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ABSTRACT

A field study on the ecology and epidemiology of S. haematobium
was carried out in 8 different parts of the Volta Lake from November
1978 to June 1980. Snail sampling for B. rohlfsi was conducted
monthly in 39 lakeside villages and data on human prevalence rates
and egg counts were obtained in 30 of the villages. A detailed,
integrated study of S. haematobium was conducted at the large lake-

side village of Agbenoxoe.

The snail sampling technique was an efficient version of the man-
time method. For screening urine samples for S. haematobium eggs, the
"Nuclepore" filtration method was used - its first large-scale, field
application. At Agbenoxoe, a new method of recording water contact

data was initiated.

From snail sampling, it was learned that S. haematobium trans-
mission was distinctly seasonal, and intensity varied according to the
type and amount of vegetation in water contact points (WCPs), the

shape of the WCPs, and their geographical location. S. haematobium
‘infection rates in B. rohlfsi around the lake were among the highest
in the world. The snail had a high intrinsic rate of natural increase,
but could not maintain an equilibrium population in the unstable habi-
tat of the lake. An original mathematical model was developed to

describe the dynamics of S. haematobium transmission to B. rohlfsi.

S. haematobium prevalence rates and egg counts were exceptionally

high in 2 lake sections = the Afram and Obosum branches = mainly

because of past and present growth of Ceratophyllum which led to high
transmission during most months of the year. However transmission

became interrupted when Ceratophyllum density became too great and
decayed in WCPs. Levels of infection were lower in the other lake

sections surveyed, mainly because of less Ceratoghzllumrgrowth'which
confined high transmission to December to March each year. Analysis

of all the human data revealed that the 5 - 19 year-old age span was

responsible for 937 of the potential contamination of §S. haematobium
eggs in the Volta Lake.

At Agbenoxoe, snail sampling, prevalence, egg count, incidence, and

water contact data fit together to paint a uniform picture of very focal

and seasonal transmission.
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1.1 GENERAL CONSIDERATIONS

Schistosomiasis in Africa is an ancient infection, as evidenced by
a description of haematuria in a papyrus about 3000 B.C. and the finding

of calcified eggs in Egyptian mummies dating back to 1250 B.C. (Ruffer,
1910).

Until the 20th century, transmission on the continent was confined
to limited foci: 1in the Nile basin, mainly in seasonal irrigation
canals; in the forest and savannah regions, mainly in streams, small

rivers, natural lakes, and ponds.

The rapid increase of population in the 20th century and the open-
ing up of the continent with permanent roads radically altered the
ecological equilibrium between man and the parasite. Dams had to be
built in large numbers to conserve water and feed expanding irrigation
schemes. By the roads came more settlements, reservoirs, culverts, and

ponds. The infection moved rapidly into these new ecological niches.

The most serious development which accelerated the spread of

schistosomiasis in arid parts of Africa was the change from basin to |

e

perennial irrigation. This was especially widespread in Egypt and Sudan.
There, the lifeblood of agricultural production was the annual flooding
of the Nile. Formerly, dikes and embankments held enough of the flood
water for one annual crop to develop in low lying fields. But this type

of agriculture could not meet the demand for more food and cash Crops.

The shift to perennial irrigation originated in the Nile basin late
last century and spread slowly up the Nile. Large reservoirs were built
to store flood water and prevent widespread inundation of the fields.

The stored water was released slowly and steadily to the fields through
vast networks of earth-lined canals, allowing a succession of CYOPpS

throughout the year.

Snail populations quickly infested the irrigation networks:

Bulinus truncatus in the canals and Biomphalaria alexandrina in drains
Do S =l —_=oanerlna

in the Nile delta. One of the largest epidemics of S. haematobium and

S. mansoni in the world had begun. The completion of the first Aswan

dam in 1902 and its heightening in 1933 led to the rapid spread of

perennial irrigation and S. haematobium infection to upper Egypt.




Three years after the introduction of perennial irrigation to four areas
of Quena and Aswan provinces, the prevalence rate of S. haematobium 1n

all age groups increased from 2 = 117 to 44 - 757 (Khalil, 1949).

The most comprehensive survey of schistosomiasis in Egypt was

conducted by J.A. Scott (1937). 1In 1934, he estimated that almost 607
of 10 million people living in districts with perennial irrigation were
infected with S. haematobium, while 3 million people (almost exclusively
in the northern delta) were infected with S. mansoni. In the districts
where basin irrigation was still practised, only 57 and 0.17 of the

inhabitants were infected with these two species respectively.

The Sennar Dam across the Blue Nile in Sudan was completed in 1924,
By 1938, the impoundment it formed fed major and minor canals that
extended over 4,000 km through the Gezira irrigation scheme. Before the
project, schistosomiasis was not detected in the area (Humphreys, 1932).
But between 1940 - 1945, about 207 of the adults and 457 of the children

living in the Gezira had acquired S. haematobium (Stephenson, 1947).

L]

S. mansoni developed in the later extensions of the Gezira and Managil
schemes, rising from approximately 57 among children in 1947 to about
807 in 1973 (M. Amin, personal communication). The construction of the

Rosaires Dam in 1966 eliminated dry periods in the new canals, and seems

responsible for the upsurge in transmission. The intensity of S. mansoni

among residents in the greater Gezira has now reached one of the highest
levels in the world (World Health, 1980).

There are numerous reports of schistosmiasis becoming endemic in
previously non-endemic areas following water development projects. Yet,

in the past 25 years, there has been an acceleration in the construction

of small, medium, and large dams in Africa. It is impossible to estimate

24

accurately the number of small dams being built each year on the continent.

At present, it could be well over 10,000. 1In the Nyanza provice of Kenya

alone, 50,000 small impoundments were created between 1957 and 1960
(Hunter, Rey, and Scott, unpublished WHO report, 1979).

Table 1 lists those African countries which had one or more large
dam (over 15 m in height) in 1977,

built after 1960,

Over half of the number listed were



Toble 1. Number of dams over 15 m high in 31 African countries, 1977.
(Source: World Register of Dams, ICLD, Paris, 1979.)

|

South Africa™ 317 Benin 4 Ghana 2
Zimbabwe 69 Cameroun 4 Guinea 2
Mbrocéo 23 Madagascar % 4 | Lesotho 2
Algeria 21 Sudan 4 Sierra Leone 2
Tunisia 20 Zambia 4 Zaire 2
Angola 9 Botswana 3 Liberia 1
Ethiopia 8 Egypt 3 Mali 1
Mozambique 6 Ivory Coast 3 Tanzania 1
Nigeria 5 Malawi 3 Togo 1
Kenya 5 Congo 2 Uganda 1

Upper Volta 1

The 160 m high Coborra Bassa Dam in Mozambique and the 25 m high
Kpong Dam in Ghana were completed in 1930. Additional major dams in

endemic areas are being built or planned on: the Gorgal River, Mauri=-
tania, the Senegal River at Diama, Senegal; the Biafing (Senegal River)
tributary, at Manantali, Mali; the Sassandra River at Buyo, Ivory Coast;
the Niger River at Kandadji, Niger; the Black Volta River at Bui, Ghana;

the Zaire River at Inga, Zaire; the Ghania River, near Nairobi; and the

Great Ruaha River at Mtera, Tanzania.

