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Abstracﬂ

The region of Debre Berhan, ?herévs%%iﬁ%éﬁ?ﬁié%iﬁ%i%iz
not endemic, was compared with a1WélI ‘egtablishéed focus of S
S.mansoni, Wonji, with regard to climate, snail habitats
and snail differences in susceptibility and growth rate.
In general rain and changes associated with it have influgnece
on the snail wpopulation but this does not account for the
lack of endemic schistosomiasis, 8Snails from both areas
were equally susceptible to infeetion with S.mansoni, The
low mean temperature in Debre Berhan increaned the incubation
period of the parasite. Mortality rate of DeBré.Berhan snails
was higher than these of wonrji snails while the growth rate

was vice versa,

Despite the relatively unfavourable conditions, the
possibility of introduction of schistosomiasis to Debre
Berhan as a result of environmental modifications that nay

bring changes in human activities can not be discounted.
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" Introduction

The characterstics of snail population that allows
successful development of endemic schistosomiasis has been
discussed by many workers, but our knowledge of the failure
of the disease to establish itself in potentially suitable
areas is still far from complete. Many factors can cause
this failure. Telliger > (1977) considered the following to
be the main factors: insufficient snail density, insufficient
density of human population, ébsence of slow flowing or stand-
irg ~water, unsuitable water quality and inability of the
parasite to complete its life cycle in the snail under the
prevailing climatic conditions. Files and Cram (1949), TFiles
(1951), wri ht and Bennet (1967) and Chi et al, (1971)
demonstrated that it is due ta the inability of snails to
serve as 1lntermediate hosts. This incompatibility is well

assoclated with chromosomal-number variation in Bulinus

species (Natarajan et al., 1965, Burch and Natarajan, 1966;

Burch, 19673 Lo, 1972). In Biomphalaria species such varia-
tion in chromosome numbers does not exist. Instead innate
internal mechanism which elicit a host reaction whereby the
snail encansulate the miracidia or the mother sporocyst which
is unique to the non-susceptible snails was explained (Malek,

1967 Locker et al.,, 1981),




Biomphalaria pfeifferi, the snail host of Schistosoma

mansoni, is found from sea level in Alexandria, Egypt
(Malek, 1958b), to 3000 m above sea level in the highlands
of Ethiopia and Yemen (Ayad, 1956; Brown, 1964). However,
the ranze of endemic areas are much smaller when compared
to the distribution of the snail. 1In ¥thiopia there are
several places where the situation seems to be ideal for
the transmission of S.mansoni. Bnails are available in
good numbers and the water bodies are frequently visisted
by people; however; schistosomiasis is not established.
Debre Berhan is one such place(Institube of Pathobiology,

unpublished),

The present study was initiated to find out why S.
mansoni could not establish itself at Debre Berhan. This
was done by observing the physical,chemical and biological
factors in relation to the abundaﬁce of the intermediate
ﬁost. This was approached from two angles. The first was
to compare the ecology at Debre Berhan (non-endemic area)
and Wonji (endemic areca) in terms of climatic factors such
as rainfall, temperature, relative humidity, water level
fluctuation, types of vegetation, water chemistry and pre-

valence of the disease.

The second approach was to investigate if there was any
biological difference between the snails from the two study
areas., Accordingly the growth rate in the laboratory,
susceptibility and vector competence in the fiéld and labo-

ratory conditions were compared.




LITERATURE REVEIW

Factors that influence the distribution of snails..
a. General account.
Deschiens (1957) considered physico - qhemical
factors such as: temperature of 22 - 2605, depth of
less than 2 meters, NaCl concentration of 6 ppm as

essentials for conditioning the habitat of Biomphalaria

glabrata. He also mentioned nutritional and competitive
factors involving the flora and fauna as additional
favarsble factors. Malek (1958a) accounted food, oxygen
sunlight and water quality as conditions governing the
sultability of snailé habitats. Berrie (1970) on the
other hand gave, more importance to water temperature

and to factors like organic content and light penetration.

b. Temperature

Bulinus and Biomphalaria species in Hgypt were

found to be tolemant to seasonal variations ranging
from monthly average of 11.4 - 29.G% (Malek, 1958a).

In Kenya Biomphalaria was found to with stand a diurnal

variation of 20% (Vansomeron, 1946), While in Iraq

Bulinus truncatus was found in natural waters ranging

in temperzsture from 8 to 2500° Generally temperatures
of 20 - 5000 are said to be favourable to maintain snails

(Frank 196%; Standen, 1949), but Biomphalaria and Bulinus

species had been found in highland areas of Hthiopia and




Yemen that exjyerience temperatures as low as 6% (Ayad,1956).
Hibernating or aestivating snails are more resistant to
extremes of temperatures (Hubendick, 1958). Often it is said
that continuous moderate variation in temperature is more
seriously limiting to reproduction, egg development and grbwth
than temporary extremes of temperatures (Maldonad et 31.1950;

Sturrock and Sturrock, 1970).

Hish temperature in Eastern and Southern Ethiopia is said
to have acted as barrier preventing B.pfeifferi from coloni-
zing natural waters in areas below 750 m, altitudes, which
are approximately represented by the 20% isotherm (Brown
and Lemma, 1970), Similar observations were made by Berrie
(1970) and Sturrock (1965). fThe latter considered high tem-
perature to have prevented the establishmenf of E‘EEEE&EEEE
along the African coast between 10°S and 10°N. fThese téﬁpe—
rature effects seem to extend up to 16°N in the lowlands of
Ethiopia where the rainshadow, produced by the highlands
results in a particularly dry and hot climate. Vebbe (1962)
noted temperature hizgher than 25% forms a barrier for
B.pfeifferi in Bast African coastal areas. Sturrock (1966)
considered that temperature of 27 - 5100 accounted for the
absence of snails in the coastal plains of Tanzénia, plains
of Mozambique and Kenya, around the Red Sea and on the west

coast of Africa. Biomphalaria species are relatively more

sensitive to higher temperatures than Bulinus spp. The
latter survive after exposure to 40° while the formef die

immediately at the same temperature (Gordon et al.,, 1934).




In general, weter temperature is an important environmental
factor which influences the number of snails in a hibitat
by controlling the seasonal pattern of reproduction (Jobin

and Michelson, 1970).

Althouzh most: snails are seen to live within 10 - 3000,
"they have oﬁtimal temperatures for breeding, maximum rate
uf growth, longevity. These optima vary for snails from
different areas. Chernin (1967) Said that regardless of the
initial piacement in the thermal gradient, B.glabrata had a
preference for 27 - 32%, Cowper (1946), Frank (1963) and
Harriéoh'(l968)ihave reported 23+ 1%, 24. 4% and 26% to

be optima for B.pfeifferi, Bulinus globosus showed an in-

increase in growth and maturation rate with temperature in-
crease until 27% while egpg, — laying had its optimum at 2500
(shiff, 1964)., Under laboratory conditions the optimum
temperature for oviposition of B.nfeifferi is between 26 -~
28°%: and the natural increase in population growth per snail
was higheét between 20 -~ 26%. (Harrison and Shiff, 1966;
Shiff and Garnet, 1967; Williams, 1970).

G. ILight

Both: Biomphalaria and Bulinug snails prefer an envio-

rnment in which both sunshine and shade are available (Barluw,
1937 Zakaria, 1955; Watson, 1958). They crawl away from
intense light source to the nearest shade and fail to grow
well in completely shaded areas (Pesigen, 1958). The long
term absence of light suppresses the growth of macrophytic

weeds and the microflora which constitute the feed of snails




and release oxygen as they carry on photosynthesis. Welch
(1952) observed that snails do not grow well in turbid wate:
caused byAdissolVed organic matter or silt, but they do well
in turbid water due to high content of algae, and suggested
that absence of light per.se was not crucial to the growth
of snails. The few habitats 1hat are reported to have main-
tained snails in the dark must have had food and oxygen
carried from light exposed surfaces. Even then they become
smaller and paler and more elongated than usual, which i1s

a kind of molluscan ‘' rickets' (WHO, 1957).
d. Water Chemistry

In an attempt to gain a better understanding of the
relationship between dissolved materials and the vector
snails and to develop the ideal conditions for survival of
snails in laboratories the importance of water chemistry has
been stressed by several investigators (Harrison, 1966;
Harrison and Rattary, 1966). The limit of certain cations
and anions and the lethal dose for various species and stages
of snails have been determined. The relative concentration
of cations and anions found in nature, specially in natural
fresh waters when compared to that tolerated by snails in
laboratories, seems to have little significance (Watson,
1950; Helmy, 1953). 1In fact DeMeillon et al., (1958) stated
that chemical composition in natural wafers'does-not play
even a minor part in determining snail habitats but this

has been disproved by later workers like Wiliam. (1970)-




Buléggﬁ and Biomphalaria can tolerate concentration of salts

At o e

up to 1500 ppm and are expected to withstand higher concen-
trations up to 4000 ppm, (Lanoix, 1958). Single salts like.
NaHCO3 and Cat0, are tolerated even above 4000 ppm (Deschiens,

1954) .
e. pH

pH is rarely a factor limiting the distribution of the

snail hosts of Schistosonma, Intermediate hosts of S.mansoni
have been found in natural water bodies in which-pHraﬁéed e
from 4,8 to 9.8 and within thesellimiﬁs variation of ﬁhis
factor seemed to have tno effect .V '-. density of snéii:
population (Vansomeron, 1946; Malek, 1958)3 g;trundatus‘and'g..
adowensis, (B.pfeifferi) have beeﬁ bred in.waters ranging

frum pH 4 to 10 (Deschiens, 1954; WHO, 1957).

