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Abstract 

The region of Debre Berhan, ~vherEj s~~i:SPPs0lil,ia.Si:s: is ' 

not endemic, Vias compared with a' well 'es'Gabli'shed 'fo'clls 'of 

§,.mansoni, vlonji , with regard to climate, snail habitat s 

and snail differences in susceptibility and growth rate. 

In general rain and changes associated with it have influqnce 

on the snail yopulation but this does not account for the 

lack of endemic schistosomiasis. Snails from both areas 

were equally susceptible to infection with §.mansoni. The 

low mean temperature in Debre Berhan increased the incubation 

period of the parasite. Mortality rate of Debre Berhan snails 
, 

was higher than th~£e of wonji snails while the growth rate 

was vice verSI1. 

Despite the relatively unfavourable conditions, the 

possibility of introduction of schistosomiasis to Debre 

Berhan as a result of environmental modifications that may 

bring changes in human activities can not be discounted. 



ii 

" : 

I would like to express my sincere thank to my advisors 

Drs; C.T.Lo and Shibru Tedla for their guidGIlce and assis

tance througihout' the work GIld for their helpful suggestions 

made on the manuscript. I am also indebted to many institutes 

and individuals for assistance received. The Central Labora-

,tory and Research Institute, the Wonji Hospital, the Wonji 

Agricultural Research and Weather Service Bureau, the water 

Resource and Development Authority and the Institute of 

Pathobiology are only a few among manyl Special thanks are 

due to snail control staffs at 1ilonji, to Ato Metaferia 

W/Rufael, a dresser in one of the clinics at the estate and 

to Ato Adugna Kitilla, head of the sheep farm at Debre Berhan. 

I am also indebted to the Swedish Agency for Hesearch and 

Cooperation with the DevelopinG Countries (SAREC) for the 

financial support received to cover part of the expenses 

incurred in the research work and in the preparation of this 

dissertation. 



-iii-

C 0 IT TE N T S 

ABSTHACT I •••••• I ••••••••••••••• 4 ~ .i .. . " ... " " i 

ACKNOWLEDGMENTS ii 

CONTENTS • .. • 0 ........... . • • • • ... , ......... " . iii 

LIST OF FIGUREss. TABLES • • • • e •• i'~ ......... . vi 

INTHODUCTION ............. "."~ ............. , 1 

LITER".TURE ."EVIEN 

1. Factors that influence the distribution 

of snails. • ............ .J.. •••••••• • ' .. .. 3 

a. General account .......... " .... . 

b, Temperature ............... _ . , . 

c. Light . .... " ................. . 
d. Water Chemistry o ••••••• ~ •••• o. 

e. pH ...................... 0 ...... . 

f. I\fagnesium ............... , ....... . 

g. Calcium • ............... e •••••••• 

h; Sodium and Potassium •• 

i. Rainfall ... ~ ..... ~ , ... 0 ......... .. 

2. Vector parasite compatibility ••••••. 12 

a. General account . ................ . 
b. Temperature ......... . .......... . 

c. Light • • • • • • • 0 • II< ..... • • • '0' ••••••• 

d. pH •.•••. 4o ....... 4o" ...... , •••••••• 

e. Oxygen • • • • • • • .. • • ~ • • • w • • • • ~ .,. 

f. Nutri tion • •••••••• 0 • _ ••••• • '. or •• 

g. Water velocity '0 ••••••••• O •• ' .• ,~. 



-iv-

C () N TEN T S 

Page 

MATERIALS & METHODS 21 

Description of 'the study areas •• '. • • • • . • • . • 21 

Debre Berhan ."."""""""""" .• ,,"",, .. ,,"""" 

\Vonj i " " " " i " " " " " " ,,_ " " " " " " " • • ~ ~ " " , " " " " " 

Meteorological studies at the two study areas. 27 

Chemical analysis of water •.• ~.· ••••••• ~ ••.. -,.. 28 

Sampling for snail population ..•••••. •..•••• 28 

studies on parasites .. o ••• - •• ••••· •• ~~~ •••••••• ~ 29 

Prevalence surveys .. ·.;~o •••••• ~ ••••••• ~ 

Natural infection of snails 
" " " " " " " " 0 " " w 

Host parasite compatibility.................. 30 

Egg-hatching •• ~ ••• o.~ •••••••• \,~_._ •••• ". 

Laboratory breeding of snails ••••..•••. 

