pitchford, R. J.;1981. 
 Temperature and schistoscme distribution in South
 
Africa. 
South African Journal of Science 77:252-261.
 

Porter, A.;1938. The larval trematoda found in certain Zouth African mollusca
 
with special reference to schistosomiasis. Publs. S. Afr. Inst. Med.
 
Res. 42:1-492.
 

Prinsloo, J. F. and Van Eeden, J. A.;1969. Temperature and its bearing on the
 
distribution and chemical control of freshwater snails. 
 S. A. Med. J.
 
8 Nov. 1969 pp. 1363-1365.
 

Sapero, J. J. and Lawless, D. R.;1953. The M. F. stain-preservation technique
 
for tne identification of intestinal protozoa. Amer. J. Trop. Med.
 
Hyg. 2:6L3-619.
 

Schneider, J.;1953. Preliminary study of incidence of intestinal
 
schistosomiasis amongst the non-white 
races of Natal, Union of South
 
Africa. J. Trop. Med. Hyg. 56:251-255.
 

Schneider, J.;1954. Intestinal schistosomiasis in the northern and eastern
 
Transvaal, Union of South Africa. 
J. Trop. Med. Hyg. 57:112-116.
 

Shiff, C. J. and Garnett, B.;1967. The influeuce of temperatures on the
 
intrinsic rate of natural increase of the 
freshwater snail
 
Biomphalaria pfeiffer (krauss) (pulmonata:planorbidae) archin for
 
hydrobiologie. 62:429-438.
 

Shiff, C. J., Evans, A. C., Yiannakis, C. and Eardley, M.;1975. Seasonal
 
influence on the production of Schistosoma haematobium and
 
Schistosoma mansoni cercariae in Rhodesia. 
 Interational Journal of
 
Parasitology 5:119-123.
 

- 162 



Sturrock, R. F.;1965. The development of irrigation and its influence on the
 
transmission of bilharzia in Tanganyika. Bull. WId. Hlth. Org.
 
32:225-236.
 

The Effects of Population Factors on Social and Economic Development;1982.
 
The Futures Group, Washington, D.C.
 

United States Agency for International Development, Swaziland Water and
 
Related Land Resources Framework Plan 1981. Omaha District Corps of
 
Engineers, Department of the Army.
 

Wallerstein, R. R.;1949. Longevity of Schistosoma mansoni: Observation Based
 
On a Case. Am. J. Trop. Med. Hyg. 29:717-722.
 

Wilkins, 	H. et al.;1979. The significance of proteinuria and haematuria in
 
Schistosoma haematobium infection. Trans. Roy S. Trop Med. Hyg.
 
73(1):74-80.
 

World Health Organization; 1980. Epidemiology and control of schistosomiasis.
 
Technical Report Series 643. Geneva 63 pp.
 

World Health Organization; 1983. Technical Report Series, No. 685. The Use of
 
Essential Drugs. pp. 46.
 

- 163 