Slight variation in pH preference, as in btemperature
are observed among snalls of the same species. In the Sudan,

South Africa and Gambia Biomphalaria pfeifferi were found

only in pH ranges of 6 to 9 but in Brazil B.glabrata sur-
vived in pH 4 to 10 in both the field and laboratory condi-~
tions (Deschiens, 1957). 1In Iraq B.truncatus showed high

mortality below pH 6.3 and pH 7.9 was the upper favourable

limit, Tor Biom?halaria ruppellii, pH 8.3 - 8;7 was said
to be the normal range (WHO, 1957). As Lo (1972) has shown

with Bulinus guerni, snails although fail to propogate, can

éurvive at pH 3 - 5 Dbut become inactive at pH 12 and die

in 5 hrs. High pH, as has been observed with B.glabrata




affects production of elgs. AbL.PH. 7.8 it lowetcd produetion
and the process was completely inhibited at pH 8.2 (Harry
and Aldrich, 1958).

These observations infer the fact that pH is not the

only critical factor that influence the life of snails unless

i is ektremely low or high. Nevertheless, from findings of
Harry et al. (1957), Harry and Aldrich (1958) and Lanoix (1958)
one can safely state that snails can survive over a wide ranue

of pH, with preference to slightly alkaline water (pH 7 - 8).

Calcium

Calcium is one of the essential elements that 1limit the
natural distribution of snails. Besides its role in metabo-
lism and regulation of permeability of tissue, it affects
the growth survivorship, fecundity; fertility of eggs and
repruduction rate of snails (Nduku and Harrison. 1976)1 The
degree’ of vulnerability to low level of calcium however,
varies according to the species. In laboratory experiments
Bulinus (B) tropicus was shown to be restricted tu 5 -~ 40 mg/l
only and B. pfeifferi to 5 - 200 mg/l while Bulinus (Physopsis)

was able to live in O - 200 mg/ 1 calcium (William, 1970)..

In the presence of other cations and anions and bicarbonate .
( 5 - 10 ng/1 ), as a buffer B. pfeifferi survived'inﬂwater
with 2 mg/l calcium, where as for the population to thrive

2 minimum of 4 mg/l calcium was required (Nduku and Harrison,

1976).




In natural water 5 mg/l calcium has been shown to be
criticel for the survival of snails. B. pfeifferi in
nature 1s confined to waters with calcium content
of at least 5 mg/l (Harrison, 1965 and William, 1970).
The former infact reported that he was unable to find
aquatic snails of any species. On the other hand Malek
(1958a) found an endemic area of 3. mansopi with abundant

vector snails at concentrations 5.7 - 8.5 ppu.

At higher concentrations clacium seems to have a-
deliterous effect on the biology of snails., Frank (1963)

showed that B, pfeifferi grew much faster, deposited more

egegs and survived longer in aquatic aquaria with 13 ppm;
calcium compared with concentration of 3L ppm. Liang (1973)
pointed its retarting effect on egg laying potential of

bothe Biomphalaria znd Bulinus species. Harkison (1968)

demonstrated its decreasing effect on the metabolic rate

and fecundity of B, pfeifferi.

The effect of low level of calcium is exapgerated when
the relative concentration of other cations specially
magnesium is higher., According to Nduku and Harrison (1976)
the ratio limits beyond which deliterous effects are produced:

Ca: Mg= 0.6 ; Ca: Na = 0.1 and Ca: X = 0,33, The reason
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for the relatively higher sensitivity of snails to the
magnesium ratio is due to its ability to compete with
calcium for absorption sites on exposed surfaces and there-

by disturb the metabolism,

Magnesium

‘Magnesium is required in small gantities for the.snail
and the chlorophyll bearing microflora which form their
food supply. B. truncatus and B.glabrata could tolerate
it at a level as high as 510 ppm. According to Webbe (1962)
and Harry et al. (1957) the optimal concentrations for
Bulinus and Biomphalaria respectively range between 1 - 90 ppm
and 5 - 50 ppm. But when it is disproportionately higher

than the concentratioﬁ of calcium both Biomphalrie and Bulinus

species can not survive (Deschiens, 1957; iSchutte and Frank,
1964)., Harrison and Shiff (1966) failed to get snails of

Biomphalari®& and Bulinus species in streams with 54 ppn

of calcium and 467 ppm. magnesium. Similarly Nduku and
Harrison (1976) showed that the proportion of magnesium to
calcium is more important thon mere quan%ity of mignesium in

defining favourable habitat of snails.

e

e A T N W




- 11 -

h, Bodium and PolLassium

Sodium and Potassium occur in the form of chloride,
sulphate ond carbonate. Their concentration in the water
is important for the survival of snails. When concentration
of podium and potassium are higher than calcium the situation
becomes unfavourable to snails. According to Schutte and
Frank (1964) calcium to sodium, ratio of 0.4 was unfavourable

to Biomphelaria spp. but Nduku and Harrison, (1976) reported

ca: Ma retio 0.1 and Ca: k ratio of 0.33% to be the limit

beyond which deliterious effects could be expected.

i, Reinfall

Meajor seasonal fluctua?ions in snail population density
sccur as a result of rainfall and ecologicul changses brought
by it. In.Egypt snails were found plentiful all the year
round but with two periocds of maximum abundance. These were
at cold seasons with daily temperature maximas of 16°¢ and
24°¢ respectively. The break in the continuity of snail
growth  was considered due to the Nile flood that killed
large number of them and stopped reproduction, at least
temporarily, The presence of B.boissyi in the Nile delta
and the Sudan and its absence frem the whole of upper Egypt
was thought to be due to the sensitivity of the snails %o
water movemant (Helmj} 195%). 1In Iraq, Wabtson (1950; 1951)

observed the confinement of B.truncatus to stagnant viater,

due to its sensitivity to wuter movement. He stated maximum

population growth to be in summers and autumns.




- 12 -

B.globosus in Zambia bred during the two peaks of rain-
falls, Bulinid snails in Tanzania had population maxima and
minima which were directly related to rainfall (Webbe and
ilesengai, 1958). Similar observation with B.pfeifferi was
made in Siera Leone (Gorden et al., 1934), C(Cridland, (1957a;
1958b and 1958) in Uganda and Sodeman (1979) in Liberia have
also shown distinct seasgﬁal fluctuation in population densities.
Cridland (1957a; 1957b) observed an increase in young snails
after the long rains, while Sodeman (1979) observed a decrease
in the population during the wet seasons and an increase during
the dry seasons. This was noted at 62 locations both in Urban

and rural areag,

Behavior and activities are also to some extent affectected
by seasonal climatic cycle. Some snails aestivate when the pools
in which they live dry up, other snails hibernate during the

cold sesagon.

2+ VYector - parasite comatibility

a. General account

Often the desease Transmission pqtential or lack of it
is pointed more strongly towards the snail than towards the
parasite. But it has been demonstrated that it could be due
to interstrain variation in the infectivity towards the snail
hosts (McCullough, 1959; Sauod, 1966; Richard and merril, 1972;

Dawood and Chu, 1973). Berrie (1970) took Bulinus (Physopsis)

species, the intermediate hosts for a Nigerian strain of

Sshoematobium, and exposed them Yo an Hgyptian strain of the

parasite but infection did not take place . On the

other hand, when Bulinus species that was refractory
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to the Nigerian strein of 5. haematobium was exposed to

the Lgyptian strain, 1fect10n was successful, Similarly

Roux (1954) using an Egyptldn strdln of S.haematobium was

ablo no infect Bullnus coulb0151 but Cridland (1957a)

IaLEe P

...........

was unable to 1nfect the Ugandan straln of the same species

of snail with the same Egyptlan strain of S haematobium .

In the Sudan also Bullnus (Bullnus) species and B, (Physopsis)

species occur, but it is only the former species that 1is

susceytible o local g.haematobium infection (Malek, 1958b)

In some areas snailsrgf the same species show different
degrees of susceptibility at different ages. Tor example
in Puerto Rico B. glabrata with three different degrees
of resistance were found. One group was suscepbtible at all
ages while the other was susceptible only at juvenile and
the third one was refractory at all ages (Richard and Merril,
1972), Complex of genetic factors whose expression could

vary in degree are involved. Biomphalaria glabrata from

3alvador (Brazil), which was continuously refractory to
infection with many strain of 5. mansoni, on crossing with
susceptible B. glabrata from Puerto Rico, revealed inter-—
nediate degree of susceptibility for Puerto Rican S.mgnsoni
(Wewton, 195%; Newton, 1954), The phenotypic manifestation
of the genotypes governing incompatibility, in the form of
a cellular capsule formed around the developing stages of
the parasite, was also illustrated. Hybrid snails #Rwed a
cellular reaction intermediate between the susceptible parents
and the non-susceptible parents (Cridland, 1968; Richard,
16703 Chi et al., 1971).
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The refractiveness of snails to §.haematobium should

not be considered completly of penetic origin., Sturrock

(1968) has reported that speciemens of Bulinus nasutus

productus collected in the field and those bred in the
laboratory portrayed differences in their susceptibility

to S.haematobium. It has been suggested that "unidentified

humoral elements" that may lyse the parasite may exist.