Snail exposure .". " .. " " ,,~ " .. " " " " " " .. " " " , .. " " " 

Statistical tests ...... o.·.~· ..•....... ~ .. · .... 33 

RESULTS 

Physical factors at the study areas ": .. " " " " " " " " " 

Debre Berhan ~ " " " " " ; " • , " " • " •. 0;" , ~ , i •• , i " " " 

Wonji .'.'!i'.~~1.,1 ••.......... & ••••••••••• 

Chemical analysis of water " , .... " .- " " .. " " " " ... -" ". ,'" " 

Snail population dynamics 
" " .. " .. " " .. " " " " " " " " '! " ': " 

34 
34 

39 

42 

Correlation of snail population to meteorological 
factors : '" " " .. ~ " " " .• " " .-. I .. ' .:' .. " " ~ , .' .. , .. ~ " " " " !. ~. o· ~. fI_ _ 53 



CON TEN T S 

Incidence of intestinal parasites at ,Vonji 

and Debre Berhan .... 0................. 53 

Natural infection of snails.............. 54 

Host parasite compatibility ....•.. ;;.... 54 

DIS8UGSION 

CONCLUSION 

LIT:;J;)LTUHE 

...................................... 

............................... I ••••• • '. 

.CITEl) .... °.°,°," ••• '. °'"0 '. 0 •••••••••• ~ ••••••• 

66 

74 

75 



-vi-
• 

LIS T 0 F FIG U RES & TAB L E S 

Title 

1. Study sites at Debre Berhan 

PaO'e :::..::=.::. 

23 

2. Study sites at Wonji ......... ..... ...... 26 

3. Meteorological data and snail population 

at Vlonji ... co. • • • • • •• • • • •• • • •• • • • • • • • • 36 

4. Mete~rol.gical data and snail populati8n 

at Debre Berhan .............. " ...... . 38 

Tp.bles 

1. Chemical analysis of water sat'lples from 

Debre Berhan 3i te, B, (R •. Be.resa) ".... 4C 

2. Chemical analysis of water samples from 

Wonji Site X e~ ................. ~..... 41 

3-8. Monthly collection of ~.pfeifferi at 

sit·es A-E, Debre Berhan •...•••• ~;.. 43 

9-11. Monthly collection of ~.pfeifferi at 

sites X and Y, Wonji ·~ ..... o ••• t..... 50 

12. Correlation of snail population and 

Meteorological factors in Debre Berhan. 55 

13. Correlation of snail population and 

Meteorological factors in Wonji ~.:.; 56 

14. Natural infection rate of ~.pfeifferi 

at Debre Berhan and 110nji ............ 
15. Comparative susceptibility of ~.pfeifferi 

from Wonji and Debre Berhan for Adwa .• 

strain of 3.mansoni •••• 0 •••••••••••• 

16. Comparative susceptibility of ~.pfeifferi 

from \'Ionji and Debre Berhan for Adwa 

57 

58 

strain of e. .mansoni. t' • ~ ... • • • • • • • • • • • • • • 59 



Figures Title --- Page 

17 Comparative susceptibility of ].pfeifferi 

from Nonji and Debre I3erhan forWonji strain 

of S.mansoni at Debre Berhan ••.•..........•• 6Q - ~--~~---

18 Comparative susceptibility of .§.pfeifferi from 

Wonj i and Debre I3erhan for ;lonj i strain of 

S .mansoni at Wonji ••............•.......... _. 61:-

19 Exposure'of !?pfeifferi from Debre I3erhan 

to different number of S.mansoni miracidia 

under different temperature. . •...•...••••• 1.6;; . 

2Q Exposur'e of ].pfeifferi from Wonji to different 

number of S.mansoni miracidia under different 

temperature ........ I._ ••••••••••••••••••••• e •• 63 

2~ Growth of laboratory bred B.pLeiffe~1 from 

'Nonji and Debre Berhan at room temperature 

(14 -
o . 

21 c) ................... II •••••••••••• ~ • 

22 Growth of laboratory bred ].£feifferiin the 

o 
laboratory (23± 1 c) from WonJi and Debre 

Berhan o •• • ••••••••••• .,u •••• , ............ ~ ... ~., ,69 
-. -.. " ... 