1 In south Africa, schistosomiasis is not yet a major problem in the

largest man-made lakes, most of which are at fairly high altitudes,
where water temperature is too low to support vector snail populations.
But the potential for schistosome transmission is increasing downstream

from some of the big dams because impoundment and subsequent discharge

%ncre?ses water temperature to a point where vector snails can tolerate
it (Pitchford and Visser, 1975).
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The economic need for building large and small dams cannot be

disputed. But too often, the effect of impoundments on human health

has not been considered. This is especially the case with small dams,

increasingly being built by local contractors, outside of national or

international supervision.

Largely as a result of water development projects, the number of
people infected with schistosomiasis in Africa is estimated to be be as
high as 91 million (W.H. Wright, 1972), and at least 144 million are
said to be exposed to the infection (Iarotsky and Davis, 1981),

Serious clinical syndromes have long been recognized in human cases

S. japonicum or S. mansoni. Until 1966, S. haematobium was generally

considered of minor public health importance in sub-saharan Africa

(WHO, 1977). But that year, Forsyth and Bradley (1966) described how

S. -haematobium caused vesicular and ureto-renal lesions, including
bladder calcification, hydroureter, hydronephrosis, and non-functioning
kidneys among more than 207 of children and 107 of adults in a Tanzanian
community. Other documentation of manifest disease caused by

. haematobium in Africa have included reports by Gilles et al. (1965a,
1965b), Forsyth and MacDonald (1965), Forsyth (1969), Gelfand (1971),

Rugemalila (1978), and a special study in the WHO schistosomiasis project

in GChana (final unpublished project report, UNDP/WHO, Geneva, 1979).

In postmortem studies and among hospitalized patients, S. haematobium
infections have been associated with functional renal disease, in some
cases leading to death (Lehman et al., 1970; Smith et al., 1974). But
following chemotherapy, chronic S. haematobium lesions have been shown
to be reversible (Lucas et al., 1969). Although Abdel-Salem and Abdel-
Fattah (1977) found that pathology of S. haematobium correlated positively
with egg counts, a recent analysis of Tanzanian field data by Rugemalila

(PhD thesis, University of London, 1981) has shown that serious sequelae

from S. haematobium infections are often unrelated to egg levels in
positive urine samples.

Some attempts have been made to quantify economic loss or human
disability from schistosome- infections (Pesigan et al., 1958: Farooq,
Samaan, and Nielsen, 1966; Foster, 1967; Fenwick and Figenchou, 1972;
Gateff et al., 1971; W.H, Wright, 1972: Weisbrod et al., 1973). All

were 1lnconclusive for several reasons, one of which 1s that schistosome
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infections, in general, do not result in easily-measurable parameters

of debility (Forsyth, 1969; Walker, Walker, and Richardson, 1970).

Despite world-wide attention given to health problems caused by
the largest man—-made lakes in Africa and elsewhere (notably, Lowe-
McConnell, 1966; Obeng, 1969; Ackermann, White, and Worthington, 1973;
Stanley and Alpers, 1975), there has been no major study of schistosome
transmission and infection at or near any of these lakes outside of
Ghana. (Some details of the largest African man-made lakes and schisto-

some transmission in them are summarized in Table 2).

Small-scale prevalence and snail surveys were conducted at Lake
Kariba (Hira, 1969, 1970) and at Lake Kainji (Dazo and Biles, unpublished
WHO reports, 1971, 1972; Teesdale, unpublished WHO report, 1971).
Virtually no work has‘been done at Lake Koussou (Scott and Chu, unpublished

WHO report, 1974; Deschiens and Cornu, 1976). Only recently, have
systematic surveys begun at Lake Nasser (unpublished UNDP/WHO report,

1980) .

By far the most information on schistosomiasis in a large man-made
lake has come from studies at the world's largest man-made lake, the
Volta Lake, in Ghana. A review of this research is therefore important,

and constitutes a section of this thesis.
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1.2 GENESIS AND PURPOSE OF PRESENT RESEARCH

Most of the research conducted at the Volta lake occurred in the
WHO schistosomiasis and control project that ran in Ghana from late 1971

to December 1978. The author was a staff member in the project, from
1973 to 1978.

The idea of the present research began when the WHO project was
about to close. Because of financial constraints, field work in the
project had been confined mainly to one small section of the lake,
covering about 60 km of shoreline. Doubts remained whether conclusions
reached on the status of S. haematobium in the study area would be valid

for the lake as a whole.

Therefore, the purpose of the present study was to collect informa-
tion on the ecology and epidemiology of S. haematobium in different
lake sections, to make comparisons with results from the WHO project,
and, more important, to discover aspects of the biology of B. rohlfsi,
and ecology of S. haematobium transmission that were hitherto unknown

for the snail and parasite in a man-made lake habitat.

The major part of the study involved monthly snail sampling in 39
lakeside villages, in 8 different lake sections. A second aspect

involved data collection on S. haematobium prevalence rates and egg

output in 30 of the villages. The final aspect included an in-depth

study of S. haematobium transmission and infection at one large lakeside

village - Agbenoxoe. All of the field work took place from November
1978 to June 1980.

Since much of the present research is the logical extension of
earlier work at the Volta Lake, it is necessary to review in some detail
these earlier studies, many of which were never formally published, or

appeared 1n obscure journmals. This is dealt with in chapters 2 - 4.

Chapter 2 reviews findings on S. haematobium in Ghana, before and
after the formation of the lake, to 1973,

Chapter 3 briefly reviews the WHO schistosomiasis project from 1971
to 1978, 1ts success in reducing S. haematobium in the study area, and

some problems encountered in evaluating the efficacy of the intervention
measures.
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Chapter 4 describes the basic ecology of water contact points in
the Volta Lake, the development of snail sampling techniques applicable
in the lake, and important precontrol findings from snail sampling in

the WHO study area.

All aspects of the present research are presented in chapters
5 - 10.

Chapter 5 describes the organization and coverage of the snail
sampling surveys, and the sensitivity of the chosen snail sampling
me thod.

Chapter 6 presents detailed analysis of the snail sampling data,
emphasizing the seasonality and focality of S. haematobium transmission
as determined by ecological factors. It also includes a studymof the
growth, fecundity, and .survivorship of B. rohlfsi, and an original
mathematical model to describe the dynamics of S. haematobium trans-

mission to Volta-lLake B. rohlfsi.

Chapter 7 describes the location and ecological features of all
39 sampled villages, and presents summary results of snail sampling on

a village-by-village basis.

Chapter 8 gives results from epidemiological sampling in 30 of the

villages, mainly to describe S. haematobium prevalence rates and levels

of egg output, but also to determine age-specific levels of contamination

potential, incidence rates by catalytic model application, and variation
in levels of infection in different parts of the lake. A section is
devoted to describing the '"Nuclepore" filtration method for

S. haematobium eggs, how it was adapted for large~scale use in Ghana, and

how it compared with the filtration method used in the WHO project.

Chapter 9 presents results of the in-depth research at Agbenoxoe,

where different studies attempted to "tie-together" facts gathered on

the seasonality and focality of transmission, and age and sex differences

in infection.
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1.3 SOME POINTS AND WORDS TO CLARIFY

Until the WHO schistosomiasis project in Ghana, the intermediate

snail host for S. haematobium in the Volta Lake was referred to as
Bulinus truncatus rohlfsi (Clessin, 1886). But following malacological
observation of the snail in Ghana by Dr. K.Y. Chu (personal communica-
tion) and taxomic studies at the British Museum of Natural History,

the snail was called Bulinus rohlfsi in published articles stemming
from the WHO project, and in the definitive book, Freshwater Snails of

Africa and Their Medical Importance by Dr. D.S. Brown (1980). Hence,

it is referred to as Bulinus rohlfsi in this report.