Feng and Canzonier (1970) have also put as evidence of host
humoral response to infection, the guantitative fluctuation

in hemolymph protein fractions of a mullusk parasitized by

a trematode species. Chernin (1970) Bayne et al., (1980)

and Locker et al., (1981) have also shown that haemocytes

for resistant strains were effective in damaging sporocyst.
Locker et al., (1981) showed that the haemocytes contain

large number of lysosomal like bodies and that with the

help of their pseudopodia phagocytize the sporocyst microvilli
and small pieces of the underlying teguments, Resistant snails
are dependent upon the specificity of cytophilic factors present
both in the plasma and haemocytes. Oliver-Ganzalez (1968)
showed that when haemolymph from noninfected snails was injected
into infected mice, it killed and disintegrated products
became toxic to the worm or stimulate immunological reaction
that is not favourable to the worm. In general one can say

that the ability on the part of snails to transimit the disease
is intimately linked to their genetic and physiological cons-—

titution; but its mechanism remains to be elucidated.
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In Bulinus spp. the growth rate is temporarily accele-
rated while the life span is shortened by infection of
parasite (Chu et al., 1966; Lo, 1972). 1Infected snails
were more sterile and hatchability of the eggs was less

than that of uninfected snails.
b. Temperature

Temperature interfers with the life cycle of the parasite
at various stages: egg, miracidium and intramolluscan phase.
The effect it produces is dependent upon the duration of
exposure, VWhen stools containing S. mansoni eggs were kept
for 40 hrs at fluctuating temperatures of 25 —73500 most of
the eggs died; but when theyv were kept for 18-24 hra the eggs
hatched sucoessfully. AL 4°¢ egg hatching was completly
inhibited, but when-returned to optimal hatching temperature
(22 = 25°C) hatching took place and viability of miracidia
did :not seem to be affected (Ingall et al. 1949).

The success of miracidial search and infection of inter-
mediate host is affected by extreme temperatures. Tempera-
tures below 10°C inactivated them and infection of snails
can not take place. Maximum infection is obtained at BOOC
while at 40°¢ they become hyperactive and die soon. (Stirewalt,

19545 DeWitt, 1955; Lo, 1972).

The miracidial transformation to mother and daughter
sporocysts and the cercgrial incubation period is also contro-
1lled by temperature. In East Africa S.mansoni took 50 -~ 68
days at 31.75°C to develop to cerearcae in B.pfeifferi (TFoster,
1964). This confirms Dewitt's (1955) finding at 2% - 28°C
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the cercarial development was completed in 35 - 58 days

while between 26 - 28°C it took 22 - 23°C and at 31 - 33°C

it took only 18 days. Chu et al. (1966a) in Iran and
Schattock et al. (1965) in Southern Africa have noted that
the incubation period for Bulinus was short in warmer seasons
and that it was longest in colder months. With an increase
in temperature the number of cerearise will also increase,

to reach the maximum at the hi.hest tolerated temperatures.
At higher temperatures-the snails become more susceptible

to miracidial penctration.

Low temperature is sald to retard the metabolism of
the parasite as well as that of the host Stirewalt, 19544~

Dewitt, 1955).

The emergence of cercariae from snail hosts could be
forced as often as 3 times a day for 8 - 9 days by application
of appropriate thermal stimuli. As has been determined with
S.mansoni cercariae between 15 ~ 35°¢ the mortality is almost
exclusively a consquence of the aging process (Lowson and
Wilson, 1980). Outside this range, the effects of temperature
begin to cause cercarial mortality. At 10°C cercariae suffer
a high initial rate of mortality suggesting that some of the
cercariae are more tolerant to low temperature or can adapt
to it. The cercariae cannot tolerate teuperatures above
5506 for long time. The optimal temperature for cercarial
penetration, based on the number of adults recovered from
mice, was found to be between 30 - 35°C (Dewitt, 1955). It
was also noted that penetration does not occur at temperatures

over 40°C or below lOOC. Exposure to 32 - 5400 for 8 hrs did
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not affect their activities or life span, but when heated
to 5600 for an hour their mortalily was greater than the

controls.,

c. Light

Lizht plays a major role in cercarial shedding. ©Snails
kept in the dark produced less cercariae (20/day/snail)
compared to those kept in natural light (70/day/snail). But
when they were transferred to the same light conditions, they
produced essentially the same number of cercariae as the
control groups (Kuntz, 1947). (ercarial shedding under
bright light starts in 15 - %0 minutes. 1In moderate light
it needs an hour, but shedding continues in smaller numbers.
even in the dark (McClelland, 1958), The periodicity in
cercarial shedding which corresponds to the light illumination
is also seen in the dark (Barbosa et al., 1954; lcClelland,
1965),Temperature has a supplementary effect is in causing
greater output than light alone but it is relatively of

lesser importance, at least in S.haematobium and 3.mansoni

(McClelland, 1965). Duke (1952) recorded that temperature
served only as a stimulus for shedding and once snails have
started shedding they will continue doing so even if tempe-

rature fell to 1800.

Under altraviolet light the activity of miracidia and
cercariae is impaired within 30 minutes and are killed by

a 45 minutes exposure,
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d. pH

The pH of water affects the survival of miracidia. 1In
a pH range of 7 - 10 miracidia can survive for at least 4 hrs
but above and below this range they die quickly. Miracidia
have a wide tolerance of pH in terms of successeful infection.
bt pH 3 = 5 or pH 12 no miracidial infection of snails occur,
gince they die in a very short period of time. But at pH
6.1, 11% of infection, at pH 6.9 - 8.6 an infection rate of
2% - 38% and at pH 9.4 - 9.6 the highest infection rate (33 - 49%)

were found (Lo, 1972).

Gumble et al. (1957) stated that a pH of 6 - 8 to have
caused high cercarial shedding in Q.nosophora while pH above
8 reduced it. On the other hand Bauman (1979) observed no
cercarial shedding at pH 6.4 - 7 in rain water and only

a few heavily shedding at pH 6.8 -~ 7 in river water.

e. Oxygen

Lack of oxygen causes B.glabrata to cease cercarial
shedding or to shed very small numbers. Snails left for
6 hrs in deoxygenated water, then brought to oxygenated
water produced 50 - 189 cercariae compared to 300 - 800
cercarriae with controls. ihen they were ¥ept for an hour
in deoxygmenated water no difference was observed (Oliver
et al. (1953). The cercariae shed from snails previously
kept under anaerobic enviornment showed no reduction in
infectivity or activity in general but when subjected to

anaerobic conditions after they were shed, they became in-

active and lost their tails., It is apparent that anaerobic
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conditions do not affect intramolluscan cercariae. Parasites
in the snails need oxygen only for synthesis or developmental
purposeg, otherwise they have an alternative mechanism of
regpiration that does not involve the cytochrome system but
links carbohydrate metabolism to energy production. They
can fix 002 and reverse the Krebs cycle to produce succinate

and acetate (835, 1970). Biomphalaria pfeifferi also show

distress when the oxygen tension falls below 75% of saturation

and suffocate when it falls below 10% ( Cowper, 1971).

f. Nutrition

Nutrition affects the host-parasite relationship
(Kendall, 1964), Malek (1958a) found that undernourished
snails harbour fewer parasites and the development of sporo-
cyst is inhibited. The incubation period is elongated and
the snails become less susceptible., This indicates that
the availability of proper type of food is esgential for
the development of parasites. In laboratory culture of
snails fish-meal as a source of food is recomnended to help
parasites develop better (McClelland, 1965; ILiang, 1973).
The fecundity of snails is also directly proportional to
the amount of food in the habitat (Jobin and Michelson,

1967; Berrie, 1969).

g. Haler velocity

Jater velocity of more than 25 cm/ second plays a
negative role in the success of parasites penetration. Webbe

(1965) accounted the low infection rate and low - worm load




- 20 -

in animals exposed to a stream with high cercarial infesta-

tion to be due to high velocity of water. Illustrating his
point further, he said high velocity of water changes cercarial
density per unit volume and influence the contact and penetra-
tion of cercariae. at the velocity below optimun: fewer cercariae
make contact with the exposed animals while at higher velocities
some of these are probably sweptoff. Radke et al. (1965) also
sugzested that cercariae may become fatigued in fast flowing
waler particularly over long disténces, an effect which was

also observed by Webbe (1965). This may be an important factor
» reducing the infectivity of cercariae in fast flowing turbulent
waters. In Webbe's (196%5) experiments the highest infection -
rate and worm loads were obtained at velocities between 0.15-

6 cms/second.