~ 1 = 

. Introduction 

The characterstics of snail population that allows 

successful development of endemic schistosomiasis has been 

discussed by many workers, but our lmowledge of the failure 

of the disease to establish itself in potentially suitable 

areas is sti.ll far from complete. Many factors can cause 

this failure. Pelllig~r _' (1977) considered the following to 

08 the main factors:; insufficient snail density, insufficient 

density of human population, absence of slow flowinG or stand~ 

:i::r'g . 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), Files 

(1951), \vri,.,ht and Bennet (1967) and Chi et aI, (1971) 

demonstrated that it is due to the inability of snails to 

serve as intermediate hosts. This incompatibility is well 

associated Vlitl). chromosomal-number variation in Bulinus 

species (Natarajan et a1., 1965, Burch and Natarajan, 1966; 

Burch, 1967; Lo, 1972). In Biomphal~ia species such varia

tion in chromosome numbers does not exist. Instead innate 

internal mechanism which elicit a host reaction whereby the 

snail encapsulate the miracidia or the mother sporocyst which 

is unique to the non-susceptible snails Vias explained (Malek, 

1967; Locker et al" 1981). 
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Biomphal,ari§. E!eiffe.t~i '. the snail host of !3chisto~oma 

manscini,. is found from sea level in Alexandria, Egypt 

(Maleic, 19513b), to 3000 m above sea level in the highlands 

of Ethiopia and Yemen (Ayad, 1")56; Brown, 1964-). However, 

the ran3e of endemic areas are much smaller when compared 

to the distribution of the snail. In Ethiopia there are 

several places where the situa~ion seems to be ideal for 

the transmission ofS.mansoni. Snails are available in 

good numbers and the water bodies are frequently visisted 

by peo[lle; howeveT, 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 observinl3 the physical., chemical and biological 

factors in relation to the abundance of the intermediate 

host. This was approached from two angles. The first was 

to compare the ecology at Debre Berhan (nono-endemic area) 

and Wonji (endemic area) 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 grol'lth·rate in the laboratory, 

susceptibility and vector competence':i:n the . .'fieJ!d and labo-

ratory conditions were compared. 
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LI'I'lSlUlTU'm. :mVI"}',\'I 

1. F~ctors that influence the distribution of snails .. 

a. General account. 

Doschiens (1957) considered physico - chemical 

o· 
factors such as; temperature of 22 - 26 c, depth of 

less than 2 meters, NaCl concentration of 6 ppm as 

essentials for conditionin~ the habitat of Biomphalari~ 

glabrata. He also mentioned nutritional and competitive 

factors involving the flora and fauna as additional 

favareble factors. Malek (1958a) accounted food, oxygen 

sunlight and water quality as conditions governing the 

suita1Jility of snails habitats. Berrie (1970) on the 

other hand gave, more importance to water temperature 

and to factors like organic content and light penetration. 

be. Temperature 

Bulinus and Biomphalari~ species in Egypt were 

found to be tolenant to seasonal variations ranging 

from monthly average of 11.4 - 29.Goc (Malek, 1958a). 

In Kenya Biomphalaria was found to with stand a diurnal 

variation of 20 0 c (Vansomeron, 1946), While in Iraq 

Bulinus truncatus was found in natural waters ranging 

o in temperature from 8 to 23 c. Generally temperatures 

of 20 - 30 0 c are said to be favourable to maintain snails 

(Frank 1963; Standen, 1949), but Biomphalaria and Bulinus 

species had been found in hiGhland areas of Ethiopia and 
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Yemen that exrerience temperatures as low as 6°c (Ayad,1956). 

Hibernatinf~ 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 growth 

than temporary extremes of temperatures (Maldonad et al,1950; 

sturrock and sturrock, 1970). 

HiSh temperature in Eastern and Southern Ethiopia is said 

to have acted as barrier preventin~ ~.£feifferi from coloni

zing natural waters in areas below 750 m. altitudes, which 

are approximately ref'resented by the 20°c isotherm (Brown 

and Lemma, 1970). Similar observations were made by Berrie 

(1970) and sturrock (1965). The latter considered high tem

perature to have prevented the establishment of ~.££eifferi 

along the African coast between 100S and lOoN. '['hese tempe

rature effects seem to extend up to 160N in the lowlands of 

Ethiopia where the rainshadow, produced by the hi~hlands 

results in a particularly dry and hot climate. Ilebbe (1962) 

noted temperature hi3her than 25°c forms a barrier for 

B.pfeifferi in East African coastal areas. sturrock (1966) 

considered that temperature of 27 - 31°c accounted for the 

absence of snails in the coastal plains of Tanzania, 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°c while the former die 

immediately at the same temperature (Gordon et a1., 1934). 
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In general, water 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). 

o Althou;)lmosb snails are seen to live within 10 - 30 c, 

they have optimal temperatures for breeding, maximum rate 

uf growth, longevity. These optima vary for snails from 

different areas. Chernin (1967) said that regardless of the 

initial placemont in the thermal gradient, ~.g}.abrata had a 

o 
preference for 27 - 32 c. Cowper (1946), Frank (1963) and 

Harrison (1968) have reported 23± lOc, 24. Lfoc and 260 c to 

be optima for ~.pfeifferi. Bu~i~~~ glQbosus showed an in-

increase in growth and maturation rate with temperature in

crease until 27°c while egg - laying had its optimum at 25 0 c 

(Shiff, 1964), Under laboratory conditions the optimum 

temperature for oviposition of ~.pf~iffe~! is between 26 -

280 c and the natural increase in population growth per snail 
.. 0 

was highest between 20 .- 26 c. (Harrison and Shiff, 1966; 

Shiff and Garnet, 1967; Williams, 1970). 