The term, 'water contact point'" (WCP), is used herein to describe
each small area in the lake = always at the end of a village footpath
or road leading into the water - where people have regular water
contact. In previous articles by the author and other members of the
WHO project, each of these "points' was called a '"water contact site"
(WCS). Since the latter term is sometimes used by others to describe
a wide area, perhaps covering an entire village shoreline, it was felt
that '"water contact point'" would give a more precise meaning, since most
WCPs in the Volta Lake encompass an area of less than 40 m in width

(along shore, parallel to shore) and 20 m from the shoreline to deeper

water,

Another term used frequently 1is, ''snail infection rate'". Unless
otherwise stated, this refers to the fraction or percentage of

B. rohlfsi found to be infected with patent (mature)'gf haematobium

cercarilae,

Two Ghanaian words used commonly are, "Ewe', and, "Agbenoxoe".

Ewe, referring to the tribe, is pronounced, e-vay, and Agbenoxoe,

the village, is pronounced, ag-ben-och'-way.
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2.1 ASPECTS OF THE GEOGRAPHY OF GHANA

Ghana lies i1n a central position along the Gulf of Guinea in West
Africa, the southernmost tip being 4  44' north of the equator. The
coastline is 550 km long and the mean north-south distance is 675 km.
At the last census in 1970, the population was about 10 million; it was

probably over 12 million by 1980. Greatest densities occur along the

coast, in the southern forest zone, and in the far northeast and north-

west. The least populated area of Ghana extends along the western and

northwestern side of the Volta drainage basin.

This basin occupies two thirds of Ghana; in its lowest parts lies the
Volta Lake, itself occupying almost 4% of Ghana. It receives every major
river running through the country except the Densu, Pra, Akobra, and Tano
rivers to the south and southwest (Map 1). The south basin narrows into
a v-shape as 1t meets the Voltaian escarpment on the southwest, the Akwapim

range to the south, and the Togo range on the southeast. These are small

mountain ranges, rising no more than 300 to 800 m above sea level.

With so much flat land, temperature variation is slight throughout

the country. The average temperature is 26 C on the coast and 28.8°C in
the far north.

Apart from the coastal grasslands, rainfall averages between 1150 -
1900 mm (45 - 75") in the southern half of Ghana and between 1000 - 1400 mm
(40 - 55") in the northern half. Most rain falls from April to June, and
September to October in the south, and from June to September in the north.
The calmest and dryest period is from November to January when all of Ghana

is covered by dusty, "harmattan', air originating from the Sahara Desert.

Daytime relative humidity is generally over 707 along the coast, 657

in the forest zone, and 607 in the northern savannah.

2.2 CREATION OF THE LAKE

The Volta Lake started to fill in May 1964 upon completion of the dam

at the Akosombo gorge. The scheme was part of the Volta River Project, the

principal goal of which was to stimulate diversification of the Ghanaian

economy by providing cheap hydroelectric energy for aluminium production,
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other industries, export, and domestic electrification, thereby lessening

Ghana's dependence on exports of primary commodities, especially cocoa.

From an ititial height of 13.7 m above sea level, the water rose to
82 m in November 1967 and reached a maximum height of 84.2 m in November
1969. At the latter level, the newly formed lake had a shoreline of over
5,000 km, a mean depth of 19 m, and an annual fluctuation of between 2.5

and 6 m.

-

The flooded river valleys and stream tributaries give the lake a den-
dritic shape, and it stretches over 400 km from Akosombo to Yapei in the
north. Except for small sections of the Afram, Pawmpawm, and Dayi River

branches in the moist forest zone, the entire lake lies within the Guinea

woodland savannah zone.

2.3 PRE-LAKE DISTRIBUTION OF THE SNAIL HOSTS OF S. HAEMATOBIUM

Map 2 shows the known distribution of B. globosus (plain circles)

and B. rohlfsi (black 'circles) in Ghana prior to the lake, but with the

lake i1llustrated as a reference. The map was constructed from maps and
reports by McCullough (1955, 1957a, 1962, 1965) and Odei (1964).

Only one focus of B. rohlfsi (in a reservoir near Kete Krachie) and
few B. globosus foci were found by McCullough (1965) in the area now occu-
pied by the lake. However, the small reservoir at Kete Krachie was the
only one of many small lakes along the middle course of the Volta River
that was surveyed (Paperna, 1969a). McCullough (ibid) attributed the pau-
city of the snail hosts in the Volta basin to the effect of the Voltaian
rocks which underlies almost the entire area. Before the lake, the porous

nature of this geological base led to a long shortage of surface water

during the dry season, and this was inimical to survival of the two snail
species.

The greatest concentration of B. rohlfsi was in the Volta delta where

McCullough (1962) and Paperna (1968a) found the snail in fresh water la-

goons and swamps. In the other areas of Ghana, the snail was found in

perennial pools of some northern rivers, in large ponds, and reservoirs.

B. M was widespread throughout Ghana outside of the Voltaian
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rock formation. It was mainly found in perennial streams, river pools,
and small reservoirs in the forest zone, pools, rain ditches, and small

reservoirs in the coastal plains, and small reservoirs, and drying river

pools in the more arid north (McCullough, 1955; Odei, 1964).

Biomphalaria pfeifferi was also widely distributed in the forest
and savannah zones outside of the Voltaian rock formation. Unlike

B. rohlfsi and B. globosus, it was not found in any area now occupied by

the Volta Lake (McCullough, 1965).

Brown (1980) cites an identification of Biomphalaria camerounensis
by McCullough in Kumasi in 1965. However, the indigenicity of this

species in Ghana has never been confirmed by subsequent findings.

Apart from a few endemic foci, S. mansoni was an uncommon infection

in Ghana until recently (K.Y. Chu, personal communication).

2.4 PRE-LAKE DISTRIBUTION OF S. HAEMATOBIUM IN GHANA

Map 3 pieces together areas in the country before the lake formed

where the prevalence rate of S. haematobium in boys 5 to 15 years old

was known the range from O to 157 (clear areas), 15 to 407 (hatched),
and generally over 407 (black). The information was assembled from
various published maps, based mainly on results of extensive surveys by
the Ghana Medical Field Unit (Waddy, 1956). The most accurate part of
Map 3 is in the Volta Region (southeast) where careful surveys were
conducted by Onori, McCullough, and Rossi (1963). The information from
the northwest came from Odei (1964). For the rest of the country, infor-
mation was less preclse, coming from McCullough (1965), Paperna (1969b),
and from a recent, unpublished survey (by the author) around Breman-
Asikuma in the Central Region (assuming stable prevalence rates during
the past decade). It should be noted that no focus of S. haematobium

_“

prevalence over 157 was ever reported in all the surveys for any district

within the present boundary of the Volta Lake.

The high prevalence rates along the lower reaches of the Volta River
and around the southeastern lagoons was primarily due to transmission of

the "rohlfsi" strain of S. haematobium by B. rohlfsi (Paperna, 1968c).

In the other areas of Ghana, infection was almost exclusively by the

globosus" strain, transmitted by B. globosus. . McCullough (1957b, 1959)
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found that the globosus ;train either did not develop or developed poorly
in B. rohlfsi; similarly, the rohlfsi strain showed a low compatibility
in B. globosus. Paperna (1968c) found that the globosus strain of north-
ern Ghana was compatible with local B. globosus but significantly incom-
patible with B. globosus from southern Ghana and vice versa. In contrast,

B. rohlfsi snails from both north and south were equally susceptible to

infection by the rohlfsi strain from different regions.