The effect of water velocity on miracidial irfectilon
of snail hostis is different from that of cercarial infections,
Increase in water veloclity enhancesthe effective scanning
capacity of miracidia so that snall hosts may be located and
infected, With 25 miracidia/snail, high infectien rates were
ohtained between 0.5 - 3.5 ft/sec (Webbe, 1966). Miracidia
may show negative rheotropism and be capable of unlimited

directional movement against the flow of water,
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MATERTALS AND METHODS

Description of the study areas

Debre Berhan (Latitude 9° 40'N, Longitude 39° %2'E)

Debre Berhan is a small town 130 kms North of Addis
Ababa (fig. 1) with a population of about 5000. It is
located at an altitude of 2800 m., Human activity is largely
subsistence farming consisting of barley, pea and bean. The
population in the btown receives treated and chlorinated tap
water. But this does not extend beyond the town population.
People _living in the vicinity use river water originating
from the hills. The people from the town come down to the
river sides R.Beresa and R.Dalecha for laundering and watez-
ing cattle.

Evernthough . known foci of schistosomiasis are situatead
about 80 kms sway in Shewa-Robi, Gerbi and Senbetg (Institute
of Pathobiolofy unpublished), schistosomiasis is not endemic
at Debre Berhan.

The veratation consist largely of grasses -and no pre-
dominant trees are found except for the eucalyptﬁs that is

seen in bunches here and there.
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fig. 1. STUDY SITES IN DEBRE BERHAN
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. 200,
Jonji (Latitude 8° 25'N, Longitude 39;T)
In the context of this study Wonji refers to Wonji
2
Jugar Estate. It covers an area of more thsn 120 kn™.

Tt is found 100 kms East of addis Ababa at an altitude of
1550 m (fig. 2)

Water for sugar-cane cultivation is obtained from Awash
river through an irrigation system. The water is applied by
rotation throughout the year except for summer closure, when
the factory is closed for maintenance. Moreover the heavy

summer rain is expected to satisfy the need for irrigation.

The open canals in the irrigation system have created
conditions that are highly favourable to B.pfeifferi, the
snail host of S.mansoni. It has given rise to some dense

growbh of plants consistiﬁg of Commelima polygoneum, Cyperies,

Gamphoeapys spherathis, BSuaveolense gentala and Hypophila

species. These have given the snails the opportunity to
(propopate) actively and disperse themselves thereby in-

creasing the incidense 6f the disease (Kloos and Lemma, 1977).

According to WHO Bilharziasis Advisory Board only 10
cases of schistosomiasis were found in the ares in 1964
(Duncan snd Lemma 1976). They were then considered imported
casess A 1978 report indicated that %2% of plantation workers
were infected with schistosomiasis (Teklehaimanot and Goll,
1978). The incidence of infection among canal and irrigation
workers was about ©60% (Kloos and Lemma, 1979). However survey

made . since 1980 shows that the infection rate has gone up to
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fig. 2. STUDY SITES IN WONJI SUGAR BESTATE




A ]

e e e i

-6 -~

w=zzzamajor road
asestudy site

WA NP WL I v'e T




HE'ZH

87% in some of the camps (Wonji Hospital, Personal Comm.)

fhe snails control unit of Wonji Hospital has 3 staff
members who routinely check for the shails and apply .

molluscicides whenever necessary, .

Sanitalion and water supﬁlies around the camps are poor.
There is a piped water supply but it is inadequate and there-
fore many people continue to use canal water for a wide
variety of purposes. Since the tap water is hard water, canal
water is preferred for laundering. AL times the tap water
stops functioning for weeks and the entire population is

left with no choice bubt to use canal water.

The ifection of snails is maintained by the continued
defecation of the people in areas where snalls are found in
abundance. The camps have latrines but they are not well
kept and hence people refrain from using them, Instead
they go to the nearby plantatioﬂ and defecate, preferably
on the edge of .the canals, This proﬁi@es steady source

of infection.,

Meteorological studies at the two study areas.

Meteorological data for 1980 and 1981 were obtained
from Water Rescurce and Development Authority and the Wonji
Agricultural Research and Weather Service Bureau for Debre
Berhan and wWonji respectively. The records for Debre
Berhan included rainfall, water temperature and water level

fluctuation (only for site 'B'). In addition tio the above
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data relative humidity and evaporation rate were also recorded

for Wonji.

Chemical analysis of water.,

During each field trip, pH and oxygen ténsion of water
were measured on the spots, the pH Wiﬁh Beckman Model 2 pH
meter and the oxygen by Wrinkler titemetric Method. Surface
water samples from R.Beresa and the small canal site 'x' at
Wonjil were brought to the laboratory in Addis Ababa University
and analysis was done in accordance with the procedures given
in "Standard Methods for examination of Water and Waste Water"
Major cations Na™, ¥, ca®™ and Mg++ were determined using an
Atomic Absorntion Spectrophotometer (Model-SP-191, PYE, UNIC)
in the Chemistry Department of Addis Abeba University. TFor
the anions the following methods using Hack's Kit were imple-
mented, Cadmium Reduction Method for Nitrate, Diazotization
Method for Witrogen-dioxide, Nesslers Method for Ammonia,
Heteropoly Blue Method for Silcondioxide and Periodate oxi-
dation Method for Manganese. Kthylene diamine Tetra Acetic
Acid Titrimetric Method for total hardness. Turbidimetric
method for Sulphate and Stannous Chloride Method for Phos-

phate gquantitation were also utilized.

Sampling for snail population,

To obtain gsome knowledge of the seasonal fluctuation
of E.Qfeifferi a geries of ohservations were made in selected

representative habitats. The selection of these habitats
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was based on a reconnalssance survey made in November 1980,

and the gitos chosen were those with highest snail density.

In Debre Berhan five sites A~ were selected (fig. 1).
All sites except Site A, which almost dried in May 1981,
had water throughout the year, In WonJji, two sites (¥ & Y)
were selected from irrigation canals of the sugar estate

fig. 2).

Snail samples were taken using a scoop net of 20 cm
diameter and 1 mm x 1 mm pore Size. Snalls were collected
by scooping for a total of 3 - 6 minutes. Then number of
snails /min/man was determined. All the snails collected
were measured using a vernier caliper and then wére placed
back at the sites of collection. To achieve consistency

of sampling all sampling was done by the same person.

Studies on parasites

Prevalence surveys

Parasitological surveys on students (grade 1-8)
gelected randomly were carried out in both study areas.
4 total of %93 stool samples were Gaken from Wonji of
which 87 were from childrewaround 4 camps. In Debre
Berhan 168 samples were taken and all were from school
children. Vials were distributed with their names &
numbers labelled and faeces in almost all cases were
collected immediately. About -4 gms of faeces were
collected from each and were preserved in 7.5% formalin.

Faeces were examined by direct smear at the spot and later




by Ritches concentration techanique.

Natural infection of snails

For the determination of natural infection rates,
snails were collected from streams, pools irrigation canals
and brought to the A.A.U,., laboratory 200 snailg from each
of the study areas were randomly selected and were checked
for cercarial shedding under 60 watts electric lamp and
iln water temperature of 25~2600. This was done for % weeks
at regular intervals. Tinally they were crushed and the

presence or absence of developing sporocysts was observed.,

Host parasite compotibility.

g hatching

fggs of S.mansoni were obtained from the faeces of
patients from Wonji and Adwa. They were then hatched in
£iltered woter from snall aguaria, as recomended by
Chernin (1972), in Erlenmyer flasks covered with carbon

papers under 60 watts electric lamp.

Laboratory breeding of snailg.

Snails obtained from the various sites were bred in
the laboratory. To get parasite-free snails for suscepti-
bility studies and to determine growth rate differences
under laboratory conditions, snailg obtained from_field were

bred at thé~Biology Department, Addis Ababg University.

Ten B.pfeifferi snalls of the largest size were put in
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distilled water or aged water collected from an artifiecial
pool in the Addis Ababa University as described by Liang
(1973). After a large number of eggs were laid the larger
sizes were selected and put in petridish and were then left
under 40 watts flourescent light for about 8 days. Algae
obtained from an artificial pond were provided to the hatched
snails and were gradually transfered to a bigger plastic
container. In the bigger plastic container they were pro-~
vided with light from the flourescent lamps. Water was
changed by carefully siphoning. Oven-dried lettuce and
ground fish meal were provided with small amount of black-
board chalk, When they started attaching themselves to the
oven—~dried lettuce they were given half cooked lettuce and

gradually raw lettuce,

About % weeks lster 25 snails (1.6 mm diameter) from
each set were transfered into different plastic aquaria
and werc left at room temperature. An equal number were
also left in water bath at 2500. These sets were left for
growth rate study. Measurement of size was taken every
other week using vernier caliper for 16 weeks. The remain-
ing ones were allowed to grow before susceptibility studies

were carried out using them.

Snail exposure

The smnalls used for this purpose were mostly those
bred in the laboratory and were free from parasites. Snails
collected from the study areas were also used after they

were checked for cercarial shedding for 6 weeks. mxposure
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studies were done three times. The first set-up involved
150 snails from Debre Berhan and another 150 fronm Wonji. .
Each of the snails were exposed to 20 miracidia in snail
conditioned water as described by Chernin (1972). Of the
150 snails from Debre Berhan 50 were placed in laboratory
at room temperatures (14 - 21°¢) in Addis abeba University,
50 in an out door aquarium at Wonji (20 - 28°G¢) and the
remaining 50 st site A in Debre Berhan (7 - 23°C). The
snails obtained from Wonji were also divided into three

equal groups end placed as mentioned above,

The snails at site 'A' of Debre Berhan were brought
to the laboratory, Addis Abeba University, after 28 days
while those from Wonji were brought to the laboratory after
%32 days and kept at room temperature. All snails died

16 weeks aiter exposure.

#hen the experiment was done for the second time
an equal number of unexposed snails were added to each
set and were kept only for 4 weeks in the laboratory.
After that the snails were.crushed and the resnlts were

recorded.

The last set of experiments were a replica of the
second experiments except that it involved greater number
of snails. The collection of snails from Debre Berhan
(Site A) was done 58 days after exposure while those from

Wonji aquaria were collected 28 days.later only.
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Statistical tests

Coefficient of correlation between the snail popula-
tion and the meteorological factors and student t-test for
growth rate difference between the snails from the two
study arzas were calculated. In both cases their stasti-
stical sizgnificance at 95% level was tested (Snedecor &

Cochran, 1968).
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RESULTS

Physical factors at study areas.

Debre Berhan

The meteorological data obtained from the Water
Resource and Development Authority are shown in figure 3.
The monthly reinfall for the years 1980 and 1981 was not
uniform., In 1980 all the months except December had rain.
But in 1981 there was nc rain at all in the months of
January, february and June. However in both years there
were two peaks of wet seasons interrupted by relatively
dry months. The wet season that started in March was short
with little rain. The rain between July and September was
heavy reaching 350 mm precipitation / month., During these
three months gbout 1000 mm of rain accountsd *© for more than

80% of the annual rain falls.

The average monthly water temperature rangesd fron
7o~ 2500. In cold seasons the morning water temperature
fell down to 6°C. The mean average for the months fall was
between 14 - 16°C. The water level fluctuation was recorded
only for site B. The water level fluctuations showed diract

relationships to the rainfall.

Fonji

The meteorological data for temperature, rainfall
relative humidity and evaporation rate as recorded by
Wonji Agricultural Research and Wéather Service Bureau

from January 1980 to October 1981 are shown in. figure 4.
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fiz, 3. METEOROLOGICAL DATA AND SNAIL POPULATION

AT DEBRE BERHAN

Rainfall
Number of snails /min/man
Jater temperature

Water level fluctuation at site B
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fig. 4. METEOROLOGICAL DATA AND SNATT

POPULATION AT WONJIL, ESTATEH .

Rainfall
Alr temperature
Snails /min/man,

Rate of evaporation and relative humidity.
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The rainy season as in Debre Berhan consisted of two peaks,
A lizht rain from February to March and a heavy one from
July to September. With the rainfall the relative humidity
rises while the rate of evaporation decreases. The average
air temperature ranges from 13%.2 - 28°¢. The surface water
temperature for most of the year reach 4500 in the middle

of the days.

Chemical analysis of the bodies of water.

The water chemistry for River Beresa as a representative
of the study area for Debre Berhan is shown in Table 1. The
oxygen concentration was between 10 mg/litre and 70 mg/litre
The highest O2 concentration (70 mg/l) was recorded in October
but relatively speaking all the month after July had more
oxygen. The cations concentrations: calcium to magnesium
ratio ranged between 1.8 and 5.9; potassium and sodium were
on the average 4.12 mg/litre and 11.38 mg/litre respectively
while silcon~dioxide was 5.4 mg/litre. The pH ranged from
7.2 - 9,2 and it was above 8 for most of the months in the

year.

The cabions specially calclum and magnesium were more
A% Wonji while pH and oxygen tensiohnat.wonji were less than that
of Debre Berhan (Table 2). The ratio of calcium to
nagnesium was highest in the months of June, 9.7 and least
was in August 1.6, The average potassium and sodium con-
centrations were 14 mg/litre and 125.4 mg/litre respectively
The pH was near neutral while the concentrafion of oxygen

was relatively low ranging from 8 - 19 mg/litre.
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Table 1. Chemical analysis of water

from Debre Berhan Site B (R.Beresa)-

Months | Na £ Ca Mg Mn S0, { Poy No5 No, sloa NH5 pE | Total E Oxygen
1931 ng/l mg/% ng/l mg/l| ng/l | g/lig/l | ng/1] ng/l |ng/l| ng/l ggggness% ug,/1
Janusry | 13.2 | 4.2.{20 9.171 - 1.7 - 1 o.6| 1.05|3.7111.08] 9.2 | s7.6 l 20
 February | 10.7 | 3.7 119 8.721 - 5.510.47) 0.2 | 1.01318.1 {1.28) 7.2 { 8&7.05 1 14
 larch 12.1 | 3.6415.7 [8.47]0.63 | 4.210.89) 0.75| 0.28 {2.03 {c.1sl 7.9 | & 10
| spril 12.4 |u.ziis 6.1 |1.02] - | - - 0.66 |6.88 |0.53| 8.7 | 70 10
oy - 12.1 la.eilis.7 3.2 1 - 2.3 | - - 1.03 6.0 |1.0819.6 | &0 22
| June 11.12 | 3.2{17.3 |7 . 1.5 - - 0.413{1.3 |0.01}8.1 | 80 | a1
 Tuly 10.8 | 5.0318 5.34 | - 7.6 {0.071 - 0.25 [6.88 |0.76 9.3 | 80 | 17
- August 8.5 | 3.7 {13.4 |7.2 10.82 | 5.8 10.96| - 0.6258.3 (0.3 (8.5 | 78 L 50
f September| 10.6 | 4.5 {14.2 }7.93{ 2.81 | 3.5 [0.4410.52 | 1.032{8.1%:10.76 |5.8 | 56 | &0
 October | 12.3 | 4.8 116.51 |7.5 {0.54 | 7.6 {0.01%0.71 | 0.11 2.7 {0.32 {8.2 | €3 70
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. 2. Chenical analysis of water samples_

from quj; sitgﬂ'Xf,

e . - -
BT A B T RO A A AN e e

Mn so,.| Po NO NO 8.0 NH Total
vo/L| o] 81 | men| men | we/ e vyt B
+5 [1.35] 5.8| 0.96 - - 15.63) - 7.1 128 10
39 .e2| 2.1 - - 0455 71.250 1.53) 7.4 92 13
29 [1.89} 1.2] 0.67 |.0.33 | 0.2145] 21.25| 3.05| 7.3 110 12
1.62| 4.5 - 0.27 | 0.223 | 15.83] ©c.92| 7.7 100 19
9 6.751 6.6} 0.05| - 0.106 | 15.0 | 3.97| 7.5 175 8
32 2.7 1.1 - |0.026 - 26:25( 3.171 7.2 95 9.2
71 {1.82] 1.2| 0.09]{0.08 | 0.495 | 11.25] 1.93| 7.5 11.2 8.8
55 |1.081 1.2| 0.179 - 0.62 98.0 | 1.2 | 7.2 200 6.7
5 - 5.0l 0.139. - 0.27 30.0 | 2.931 7.1 260 6.7
12 | - z.00 0.238] - 0.2 19 1.3 | 7.3 204 8.4
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Snaill population dynamics.

The population of B.pfeifferi for the 12 consecutive
months (November 1980 to October 1981) after computation
for one man per minute collection are tabulated in Table
% - 7 for Debre Berhan snails. As shown in Table %, no
snail of less than % mm size was collected from site A
throughout the study period. November to February and
April to June were the months that had relatively higher
number of snoils. More than 50% of the snails obtained
during these months consisted of © -~ 10 mn size. The

highest count was in May that was 55 per minute/man.

The dry months from December to February were months
that had less number of snails at site B (Table 4). In
April it showed a leap from 54 to 95 per minute count and
in the months that followed the July rain, it grew from
52 to 489, Relatively younger snails appeared in higher

number following the rains,

Like the other two sites, site ¢ had a decrease in
population from November 1980 to Tebruary 1981 (Table 5).
In March topether with the rainfall it started to grow and
showed a small peak of 44 per minute count. There was a-

fluctuation every month after that.

In November 1980 only 8 snails were collected from’
site D in one minute (Table 6). In the following two
months snails were not found; however, in Tebruary and

March 50 and 72 snails respectively were collected. Of
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Table 3, Monthly collection of B.pfeifferi
at site A, Debre Berhan.

L.

Months Lﬁo. of snails in each size croup in mm|  pogal No
» 610 6.9 I5_5.9 5 of snails
1980 -
November 2 12 8 o . 0 22
December 0 | 20 10 1 0 Al
1981
January 4 5 9 O O 17
February 0 9 0 1 5 0 14
March 0 0 1 0 0 1
April 9 9 17 10 0 45
May 5 19 28 5 0 05
June 8 2 1 O 0 11
July 0 O O O O 0
August 0 0 2 0 0 2
September 0 O 0 O 0 0
Octooner. 0 O 0 O 0 0




Table 4, Monthly collection of B.pfeifferi
at site B, Debre Berhan,
Months Mo. of snailsg in each size group in mm Total No
10 8-10 6-7.9 5-5.9 3 of
snails
1999
November 10 69 45 18 4 146
December 0 0 2 0 5 v
1981
January 0 0] 0 0 2 2
February 0 2 0 0 O 2
March 29 18 2 5 0 54
April 25 u 19 1 3 95
May 26 14 0 0 3 43
June 11 24 18 11 5 69
July 21 15 4 ? 52
August 0 54 31 26 22 133
September 8% 128 30 12 ) 165
October 21 181 112 81 3 398




Table 5.