2.5 EARLY MIGRATION OF PEOPLE TO THE LAKE

The area flooded by the lake was formerly inhabited by approximately
80,000 people living in about 700 villages (Kalitsi, 1973). 1In 1964,
this represented over 1% of Ghana's population. About 67,000 of these
displaced people were resettled by the Volta River Authority (VRA) in 52
newly built resettlement communities scattered around the lake (FAO/UNDP,
1971). By 1968, almost 54,000 of the people had moved out of the VRA
villages, due mainly to a shortage of farming land near the-settlements,
lack of water supply, and over-crowding in the one-to three-room resettle-

ment units. Some moved to nearby fishing villages but most had "gone

elsewhere' (1ibid).

With newcomers moving into the vacant resettlement houses, the es-
timated population in the 52 VRA villages in 1968 was 43,500 (ibid). 1In
all but a few of these villages, the water supply either never worked or
broke down soon after the people arrived. In those resettlement villages
within 5 km from the lake, people were dependent upon the lake for their

water supply during most of the year.

The lake created a new ecological niche for both riverine fish
(northern sectors) and lacustrine species (southern sectors), and fronm
1965 to 1966 there was a rapid expansion of populations of commercially

important specles of Tilapia, Alestes, Synodontus, Labeo, Hemichromis,
2Ty pynrontus ————— S

Lates, and Hydrocynus (Petr, 1969).

As early as 1965, fishermen at the lake were catching fish in record

numbers. The VRA had predicted a maximum fish yield of 20,000 metric tons

per year during the first decade of the lake. But in 1969 alone, over

61,000 metric tons were harvested (Bazios, unpublished data, 1969). News

of the large fish harvest spread quickly to towns and villages below the
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dam along the Volta River and Volta delta, the home area of Ewe and Ada
fisherfolk. Ga=-Adangbe, Efutu, and Fanti fishermen from the east-central
and central coast were also attracted to the lake. The government
imposed no restrictions of settlement around the lake, so a rapid migra-
tion began to all parts of the lakeshore. Before 1964, the number of
fishermen in the Volta basin above the dam was estimated to be 1,200
(Butcher, 1973). By 1970, the number fishing full-time around the lake
was not less than 12,500 (ibid), and perhaps as high as 20,000 (Evans
and Vanderpuye, 1973). With a sample ratio of 1 fisherman to 5 accom-
panying family members (FAO/UNDP, 1971), the total population of
fisherfolk in 1970 was thus 60,000 to 100,000 in over 950 hamlets and

villages around the lake.

People living in hinterland villages within daily walking distance
of the lake began farming the fertile soil of the drawdown area. Precise
population figures are unavailable; however, a demographic survey by Chu,
Klumpp, and Kofi (unpublished data) for the Pawmpawm and southeast Afram
branches of the lake revealed that the number of people living in villages
1 to 5 km from the lake (who depended on the lake for farming, part—time
fishing, or regular water contact during most of the year) was 1.1 times
the number of people enumerated in all known lakeshore villages in the
same vicinity. Assuming that this ratio is reasonable for the whole lake,
the total number of people in 1970 who had daily or frequent contact with
the lake might have been as high as 250,000 - 2.57 of Ghana's population
at that time.

2.6 FORMATION OF WEEDS AND THE EARLY SPREAD OF B. ROHLFSI IN THE LAKE

In comparison with the extensive weed problem at Lake Kariba
(Boughey, 1963), less than 17 of the Volta Lake was ever covered by

aquatic vegetation (Hall et al, 1969). The only serious weed growths

developed in the riverine ends of the Afram and Pawmpawm branches between
1966 and 1970 when extensive "sudds" of Scirpus cubensis,

Pistia statiotes, and Scirpus-Pistia mixtures covered most of the water

and made boat movement impossible (Lawson, 19673 Hall and Okali, 1974),

As the Volta Lake started to fill, small clusters of Pistia and

Pistia mixtures invaded from river pools and small lakes, including the

small lake near Kete Krachie where McCullough (1962) had earlier found
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B. rohlfsi. These were spread rapidly around the lake by wind and wave
action. In September 1966, wide mats of Pistia were reported by Paperna
(1969a) along the shores of Ampem (Afram branch), Yeji (mouth of Pru
branch), and the new site of Kete Krachie. The plants were "heavily

populated” with B. rohlfsi, and finding over 50 snails on some Pistia
specimens was common at Ampem. By 1967, Paperna (ibid) reported the

breakup of Pistia in all 3 villages along with a concomitant reduction
of B. rohlfsi. The weed die-off was part of a general breakup of the

limited sudd condition observed by Pierce (1971)1 in his surveys around
the lake between 1976 and 1971.

During 1967, Paperna (ibid) noted that B. rohlfsi was becoming
most abundant on the submerged, floating weed, Ceratophyllum demersum,

especially on the south shore of the Afram branch where wide belts of

the weed were forming. Initially, fragments of Ceratophyllum were

widely dispersed in floating mats of Pistia~Scirpus associations (Lawson,
1967).

From 1967 to 1972, Ceratophyllum grew in heavy density only in the

Afram branch and parts of the Pawmpawm and Dayi branches, all of which

are 1n the forest zone. Apart from scattered patches in some sheltered

inlets and coves, the weed did not become established in any lake section
2

within the Guinea woodland savannah zone (Pierce, ibid; Odei, 1972)

Although Paperna initially found large numbers of B, rohlfsi on
Pistia and Ceratophyllum, the percentage infected with patent

S. haematobium cercariae was low. Of 1328 B. rohlfsi collected by

Paperna (1970), in "town areas' between 1966 and 1968, only 23 (1.7%)

shed furcocercariae.

1 Pierce, P. Aquatic weed development, impact, and control at Volta
Lake, 1967-71. Unpublished mimeographed report carried out for USAID-

Volta Lake Technical Assistance Project (641-11-190-028), June 1971.

Recent changes in the distribution

: and density of Ceratophyllum i
the lake are discussed in chapter 7 y phyllum in



Plate 2.

Plate 3.

Ewe boy with large catch of Nile perch (Lates niloticus)
at Volta Lake, 1973.

Section of a Volta-Lake fishing village.
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Plate 4.

Plate 5.

Belt of very dense Ceratophyllum demersum in Afram
branch of lake, 1977.

Finding Ceratophyllum for the first time in Pru branch
of lake, 1978.
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After the lake filled in 1968, the water level fluctuated more
gradually. Zones of emergent weeds developed on the western side of the
lake, dominated by Polygonum senagalense and Vossia cuspidata.
Alternanthera sessilis, other sedges, and slender grasses were common 1in
the drawdown area but could not tolerate prolongued flooding. The
steeper eastern shore contained less marginal vegetation (Pierce, 1ibid).
In many areas, the emergent plants along the drawdown area created a
wide barrier between shore and deep water during peak water level and
early drawdown. In this period, channel-like openings had to be cut
through the plant zone for canoe passage to the open water. These human
water contact points were thus well defined and small in area. This
factor enhanced infection of B. rohlfsi by S. haematobium miracidia, and
snail infection rates increased, Between 1970 and 1972, the total
percentage of naturally infected B. rohlfsi with patent S. haematobium

cercariae was 7.67 in the Afram branch (Jones, 1973).