Monthly collection of B.pfeifferi

- 45 -

at site C,

Debre Berhan.

Months No, of snalls in each sige group in mm Total No.
10 | 810 | 6-7.9 | 3-5.9 | 3 s
1980
November 27 50 3l 8 9 128
December 16 43 19 2 2 82
1981
January 1 1 3 8 0 1%
TFebruary 0 J 0 1 1 2
March 0 5 7 5 2 17
April 15 18 1 10 0 44
May o 1% 8 J 0 21
June 11 28 13 5 2 57
July 4 4 0 0 0 8
August. 6 15 28 0 56
September A O 0 4 0 7
October 18 0 8 1 0 27
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Table €, Monthly collection of B.pfeifferi
at site D, Debre Berhan.
Months l No, of snails in each size group in mm Totgl No.
0
10 8-10 6-7.9 %-5.9 % snails
1980
November 0 3 0 0 8
December 0 0 O 0 0 0
1981
January 0 0 0 0 0 0
February 37 13 0 0 0 50
March 41 22 5 3 1 72
April 1 0 ¢ % 1
May 0 0 0 0 0 O
June 5 0 0 O 0 5
July 21 27 28 10 0 86
Auvgust. 15 22 7 14 0 58
September 3 20 S 0 0 29
October ) 17 27 15 ) 65
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Table 7. Monthly collection of B.pfeifferi
at site E, Debre Berhan.
—
Months G-No. of snails in each size group in mn Totg% No.
10 8-10 6-7.9 A2-5.9 ) snails

1980
November O O 4 0 2 6
December 0 5 % 0 1 9

1981
January O 0 0 0 pad 2
February O 0 0 1 0 1
March 31 44 22 4 4 105
April 59 51 10 20 3 12%
May 16 5 O O 28
June 24 2 0 0 35
July 30 59 a5 7 8 129
August 14 82 53 19 8 1/e
September 1% % 13 ) 37
Octeber O 11 2l 4 1 37
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Table 8. Total number of B.pfeifferi collected from the
five sites at Debre Berhan in one minute.
Ho. of snails inreach size group in mm Total
Months _ No. of
10 8-10 6= 3-5 3 "snails
1980
November A9 134 96 26 15 310
Dacember 16 68 A} A 8 129
1981
January 4 6 12 8 4 A4
February 27 24 0 2 4 69
March 101 89 %7 15 2 249
April &7 125 56 35 7 312
May 16 o2 41 5 3 127
June 44 78 A4 14 7 177
July &0 9l 88 21 15 275
August A8 14 106 87 A0 425
September 102 87 149 21 g ' 238
Octeber 45 209 168 101 4 527
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the collected snails only a few were less than 8 nm in
diameter. Again in April, May and June the collection
count was found to be between 0 - 5 /min/man. In July and
August the count went high up to 86 and 58 respectively.
Snails, although few in number;were present from September
through October. It was from July onwards that spnails of

less than 8 mm appeared in good numbers,

Site KB had a few snails in the months of November and
December (1980) -~ January and February (1981). 1In March
and April the count per minute was 105 znd 123 respéctively. A1l
size grdbups were repredented in theas gounts. In My “amd June
the number decreased and there were no snails of less than
6 nm diameter. The snail population grew to 129 in July
and 176 in August. 1In &ach month Septerdber & -Octobés 3P M
snails were. collected. All the 4 months starting from July
had all size groups but higher numbers were found in size

groups more than 6 mm diameter (Tabl: 7).

The btotal number of snails from one minute collections
at the five study sites representing the area is shown in
Table 8. The general tendency of the snail population in
almost all size groups was that their number decreased from
November (1980) to February (1981). In March and April it
showed a peak and declined in May and June. Starting from
Jﬁly there was an ascent that continued until the end of

the work in October.




- 50 -

Table 9. Monthly collection of B.pfeifferi

at site X, VWonji.

Menths | No. o? snails in each size group in mﬁ ggtiiagig
10 8-10 6-7.9 __|3-5.9 2
1980
November & 8 1 27 13 57
December A 1 9 0 2 16
1981
January 12 % 9 28 @] 52
February 9 12 1 6 4 32
March 9 4 18 8 0] 48
April 9 7 4 1% p) 58
May 3 o 6 4 8 21
June 9 19 10 S 15 o7
lruly 6 15 2 7 p) 55
August 4 3 6 15 1 29
September 13 5 5 7 6 26
October 6 11 4 5 8 2
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Table 10. Monthly collection of B.pfeifferi at

site Y, Wonji.

Months No. of snails in each size group in mm Total No.
T — -y . of snails
10mm 8-10mm} 6-7.9 mm|3-5,9 mm | 3 mm

1980

November 17 29 10 14 3 75

December 7 29 6 2% 0 65
1981

January 18 32 25 L 0 89

February 17 A ’ 4 0 26

March 16 4 0 0 0 220

April 2 0 0 0 0 0

May 2 16 10 18 8 54

June 8 3% 18 6 0 SY

July 13 H 2 3 1 25

August. © 1 1 ¢ @ 8

September 2 0 0 0 0 2

October 5 4 2 0 ) 11
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Monthly collection of B.pfeifferi from the

two sites X, and Y at Wonji.

Months No. of snails in each size group in mnm Total Nc.
10 8-10 6-7.9 3-5.9 3 of snailg
1980
November 25 37 11 41 17 130
December 10 20 15 51 O 117
1981
January A0 A5 34 42 0 141
February 26 15 % 10 4 58
March 25 7 18 8 0 58
April 11 7 4 1% 5 40
ay 5 16 16 22 16 75
June 17 52 28 12 1% 122
puly 19 21 4 10 6 50
August 10 4 7 15 L 37
September 15 5 5 Y 6 58
Detober 1l 15 6 5 8 45
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The snail population at Wonji sites X and Y are .
tabulated (Table 9 and 10). Table 1l shows the total per
ninute counts from the two study sites. As is shown in
Table 9, the variation in the total number of snails was
not so great, however the dominant size group varied gquite
considerably. In November 1980, for example 70% of the
collected samples were less than © mm while in December
81% of them were more than 6 mm in diameter. Site 'Y
was a big canel with larger size and denser vegetation
than Site 'X's. The snail population showed a marked
decrease in the months of April, July and September, This
decrease was also noticable to a certain extent in the
months of January, February , July and October. Compared
to other months it had the largest population was observed

in November.

Correlation of snail population and meteorological factors

The correlation of snail population to meteorological
factors for Debre Berhan and Wonji are shown in Table 12
and 1% respectively. In Wonji rainfall is negabively
correlated with population size while evaporation rate
is possetively correlated to the éaﬁe. In Debre Berhan these
foetors correlnted to the wotal number of sncils butiin site

D and B they are bossitively correlated to rainfall.

Incidence of intestinal parasites at Wonji and Debre Berhan

In Wonji out of %06 school children 45 (14.7%) and

out. of 87 volountiers from the camps 41 (47.1%) were positive




for S.mansoni. On the contrary none of the 168 school

children in Debre Berhan were found infected with S.mansoni.

Natural infection of snails

The natural infection of snails in WonJji & Debre Berhan
is shown in Table 15. In both cases 200 snails were crushed

and those bearing S.wansoni cercariae were recorded,

Host-parasite compatibility

In the first exposure se up (Table 1% only 4 snails were
found shedding cercariae and they were all from Wonji. In the
second setup (Table 16) shedding snails were found from both
Debre Berhan and Wonji. Wonji snails shed in the laboratory
of Addis Ababa University and at Wonji aquaria while those
of Debre Berhan shed only at Debre Berhan. 1In all cases they
were proved to be S.mansoni on animal exposition. Those that
had the parasite at the sporocyst stages are also shown together
with the shedding ones. There were 12 Wonji snails and 8 Debre
Berhan snails in the Debre Berhan sets and 8 Wonji snails and

5 Debre Berhan snails in the Wonji sets.

In the last set up (Table 17 -~ 20) snails from both
arcas were found positive for the parasite,EG% of Wonji and
37% of Debre Berhan snailsyfrom the survivors were found
shedding cercariae 58 days later after exposure al Debre
Berhan (Table 17. At Wondi 289% and %9% of the Wonji and
Debre Berhan snails respectively again from the surrivors
were shedding cercariae (Table 18).Tables 19 and 20 indicate
the number of snails found positive for the parasite at
room temperature and 233100 after exposure to different doss
of nmiracidia. The last two Tables 21 and 22 show growth rate

differences at room and 25+ 1% temperatures respectively,
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Table 12. Correlation of snail ponpulation to
meteorclogical fzactors in Lebre Rerhan.