2.7 STATUS OF BULINUS GLOBOSUS AND BIOMPHALARIA PFEIFFERI IN THE LAKE

Paperna (unpublished data) found B. globosus in the lake in 1968,
but at only one site <+ near a stream at Ntonaboma in the Obosum branch.
This finding was later substantiated by Odel (cited in Jones, ibid) who,
between 1970 and 1972, found the snail in 3 other foci near streams in
the same lake branch. Despite searches around the lake by Odei (1972),

the snail was not found in any other location.

B. Efeifferi was never observed i1n the lake. Its closest known focus
to the lake was 1in the Dayi River, about 2 km from the lake proper (Jones,
ibid).

2.8 THE EPIDEMIC OF URINARY SCHISTOSOMIASIS AROUND THE LAKE

The 1nflux of thousands of Ewe fisherfolk from the Volta delta
(where the rohlfsi strain predominated) started an epidemic of urinary

schistosomiasis in almost all parts of the newly formed lake. Paperna

(1970) collected evidence to suggest that the infection was due to

local transmission.



Paperna's work in Ghana, part of an Israeli technical aid programme,

ended in 1968. There was no further research on schistosomiasis at the
lake until 1970. Then, the health component of the Volta Lake Research
Project (a joint FAO, UNDP, and Ghana Government operation), headed by a

WHO epidemiologist, C.R. Jones, began carrying out surveys on the preva-

lence rate of S. haematobium in children living in lakeside villages.

Between 1970 and 1973, Jones's team managed to complete qualitative
urine examinations from almost 14,000 children, aged mostly between 5 and
14, in 137 different villages. Six of the villages had been surveyed

previously by Paperna (1970) for S. haematobium infection in children

aged about 5 to 19. Sketchy data on the prevalence rate of S. haematobium

in areas around the same 6 villages before the lake formed were also
available. By piecing together all of the above information, it has been
possible to document the rise in the prevalence rate of S. haematobium

in these villages from a period before the lake formed to 1973 (Table 3).

Table 3. S. haematobium prevalence rates among children approximately
5-19 years old.

Pre—lake records Post—-lake surveys

N 1959-1961 1967  1968°  1970-73°
of lake Village ~ % “ %
Afram Ampen <549 37 44 83.1
Afram Adawso <54 ~ 19 89.4
Afram Asuboni <549 - 8 89.0
Afram Amate <54 2 33 ‘ 56.1
Oti-Volta K. Krachie 3b 36 45 42 .7
Pru-Volta Yeji 2 b 36 28 43 .4

-—-W

a = Presumed from outpatient records at Nkyene-Kyene Health Centre;

b,c —=from Paperna (1970); d - from Jones (1973); last survey in each
village.
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Jones (1973) presented detailed information on the number of child-
ren per sampled village that were infected with S. haematobium. From
the data, 1t was possible to map the overall, unstandardized prevalence
rates in the children by grouping the villages by lake section (Map 4).
The rates were calculated from results of the last prevalence survey in
each village that was within approximately 3 km of the lake. The finding
of high prevalence rates in most lake sections confirmed the truth of
earlier predictions (E.G. Berry, unpublished report to N.I.H., 1954;
MacDonald, 1955; McCullough, 1965) that damming the Volta River would

greatly increase S. haematobium infection in the Volta basin around the

new lake.

The highest recorded prevalence rates between 1970 and 1973 were in
the Afram branch where Ceratophyllum was most widespread. The surveys
also revealed that prevalence rates were generally lowest in villages on
the eastern shore compared to villages on the western shore. Berry

(unpublished report to WHO, 1971) suggested that fewer snails could colon-

ize the eastern shore because of its greater exposure to the prevailing

westerly winds, and steeper banks.

Prevalence rates were generally lowest in the northeastern, more
riverine sectors of the lake. 1In one of the northern branches, the Daka
branch, all indigenous children examined by the vLRP'(Jones, ibid) were
negative for S. haematobium infection. The overall prevalence rate of
21.27 in the branch was the result of infections in non-indigenous
children. Although some B. rohlfsi were collected by the VLRP in this

branch between 1970 and 1973, not a single speciman contained patent

S. haematobium cercariae.

In all other sections of the lake studied, the VLRP (ibid) estab-
lished that there was no significant difference in prevalence rates

between Ewes and non-Ewes, and that active, local transmission of

S. haematobium was occurring.

S—

In the same report, the VLRP presented evidence to show that preva-

lence rates of S. haematobium were increa

sing 1n towns and villages along
the Volta River and Volta delta below the dam. Some of the evidence

suggested that much of the increase (between 1970 and 1972) was due to
children making frequent trips to the Volta Lake.
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CHAPTER 3

A REVIEW OF THE MAIN ACTIVITIES AND RESULTS OF THE UNDP/WHO
SCHISTOSOMIASIS RESEARCH AND CONTROL PROJECT AT THE VOLTA LAKE,
1971 - 1978
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3.1 INTRODUCTION

The health component of the Volta Lake Research Project ended in
1973. The work by the unit drew attention to the need to control

schistosomiasis at the Volta Lake and in other large man-made lakes.

A year earlier, final agreement ahd been reached by the governments of
Ghana and Egypt with UNDP to support a major WHO-run project on schisto-
somiasis at the Volta Lake. One main objective of the project was to
conduct research on the ecology and epidemiology of S. haematobium in

one section of the lake so that cost/effective ways of controlling the
infection could be tested and evaluated. A second objective was to

train Ghanaian and Egyptian personnel in the research and control methods
developed. Project results were to be made available to the health
authorities in Ghana and Egypt so that they could possibly implement

those control measures which would be applicable to other parts of the

Volta Lake and at Lake Nasser.

The scope and planned duration of the UNDP/WHO schistosomiasis
project at the Volta Lake (herein referred to as the "WHO project' or
"the project') was continually reappraised by UNDP, and it eventﬁally

ran for 7.5 years before it was officially handed-over to the Ghana

Ministry of Health in December 1978.

As part of the introduction to this thesis, it is necessary to
briefly review the project’'s activities and main results achieved.
Unless specifically stated as otherwise, facts and figures cited in
this section come from the final, unpublished project report of 19791,

or unpublished WHO project data made available to all senior staff

members.

Overall, the WHO project was successful in greatly reducing

S. haematobium egg counts in an area of generally high endemicity., The

thoroughness in which data were collected and computerized will serve as

a model for future field studies. However, as in any pioneering field

study, there were inevitable problems which hampered the project's design,

1

Research on the epidemiology .and methodology of schistosomiasis con-
trol in man-made lakes (RAF/71/217).  Ghana and Eo

; t. Project findines
and Wﬂ%- UNDP/WHO, Geneva, 1979, —RyPre CIDJECT ZICIMES
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control effort, and evaluation of the results. It is hoped that high-

lighting some of these problems will benefit others engaged in research

on schistosomiasis in a similar environment.

3.2 PROJECT DESIGN

3.2.1 Schedule of oEerations

The original plan of operation (WHO document RAF/71/217, 1971)
outlined a schedule of activities that was unrealistically short. The
preliminary research phase was to last for 7 months, followed by a 12
month phase of baseline data collection, and a 12 month period of inter-

vention and evaluation. However, yearly negotiations with UNDP resulted

in the extension of each phase. The preparatory phase ran from mid 1971
to February 1973, collection of baseline data from March 1973 to May 1975,

and the intervention and evaluation period from June 1975 to December 1978.

3.2.2 Teams, personnel, and facilities

Three research units with WHO personnel were established: (1) an
epidemiology team consisting of Project Manager, Epidemiologist (1975 -
1978), and Technical Officer; (2) a biology team consisting of Senior

Biologist, Junior Biologist (Scientist), and Technical Officer; and (3)
a sociology unit of one Social Scientist. Each unit was supported by

technical officers from the Ghana Ministry of Health as well as locally

recruited staff.

During most of the intervention period, the project owned a fleet

of up to 9 Landrovers, 5 Peugeot estate wagons, 2 Volkswagon minibuses,

and 2 small cabin cruilsers.

The project's headquarters and main laboratory were in Accra. The

field station containing laboratories and living quarters was at the
Anyaboni Resettlement Town, 125 km north of Accra, and 3 km by road to

the nearest lakeside village (Map 5).
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Plate 6.

Plate /.

WHO project field base at Anyaboni, 1979.

Project boat at study unit 1 (Pawmpawmnya No. 1), 1973.
The village was located just behind the sandy, exposed
shore, and because of the openness of the shore and lack
of weed growth, S. haematobium transmission was very low.
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3.2.3 Selection of study area and study units

Statistical criteria by WHO (1971 Study Proposal, PD 72.3, Geneva)
required that the research be conducted along a part of the lake where
at least 5,000 people lived and which could be reached easily from a

field base. Within that stretch of shore, a number of 'study units"
(fishing villages) were to be selected, each to have a population of
between 100 and 400, and an S. haematobium prevalence rate of at least

457 among 2 to 12 year-old children.

The area selected was within a 60 km section of the shore = 10 km
on the eastern bank of the Pawmpawm branch, and 50 km from the lower tip
of the Pawmpawm branch on the western shore into part of the Afram
branch as far north as 6° 35' (Map 5). Twenty-six villages which met
the statistical requirements were selected to be study units. The study
area (also called project area) was defined as only the area of shore

occupied by the study units, excluding all settlements between them or
behind them. In 1973, the first census enumerated 4,283 people in the
26 study units. By 1978, the population had decreased to 3,998,

When the research began, it was thought that the other lakeside
villages and hamlets which existed between the study units would not
pose any problem with data collection in the study area. However, it

soon became apparent that there were more of these villages than orig-
inally thought. 1In 1977, Chu, Klumpp, and Kofi (1981) found 29
"intervening', lakeside villages between study units 1 and 26, with a
population of 2,780 people. Two of the intervening villages were
actually groups of households which were part of 2 respective study units
but which were excluded because they were over 0.5 km from the main
cluster of households. The same survey revealed another 14 villages
behind the study units, 1 = 5 km from the lake ("second-1line" and "third-
line" villages). The population of these hinterland villages was
approximately 8,000. These people also had considerable contact with the
study units, and in a number of cases shared the same water contact points

with the lakeside inhabitants.

3.2.4 Change in study design

The 1971 study proposal recommended that (after an initial preva-

lence survey) the study units should be divided by cluster into 5
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epidemiological groups with similar ranges of prevalence rates. Epi-
demiological and malacological baseline studies were to be conducted in
each epidemiological group, in those study units where prevalence rates
were highest and lowest. During the intervention phase, single methods

of control - chemotherapy, mollusciciding, and health education = were
to be applied separately in 3 of the groups. Another group would receive
a combination of 2 or more methods, and the 5th group was to be left as

a comparison area. Data collection was to continue in all epidemiological

groups for evaluation.

It soon became apparent, however, that it would be impossible to
follow the above design and achieve any meaningful evaluation of the
results of the intervention measures within the original, short time span
of the project. Even after the phases of baseline data collection and
intervention were extended, there were other reasons which necessitated

a change of strategy. First, 11 of the 12 study units with highest

prevalence rates and egg densities were located in the northwest end of

the study area. To have met the statistical requirement of similar ranges
in prevalence rates within each epidemiological group would have meant
expanding the study population to approximately 12,000. This was beyond
the resources of the project. Second, because intensities of cercarial
transmission were so different within the study area, the 5 epidemiological
groups would not have been comparable in terms of transmission potential.
Third, the high degree of human migration observed within and outside of
the study area, combined with the reservoir of infection in the interven-
ing and hinterland villages, would have made it difficult, if not

impossible, to evaluate the efficacy of the individual control measures.

3.2.5 New intervention strategy

In November 1974, the plan of having 5 epidemiological groups of

villages was abandoned, and a new intervention strategy was chosen.
Residents of all 26 study units found to be positive for §. haematobium

m

were to be treated with a suitable drug once a year, all potentially
dangerous water contact points in the study units would be molluscicided

whenever necessary, and 7 villages would be provided with water supply
in the form of bore wells.
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3.2.6 Strategy of chemotherapy

The selected drug for chemotherapy was metrifonate (Bilarcil). The
strategy of delivery was ''selective population chemotherapy' (SPC) -

the treatment of people found to be positive for S. haematobium. - SPC

campaigns were carried out once a year from 1975 through 1978. At each
SPC, metrifonate was given to all registered, present, and willing study-
unit residents who were found to be positive in the most recent, prior
epidemiological survey. Refusal of treatment was rare. The dosage of

the drug was 7.5 mg per kg body weight, and it was delivered on 3 occasions
at fortnightly intervals. Follow-up screening of all residents for
S. haematobium took place roughly 6 months after each SPC. The method of

examination was based on single, 5 ml urine samples (Scott, Senker, and
England, 1982).

The efficacy of chemotherapy (helped with mollusciciding) was
evaluated by pre- and postcontrol comparison of age-specific prevalence
rates and geometric mean of egg counts among all sampled residents in

the 26 study units. There were 2 full precontrol surveys (S2, 1973;

S4, 1974) and 3 full postcontrol surveys (S6, 1976; S7, 1977; and S8,
1978) . |

3.2.7 Strategy of mollusciciding §

The molluscicide used throughout the intervention period was a
wettable powder of niclosamide (Bayluscide), 707 active ingredient.
Early in the project it was learned that almost all transmission was
confined to human water contact points. The strategy of'mollusciciding
was therefore to kill infected snails in WCPs rather than to aim at
snail control per se. 1In order to achieve this goal, all WCPs in the
study area (up to 230) had to be visited by the biology team every month,
and in the most potentially dangerous WCPs, 3 times every 2 months.

The decision to dose a WCP with niclosamide was made by the team during

these site visits, on the basis of ecological criteria established by
Chu (1978).

When it became necessary to molluscicide, it was done by technicians
using Hudson X-Pert, knapsack sprayers, with a calculated amount of

niclosamide to achieve a final concentration of 0.5 mg/l over at least



a few hours. The aim was to achieve a quick kill near shore where most
infected snails were concentrated. The chemical was usually sprayed
from shore into a zone within 5 m from shore, and allowed to diffuse
into deeper water. Where emergent vegetation was thin or absent, it
was sometimes necessary to wall-off the estimated aquatic boundary of
the WCP with plastic curtains to prevent rapid dilution of the mollusc-
icide (Chu, 1ibid).

The efficacy of mollusciciding was evaluated by comparison of pre-
and postcontrol baseline data of snail sampling. Sampling began in
March 1973 and continued every month through December 1978. This
included 28 - 33 WCPs in 10 study units in the Pawmpawm branch and 16

WCPs in 6 study units in the Afram sectionm.