Nc. of snails at each site Neteorcloiical factors.
% = ; Mo “T
Honths A B o D B ! ;g”:ﬁa§§é Rainfal | Mean water | Relative
] ' (mm) temp.(C) | humidity (%)

1980
November 02 146 128 8 6 210 2P 15.9 52
December 31 7 %2 0 g 129 0 16.8 53

1981
January 17 2 i3 O 2 A4 0 16.1 72
February 14 2 2 50 1 69 C 15.15 B3
March 1 54 17 72 10% 249 180 15.5 58
April 45 g5 44 5 12% 312 20 1e.6 57
Moy 55 23 21 0 28 127 22 15.0 64
June 11 69 57 5 %5 177 10 14,7 76
July C 52 8 86 129 275 260 1%.2 79
August g 1%3 56 58 176 425 158 15.0 72
September 0 165 7 29 37 2%6 48 1€.0 S
October 0 %98 27 65 37 527 C 16.1 46

r—- Rainfall ~0.47 -0.09 -0,17 +0.75 +7.76 +0.28
r-M.wibt.tamp +0.3  +0.11  +0.04  -0.43  -0.44  -0.10

r- R.E? -0.07 =0.82 -0.20 -0.03% +0.28 -C.41
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Correlation of snail population to meteorological
factors in wonji.

Jo. of snalils at each sits leteorological factors.
Months X Y| Total No. of| Rainfall lear Temp.(°C) |Mean humidity | Zvap. rate
snails in mm
1980

Novembar =7 73 130 0 21.1 45,3 8.1
December le 65 117 0 20.8 42.8 7.6
1 3981

January 52 89 1431 0 19.6 45,5 8.2
February %2 26 58 64 2.2 39.5 7.15
March 38 20 58 118 22.5 42.5 5.8,
spril 38 2 40 82 22.9 49.0 6.6
May 21 54 8 8. 22,6 45.5 8.0
June 57 65 122 4 25,7 47,0 8.6
July 35 25 50 276 24.8 43,0 ©e %
August 29 8 A7 288 22.5 52.5 5.9
Sertember 1e) 2 Ny 154 21.6 54,0 5,9
October 24 11 45 0 2Ll 4 532.5 5.8
r— Rainfall -0,22 -0.01 -0.65

r~ Temp. -0.06 -0, 42 -0.44

Tr— R.H -0.13% ~0.535 -0 .47

T— Bvap. rete +0.37 40,90  +0.8Y
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‘able 14. Natural infection rate of B.pfeifferi
Debre Berhan and Wonji
1980 1981
Nov. Dec.{Jan. Feb, Mar. Apr: .. May. June. July. Aug Sept. Oct.
L
0 0] 0 0 0 0 0 0 ¢ 0 0 0
4 0 2 5 O 8 17 0 48 60 88 14
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Table 15. Comparative suscepbtibility of B.pfeifferi

pemen. o s

from Wonji and Debre Berhan for Adwa strain of

Semansoni.
Experimental No. of snails} No. of snails No. of snails
sets - at exposed alive after shedding during

28 days | 32 days| 16 weeks of

observation.
Out -~ door 50W 13 4

aguaria
(Wenji) 50D/B 0 n
Site A 50W iy ¢
Debre Berhan
50D /B 24 0
.lCLvoU
Laboratory 50W 39 0
500 /B 21 0
Key.

I, W= Vonji snails

2. D/B:

Debre Berhan snails.,




_.59....

Table 16, Comparative susceptibility of B.pfeifferi
from Wonji and Debre Berhan for Adwa strain
- of H.mansoni.
Bxperimental|No. of No. of No. of No. of |No. of snails|Total
soets-at gnails [miraci- | snails snails jposibive by -{no. of
exposed |dia per | found sheddingldtigsection positlve
snail alive cercaria snails
28-%2
days
504 20 4o 2 8 10
Wongi 500/c 0 47 0 0 0
50D/8 20 13 0 5 O
500 /Be 0 Al 0 O O
50.7 20 37 0 12 12
50%c 0 26 0 0 0
Debre 50D/B 20 37 2 8 10
Berhan 50D/Be 0 4p 0 0 0
50 ¥ 20 18 3 0 5
50vlc 0 %0 0 0 0]
Laboratory 50D /B o0 5 0 0 0
50D/Be O 22 O C 0]
Key. 1. % = Wonji snails
2., W¥e¢ = VWonJdi snails control
2. D/B = Debre Berhan snails
4, D/Bc = Debre Berhan snails control.
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Table 17, Comparative susceptibility of E-Eﬁﬁiﬁﬁﬁf&
from Wonji and Debre Berhan for Wonji
strain of S.mansoni, at Debre Berhan.

{
Snails No. of Wo. of No. of Shedding
from miracidia snails snails snails from
per snail |{kept in |alive survivors
group 58 dayslater
X Nunber | %
aguaria
Wenji | Bxposed 20 100 26 7 26
Controls 0 100 4 0 0
Debre Exposed 20 100 19 3 37
Berhan
Controls 0 100 19 0 O
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Table 18. Comparative susceptibility of B.pfeifferi
from WonJji and Debre Berhan for Vonji
strain of J.mansoni at Wonji.

Snails No. of No., of No. ¢f Shedding
frem niracidia snails snails snalls from
per snail {kept in{ alive ~ Isurvivors
grovnd | 28 days later Ne.i %
aquaria
Wonji | Exposed 20 100 A7 11 29
Controls 0 100 48 - -
Debre Exposed 20 150 13 4 59
Berhan
Controls O 150 7 - -
|
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Table 19. Fxposure of B.pfeifferi from Debre Berhan
to different number of S.mangoni miracidia
under different temprature.
Shails . Tempe- | No. of |Star- No. of snails alive No.of
‘ from rature| miraci-{ting No., | _ snails
OG dia per|of snails e N 6 8 10 besring
: Sna_ll Weeks| WWeeks [Weeks [Hecks| ieekh zggigﬁ
1 5 50 45 18 O 0 0 0
10 50 3% 9 0 0 0 0
14-20% |15 50 ag | 40 19 z 3 1
L
Debre 0 50 40 o j3L |7 7 0
Berhan -
5 60 18 9 9 6 6 2
2%-1% 10 60 50 50 4% |23 2 1
15 60 47 19 4 4 & 2
0 60 51 21 17 2 2 X

|

A
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Table 20. Exposure of B.pfeifferi from Wonji to different
number of S.mansoni miracidia under different
temprature,

T
Snails Tempra-| flo. of {Star- Ne.;of snails alive No.of
from ture miraci-}ting No. 5" m 6 8 10 snaills
dia per}of snails bearing
snail Weeks| Weeks |Weeks |[Weeks Wﬁﬁ5p0r0~
cysts
5 50 Hy 26 8 5 2 2
10 50 . 50 51 24 16 141 12
14-21%% 15 50 50 18 12 9 % 2
0 50 48 41 35 31 16 0
Won,jl -
5 60 60 Se 156 22 32 1%
10 60 51 27 {12 8 6 6
23+ 1%¢ | 15 60 22 | 23 P21 21 18| 16
0 60 54 5% 2 40 A 0
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l., Growth of laboratory bred B.pfeifferi fron

Table 2
: Wonji and Debre Berhan at room temperature
(14-21%) .
Snails Time in weeks ' _Istatistical
significaznce
from 2 4 6 8 10 12 14 16 t-test at 5% proba-
bility
Debre [1.612.95 |4.4614.8 |4.86 |5.12 15,44 |4.,66 4,564,221
Berhan 1.%9-1.64
not signi-
: ficant
Wonji [1.61(2,9% 5,17 |4.88 4.99 5.29 5.7§4 5.84 = 0.6




- 65 -

Table 22, Growth of laboratory bred B.pfeifferi in the
laboraroty (23+ 1°¢) from Wonji and Debre Berhan.
Snails Time in weeks f Statistical
frem ; signifi-~
- ! cance at 5%
| 2 4 | 6 8 (10 | 12 | 14 | 16 t-test | probability
Debre (1.6{3,05] 4,715.58|5.9[6.08]6.49} 6.8 |5.00875-5.025
Berhan 1.78-1,82131
Wonii 1.613.54 14,46 5,48 5.1316.54 16.46]6.86 ) ot
= 0,406  not
signi-
ficant
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DISCUBSION

The influence of rainfall on the snail population varied
depending on the topography, water volume, quantity of vegltsa-
tion of the particular sites. Except for 1 or 2 months oflthe
year, both juveniles and adults of B.pfeifferi were present
in all of the study sites., During high floods the snails
accumulated in microhabitats of the stream, such as still
water at the edges of the streams or small ponds associated
with them, Pimilar effects of rainfall has also been reported
from studies in Uganda, Zambia and Sirra Leone where snails
bred rapidly after the rain increasing their populatien te
a significantly higher number. (Cridland, 195%a; Cridland,
158). However in Iraq and the Sudan the rain created floods
and lowered the temperature of the water thus producing a
deliterious effect on the snail population(Archibald, 1933;
Watson, 1951; Watson 1958,

The five study sites at Debre Berhan received about
the same amount of rain, but the effect on the snail population
varied significantly. The small rain in March was beneficial
te population growth in sites B, C, D, and K. However the
March rain created heavy .flooding in site A due te its topo-
graphic nature. Hence the population alsmost disappeared in
March., In the months that followed April and May, site D
did not show a rise while all the rest showed an increase

in the number of snails until the next rain in July. The
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population increase after the rain was possibly due to the
increase 1in food supply and better protectién offered by
the growth of agquatic vegitations., In site A for example
it was after the rain that young snails of less than 6 mm

size apneared in large numberg suggesting those months to

be the breeding season.