Since mollusciciding was focal, its application had no significant,
detrimental impact on fish or invertebrates. This was confirmed by the
Ghana Institute of Aquatic Biology, which carried out extensive sampling

before and after mollusciciding in and around WCPs in 1975 (Odei,

unpublished report to WHO project, 1976).

3.2.8 Strategy of water supply

In addition to chemotherapy and mollusciciding, 7 study units were
provided with water supply in 1975 in the form of 13 drilled bore wells,
1 - 3 per village. Each pump unit was of the Canadian Monarch type,
consisting of a simple standpipe with an outlet tap, and a pumping arm
with a wooden handle. The pump base was supported by a concrete slab.
The installation of the wells was performed by the Ghana Water and
Sewerage Corporation. The purpose of installing the wells was to reduce
human water contact, especially domestic chores like fetching water and
washing. To strengthen the impact of the water supply, people in the 7

villages also received health education by the sociology unit.

3.2.9 Extension of control to the intervening villages

After control began, residents of study units were seen having
water contact in untreated WCPs in the intervening villages., Chu and
Klumpp (unpublished report to WHO Review Mission, 1977) carried out

snail sampling in the main WCP of all intervening villages during March,
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April, and May 1977). Even though 8 of the 29 intervening villages
(all in the Pawmpawm branch) had received some chemotherapy with either

niridazole (Ambilhar) or metrifonate during 1975 and 1976 (part of drug
treatment trials), the number and percentage of B. rohlfsi found with
patent S. haematobium cercariae in the intervening villages was very

high - 120 (15.97) in the Afram section and 56 (18.27) in the Pawmpawm
section. The WHO Review Mission of June 1977 therefore recommended that
beginning in July 1977, all intervening villages of highest transmission
potential should receive mollusciciding on a monthly basis, plus selective

population chemotherapy annually (after rapid, qualitative assessment by

microscopy or haemoglobin-sensitive dip sticks).

3.2.10 Establishment of a cqggarison area

In 1975, W.R. Jobin (unpublished consultancy report to project)
recommended that the project should establish a comparison area, because
without it, the validity of the project's results would be in jeopardy,
since there would be no way of verifying whether postcontrol reductions
in the study area were achieved against a background of stable or changing
levels of S. haematobium infection. This recommendation was adopted by

the project in 1976. A 20 km stretch of the southern shore of the Afram
branch was selected, the eastern end approximately 50 km from study unit

26. It contained 10 villages with an initial population of 1265 people.
Starting in 1976, surveys on S. haematobium prevalence rates and egg
counts were conducted yearly in all 10 villages. Snail sampling was

carried out monthly in the 2 main WCPs of each village, starting in 1977.

3.3 RESULTS OF INTERVENTION

3.3.1 Reduction in number of infected snails

Detailed results of this work have been published (Chu et al., 1981).

It can be seen from the summary results of baseline sampling (Table 4)

that after 3 years of intervention, the number of infected snails was
reduced by over 957.




Plate

8.

Technician spraying niclosamide into large WCP.
plastic curtains in deep water boundary of WCP.
prevented rapid dilution of the molluscicide.

Note
This
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Table 4. Yearly number (June to May) of B. rohlfsi with patent

S. haematobium cercariae during pre- and postcontrol periods. (From
Chu et al., 1981.)

frecontrol Postcontrol
1973/74 1974/75 1975/76 1976/77 1977/78
10 Pawmpawm
villages 83 38 6 1 1
6 Afram
villages 228 166 8 2 2

The potential for transmission was much higher in the Afram branch

than in the Pawmpawm branch. The main reason for this was that

Ceratophyllum remained in, or increased to moderate to heavy density
in all but one of the 12 total Afram study units between 1973 and 1978;

in the same period, the weed largely disappeared from all study units

in the Pawmpamw branch (Klumpp and Chu, 1980). Increasing density of
the weed was positively correlated with increasing numbers of infected

B. rohlfsi in WCPs, and increasing levels of S. haematobium infection

in humans.

The reduction in numbers of infected snails during the second

precontrol year was mainly due to the natural die-off of Ceratthzllum

in the Pawmpawm branch and lake flooding of some compounds in the Afram

branch which, in the latter area, caused a permanent cessation of human

water contact at 2 important, sampled WCPs.

3.3.2 Reduction in prevalence rates

Age-specific prevalence rates before and after intervention are
shown in Figure 1. Separate results are presented for people in study
units 1 - 14 (Pawmpawm section; area of moderate endemicity) and in

study units 15 - 26 (Afram section; area of high endemicity). Details of

the precontrol findings have been presented by Scott et al., 1982).
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After 3 years of intervention, the prevalence rate for all ages in
the Pawmpawm study units was reduced by 72.37, and by almost as much in

the 10 - 14 year-old age group of peak infection. In the Afram section,

the corresponding overall reduction was less impressive = 39.5Z.

Precontrol egg counts of S. haematobium were considerable higher
among people living in the Afram section vs. the Pawmpawm section. That
was probably the main reason why comparable cure rates could not be
achieved in the 2 sections. And unlike the study units in the Pawmpawm
section which were located at the '"closed end" of the study area, the
study units in the Afram branch were at the '"open end" of the study area,

close to an untreated area of the lake of high endemicity. An additional

large reservoir of infection initially existed in 15 intervening villages

near the Afram study units.

The reason for the improvement in results in the 12 Afram study
units in 1978 was probably due in part to an earlier follow-up of urine

examination that year. On average, Survey 8 was conducted only 4 months

after SPC 3 in 1978, compared with 6-month intervals following SPC 1 and
SPC 2. Thus, the egg—suppressing and/or prophylactic effect of metrif-
onate in 1978 may have been greater. Moreover, during Survey 8, 22.7%

of the Afram residents were temporarily absent from their villages and
could not be examined. This group could have included a high proportion

of positives. In 1976 and 1977, the percentage of these absentees was
8.37 and 15.47 respectively. The improvement in the 1978 results could

have also been due to successful mollusciciding in the Afram study units

and intervening villages between them. During 1978, all WCPs in these

villages were sprayed 3 times every 2 months.

3.3.3 Reduction 1n egg counts

The most successful achievement of the project was the drastic

reduction in S. haematobium egg output in every study unit. In both

the Pawmpawm and Afram sections, the overall geometric mean egg count

was reduced by at least 787 after 3 years of intervention. Results

were almost as good in the age groups of peak infection (Figure 2).
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3.3.4 Costs of the intervention measures

The final project report of 1979 listed the annual per capita costs
for the 3 intervention programmes as follows: cercarial transmission
control, $1.10; chemotherapy, $1.94; water supply (over 3 years), $8.53.

Labour and transport costs contributed to 897 of the total expense for

cercarial transmission control and 737 of the total cost for chemotherapy.

Over 987% of the cost of water supply was for the purchase of bores and

pumps plus drilling and installation charges.

As applied in the study area, all 3 intervention measures were too
expensive for the Ghana Ministry of Health to adopt for eventual exten-
sion to other sections of the Volta Lake or to other parts of Ghana.
Although not stated explicitly in the final project report, emphasis on
future schistosomiasis control in Ghana was to be placed on chemotherapy
alone (personal communication with Dr. E. Osei-Tutu, Head, Ghana Schisto-

somiasis Unit). Anticipating this, the report recommended that in

addition to sustaining control of S. haematobium in the study area (for

continuity of evaluation), the Ministry of Health should experiment with

ways to simplify urine examination, and streamline the logistics of drug

delivery (e.g., evaluating the cost/effectiveness of treatment based on

a single dose of metrifonate at 10 mg/kg).