The effect of heavy rain in July was quite different
at site 'A'., The flood completly cleared all emergent and
floating vegetatiion together with snails and the snails
could not reestablish themselves until the end of October,
198L., Sites B and ¢ showed slight reduction in snail
pepulation density in July but in the former the snail
pepulation reached its maximum in October; in the later,
howevet, the snail poﬁulation density Jluctuated until
October. This could be because the small pools associated
with it acted as an ideal breeding sites and with the rain-
fall they intermittently released their collections into
the stream. 1n sites D and B where aquatic vegitation a
bound ™ similar patterns of snail population density increase
were’observed. Both were most affected in the dry months of
November through January. The heavy rain in July like that
of the small rain in March raised the population density.
This increase in population density during heavy down pour
of rain could be that the gudden rise in the level of water
in the streams brought down snails from ponds up stream to

the study sites.




- 68 -

From the present study of snall population density
the absence of snail is in no way a factor inhibiting disease
transmission at Debre Berhan., There is in general a decrease
in snail population density in dry months, With slight
decrease at the begining, the tendency is to increase in the
rainy month (Table 7). This could hardly be attributed to

the hinderance for the establishment of schistosomiasis.

In Wonji, sites X and Y had similar pattern of population
density with peaks in November, 1980; January, May and June
1981 (fig.%4). There was a decrease in the snail population.
In February , liarch and April 1981. It could be attributed
to the increased flow of water due to the rainfall whieh
washed away the snails, but from July to Qctober each site
was independently influenced by the rainfall. During these
months due to the blockage of water supply from the reservoirs
site X was drying. Site Y on the other hand experienced high
flood after each rain because it was a secondary drainage.
However the rainy seasons were not favourable to population

increase,

At the time when the snail population were observed
in both sites there was a high rate of evaporation and very
small relative humidity. Both are factors associated with
rainfall and heat. This might need further confirmation
by a wide range of observations but if the correlation holds
true these parameters can serve as indices for the population

growth pattern in Wonji. Barbosa and Oliver (1958) have shown
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that weight loss and survival of the snails were dependent
on relative humidity. A decrease in relative humidity
resulted in loss of weipght and hijher death rate, there by

decreasing total snail populatiion.

The heavy rain is relatively important for transmission
ol the discase. In fact it provides a likely explanation
of the larger changes in infection rates in August, September
and QOctober (Table, 14). The infection rate in these months
was as high as 42% which when compared to other months is
very high, Rainfall might increase the infection rate of
snails in two ways. Firstly due to the closure of the water
supply the canals dry. This will concentrate the snails in
their residual pools here and there. The increase scarcity
8f water during this months people will be forced te have
cleser dontanct with the water, there by increasing the
infection rate in the snails population. Secondly, practi-
cally always a small rain now and then through washing of the
faeces deposited on the bank provides more opportunity for
miracidia to come in contact with the snails before they dry
ups This has been shown by many workers for both S.mansoni

and S.haematobiun (Gisman , 1954 ; McCullough, 1959; Wright

and Bennet, 1967; Cridland, 1970; Basch, 1975). Cridland(1970)
ebserved infection rates in snails ranging from 0-100% depen-
ding on the strain of S.mansoni. The resson for these varia-

tions in unknown. Interspecific differences between vectors
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in regard to physiological factors that determine the
development of the parasites in the snails have been infected,
In Bulinus species group chromosome numbers differences had

been accounted for difference in susceptibility. These have

been useful in predicting susceptibility to S.haematobium

infection, but in Biomphalaria species chromosome counts

were not useful because they all have the same number of
chromosomes (Natarajan et al., 1965). In this study except
that there was a slight increase in the growth rate of Wonji

snails,nothing significant in these terms was observed. |

Snail exposure studies showed that Debre Berhan snails
were not less susceptible than Wunji snails. Thus the .-
abscence of endemicity in Debre Berhan could not be due to di

difference in the snail types.

The infection rate of snails to different numbers of
miracidia in the laboratory both at room temperatures (14—2100)
and 23+ 1°C did not reflect the effect of the number of mira-
cidia they were exposed to., The probability for the snails
to be infected increases with the numbers of miracidia
(standen, 1952), but snails do not absorb more than one or
two miracidia at a single exposure (Chu et al., 1966; Lo,

1972).

The average of the daily minima and maxima in Debre
Berhan varied frem 7—2500 while in WonJji it varied from
15.2*2800. In Wonji the temperature is optimal for the

growth of both the snails and the parasite. ZIxcept for
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December 1980, the average in Wonji was above 20°c¢.  As
3hiff (1964) has noted, at 2500 snails produced eggs at
higher rate and could regenerate their population rapidly.
Had it not been for the continuous mixing of the water

in the cenal, the high temperature (40°¢) attained by
surface water normally at fhe middle of the day would have
heen dangerous %o both parasite and the snails. That is
‘?E%dfdingjto Berrie (1970) highest tolerable temperature
for B.pfeifferi is bebtween 28 - 30°C. A mean maximum tempe-
rature of 28.6°C in lower and middle Awash is sald to be
inimicel to B.pfeifferi (Meskel et al., 1980). Bxposure

of snails te high temperature result in high death rates
(Gorden et al., 19%4; DeWitt, 1955). This does not appear
to be the case for snails found in the canals at Wonji.
Moreover the snails and miracidia are capable of choosing
sultable temperature. This together with the poor sanitary

candition of the area will keep it as foci for the maintenance

of the disesase,

In Debre Berhan the relatively low temperature encoun-
tered during certain months (fig.%) does not appear to act
as an zbsolute barrier +to the transmission of the disease
but it may make the establishment of the parasite more
difficult. As Purnell (1966) has shown, low temperature
reduces both miracicdial and cerearial activity and causes
them to sink to the bottom. Snails also wilbhdraw inte their
shells during cold seasons making it difficult for the mira-

cidia to find the snail host. =Zxposure of snails to miracidia

s




at 10°C for one minute did not result in a single infection
(DeWitt, 1955). @With increased temperature condition become
more favourable for contact between miracidia and the snails s
Standen (1952) and Stirewalt (1954) have put a minimum tempe-
rature of 2% - 26°C to be the requirement for sporcyst deve-
lopment of parasite and an inverse variation in the incubation
period for development upto cercarial shedding with temperature .
Foster (1964) and Chu et al,, (1966d) have also shown that the

potential of miracidia of S.haematobium to infect snails was

eptimal in temperature ranges between 20 -~ 5000, Nevertheless
infection occured in temperatures as low as 8°c¢. 1In fact the
lengevity of miracidia increased in cold water. Fain (1963)
also conducted an experiment in the Congo, where he exposed
snails to S.mansoni in the laboratory at temperature varying
between 17 — 24°C and left them at 16 - 17°C and found them
shedding cercariae 40 days later. Gumble et al., (1957)
werking on g.nosoghofa and Bauman, 1979 on Q.guadrasi have
also shown that within the range of snail activity (12-5006)
the parasite completes its life cycle although increase of
cercarial out put was observed with temperature increase.
Bggs could be kept alive at 4°¢ for long time (Ingall et al.,
1949)-

From the above, it is not surprising that one finds
shedding snails in Debre Berhan that experience a mean water
temperature range of 7 -~ 23°¢. It should be noted however

that temperature reduces snail infection rate and prolonges
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the time for sporocyst development. This is reflected in the

present work too (Tables 17 and 18).

Thus the reason for the absence of the disease in Debre
Berhan could be due to the presence of only a few people
infected in the area which mizht have kept the infection rate
below criticel level., MacDonald (196Q), discussing the concept
ef critical level, said that a certain level of parasite density
must be reached both in humans and snails before a reasonable
chance of perpetuation exists., In Debre Berhan parasitological
survey made in the elementary school out of 168 examined there
was not a single infection of S.mansoni. Thus, in order to
get to the thresheld value, the degree of pollution and water
contact, dally average egg ouﬁput;etb must attain a higher
level, The location of the town which is high upon the pla-
tveau and far from the rivers reduce the chance of faccal
contamination. Wevertheless environmental modifications
such as installation of jrrigation system could change the
sltuation and make it more favourable for the establishment

of schistosoliasisg,.
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CONCLUSIONS

Snails are found all year round in Debre Berhan area
although their numbers fluctuated differently in each
study site. The great variatiean in the seasonal fluc-
tuation of population among the five sites was due to
difference in their topography, quantity of vegetation
water volume, and flow rate. Population size per se

does not seem to be the faclor for lack of transmigsion.

Specices from Debre Berhan are equally susceptible to

infecion as those from Wonji.

Température, water chemistry, pH, oxygen tension and
rainfall were studied and none of them appeared to be

a deciding factor for the abscnce of the.disease trans-
mission., Lower temperature prolonged the incubation

period but was not a barricr,

By far the amount of rainfall was the most important
factor affecting the snail population size. Floods
after the rain washed away the snails, but the popula-

tion built up in the succeeding months.

The supply, of piped water the leng distance far from
the town to the rivers and the lack of infected people
appear to have not favourasd the ,establishment of the

disease ot present.

The B.pfeifferi from Debre Berhan appear to have the sanme

potential of discase btransmision as those obtained from

Wongjie
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