3.4 DISCUSSION: OSOME PROBLEMS IN EVALUATING SUCCESS OF CONTROL RESULTS

3.4.1 Crude incidence rates

The 1973 WHO Review Mission recommended that longitudinal studies
should be initiated in the study area to gather information on pre-= and

postcontrol incidence rates of S. haematobium. Only one such study was

ever carried out in the precontrol period, from October 1974 to September

1975 (Scott et al., 1982). From the results (which involved all age
groups), the estimated overall annual incidence rate was 46%. Absentee-
ism was so great in this longitudinal study that it was possible to examine

urine from only about 40 - 70 people per month. Most of the cohort came
0 . L d
frm a few large villages in the Pawmpawm branch. In the Afram section,

few children were ever negative for S. haematobium,

'm
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As one means of evaluating the efficady of the combined intervention
measures in the study area and the impact of water supply in the 7 study
units, the final project report extracted '"erude incidence" rates from
computerized records of each person's egg counts between consecutive
epidemiological surveys in the pre- and postcontrol periods. But were
these data reliable for calculating incidence rates? Probably not. They
were based on single 5 ml urine samples, and false positive and false
negative results could not be discounted. In 1977, Chu and Senker (unpub-
lished report to WHO Review Mission, 1977) traced 16 out of 31 children
who were reported in the records to have converted from negative to
positive between the final precontrol survey (1974) and the first post-
control survey (1976). They collected .and examined full bladder amounts
of urine from all 16 children over 2 - 3 consecutive days. The urines

were centrifuged and carefully examined microscopically for S. haematobium

eggs., Confirmation of eggs was found in only 6 of the children: the

remaining 10 were negative over the 2 - 3 day period.

This limited study raised the possibility that contamination some-

times occurred during the routine processing of urines in the field.
One question mark of the method employed in the project was that only one

automatic syringe was used in extracting the 5 ml sub~samples from urines
when the sub-samples were injected in series into individual specimen
bottles (containing a stain/fixative). Although Scott et al. (1982)
stated that precautions were taken to minimize contamination (by rinsing
the syringes between taking sub-samples), 1t is the opinion of the author
that such contamination was possible when junior assistants were left to

do the work, a frequent occurrence in the postcontrol period.

Another problem in trying to interpret the crude incidence rates
from the survey records is in tracing where the infections were acquired.
Was it mainly in the study units, or did a significant amount occur in
the intervening villages, other sections of the lake, or for Ewes, during
their frequent visits to their home towns in the Volta delta? Unfortun-
ately, detailed data on inter- and intra-village movement by people in

the study units were never obtained in the project.
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3.4.2 Participation

Although repeated visits were made to the study units during SPC

campaigns, and very few people refused treatment, there was a degree of

absenteeism which left a significant reservoir of infected persons in
the villages during the postcontrol period. The percentage of positives

who received no treatment or incomplete treatment ranged from 18 to 337

(Table 5; from final project report, 1979).

Table 5. Participation levels during SPC campaigns.

. s Level of y
Study area  Positive for _Level of treatment,Z

Year* SPC population treatment (7) Full Incomplete None

1975 1 3232 2239 (69) 82 6 12
1976 2 3363 1651 (49) 67 11 22
1977 3 3488 1357 (39) 70 11 19
1978 4 3998 1019 (25) /1 12 17

* Follow-up surveys on prevalence rates and egg output conducted in the
following year.

It is the opinion of the author that better levels of treatment
could have been achieved if the chemotherapy team had worked during
evening hours when village populations were at their peak. This was
never tried in the project. As it was, the teams worked almost excly-
sively between 0300 - 1400 h. During these hours, villagers were éften
away at markets, at their farms, or fishing. In addition, more effort

could have been made to notify the villagers of treatment in advance of
the chemotherapy teams actually arriving. This was done consistently only

in the 7 villages receiving water supply and health education. Partici-

pation levels in these villages during chemotherapy campaigns were
4 - 107 higher than in the "non water" villages.




Table 6 gives the percentage of people in each epidemiological
survey who were examined, were newcomers to the study area, were absent

temporarily from the villages, and who moved permanently from the study

area (WHO project data).

Table 6. Levels of participation in surveys for prevalence rates and
egg counts of S. haematobium.

Percentage of the Eogulation

Study area Absent Moved
Year Survey population* Examined Newcomers temporarily permanently

1973 2 3480 72 12 17 27
1974 4 3253 87 4 8 13
1976 6 3359 89 14 6 13
1977 7 3473 82 11 14 5
1978 8 3998 73 25 25 0

* Slightly different population figures than presented in Table 5.
Present figures from computer printout sheets, and included new births,
people absent temporarily, old residents. People who died or moved
permanently were part of the population at the last, prior survey.

Despite many follow-up visits to all study units, the percentage of
residents who were not examined in the surveys ranged from 11 - 28%.
Most of these people were absent temporarily = they had travelled to

various places and would be returning shortly. The percentage of people
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who moved permanently from the study area was higher than the latter group

until 1977; it then dropped to a low level. The newcomers constituted a

large group in 1978. During postcontrol, 67 - 687 of the people who
temporarily left the study area were positive.for S. haematobium after

their return, and 46 = 577 of the newcomers were positive. The overall

range of prevalence rates for residents remaining in the study area during

the postcontrol surveys was 34 - 52%.
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The transitory population structure recorded from year to year is

probably representative for the lake as a whole. It highlights the

difficulty of sustaining control of schistosomiasis at the Volta Lake.

Even with maximum effort directed at treating all known positives in a
given area of the lake, as was attempted in the project, there will
remain a dynamic reservoir of infected people who can cause a rapid

recrudescence of S. haematobium infection once control measures are ended.

f

3.4.3 Water supply

The final project report of 1979 stated that ... ''the provision of
water supplies and the supporting community motivation programme contrib-
uted significantly to the reduction in transmission. However, many
other factors besides the supply or non-supply of water influenced the
results presented on the Pawmpawm, e.g., changing ecology, composition

and stability of the population, so that 1t 1s impossible to state

precisely the impact of water supplies'.

The report compared the 5 "water'" villages and 9 "non-water"
villages at the Pawmpawm branch in respect to the percentage reductions
in prevalence rates, geometric mean of positive egg counts, and crude

incidence rates for all age groups between 1974 and 1978 (Table 7).

Table 7. Final postcontrol reductions of parameters of infection in
water and non-water villages between 1974 and 1978,

Villages with wells Villages without wells

Prevalence rate -75.67% -68.07

GM of + egg counts -80.37% -76.77

Crude incidence rate -63.67 -72.9%7
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Although the data analysls was superficial and the crude incidence
rates subject to error, the above figures show the equivocal impact of
the wells in reducing S. haematobium transmission above and beyond
chemotherapy and mollusciciding. It 1s the opinion of the author that
the slightly better reductions in prevalence rate and egg counts in the
water villages was more a reflection of the health education/community
motivation effort in improving the thoroughness of metrifonate delivery

than the effect of the wells in reducing human water contact,

The quality of the well water was poor. From 2 analyses of well
water sampled carried out by the Ghana Water and Sewerage Corporation
and one analysis by the author (following Standard Methods), the Most
Probable Number of total and faecal coliform counts were close to 104

and 107 respectively. These counts were approximately the same as

water samples collected from WCPs at the lake.

The concrete base of each pump unit was poorly constructed and there
was no allowance for sanitary drainage around each wel<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>