C. Light 

Both, ~iomphalaria and ~uli~~b~ 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 carryon photosynthesis. Welch 

(1952) observed that snails do not grow well in turbid water 

caused by dissolved 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 that 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 elone;ated than usual, which is 

a kind of molluscan 'rickets' (llliO, 1957), 

d. Water Chemistry 

In an ottemjt to e;ain 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 investii')ators (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). In fact DeMeillon et al., (1958) stated 

that chemical composition in natural waters does not play 

even a minor part in determining snail habitats but this 

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



lil!:linl}s and13iomphalaria can tolerate concentration of salts 

up to 1500 ppm and are expected to withstand higher concen-

trations up to 4000 ppm, (Lanoix, 1958). Single salts like. 

NaHC0
3 

and CEli304 are tolerated even above 4C00 ppm (Deschiens, 

1954 ). 

e. pH 

pH is rarely a factor limiting the distribution of the 

snail hosts of Schistosoma. Intermediate hosts of S.mansoni ------
have been found in natural water bodies in which pH ranged 

." h. 

from 4.8 to 9.8 and within these limits variation of this 

factor seemed to have tno effect density of snail 

population (Vansomeron·, 1946; Malek, 1958),. R.truncatus and B. 

adowensis, (Q.pf~ifferi) have been bred in·waters ranging 

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

Slight variation in pH preference, as in temperature 

are observed among snails of the same species. In the Sudan, 

South Africa and Gambia Biomphalari g pfeifferi were found 

only in pH ranles 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). In Iraq ~.t~atus showed high 

mortality below pH 6.3 and pH 7.9 was' the upper favourable 

limit. For piomphalaria 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 

survive at pH 3 - 5 but become inactive at pH 12 and die 

in 5 hrs. Hit.h pH, as has been observed with ]?.glabrata 
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affects production of e::(,;s. At_pH. 7.8 it-lowered pJ:.odu'etion 

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 

it is extremely 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 ran~e 

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

Calcium 

Calcium is one of the essential elements that limit 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 

reprvduction rate of snails (Nduku and Harrison 1916)1 The 

degree' of vulnerability to low level of calcium however, 

varies according to the species. In laboratory experiments 

Bulinus (~) tropicus was shown to be restricted tv 5 - 40 ~g/l 

only and B. Qfeifferi to 5 - 200 mg/l while Bulinus (Physopsis) 

was able to live in 0 - 200 mg/ 1 calcium (William, 1970)., 

In the presence of other cations and anions and bicarbonate 

( 5 - 10 mg/l ), as a buffer B. pfeifferi survived in water 

with 2 mg/l calcium, where as for the population to thrive 

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

L976). 
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In natural water 5 mg/l calcium has been shown to be 

critical for the survival of snails. B. pfeifferi in 

nature is confined to waters with calcium content 

of at least 5 mg/l (Harrison, 1965 and Wil1 iJ.m, 1970). 

The former infact reported that he W~lS unable to find 

aquatic snails of any species. On the other hand Malek 

(19513a) found an endemic area of S·, mansoj}i with abundant 

vector snails at concentrations 5.7 - 8.5 ppm. 

At higher concentrations clacium seems to have a 

delitcrous effect on the biology of snails. Frank (1963) 

showed that 13' l?feifferi grew much faster, deposited more 

eggs and survived longer in aquatic aquaria with 13 ppm. 

calcium compared with concentration of 31 ppm. Liang (1973) 

pointed its retarting effect on egg laying potential of 

bothe Biomphalari~ and Bulinus species. Harnison (1968) 

demonstrated its decreasing effect on the metabolic rate 

and fecundity of ~. Qfeifferi. 

The effect of low level of calcium is exagerated 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: 

en: ffig= 0.6 ; ea: Na = 0.1 and ea: K = 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. 

g. Magne si um 

Magnesium is required in small qantities for the snail 

and the chlorophyll bearing microflora which form their 

food supply. B. truncatus and ~.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. BiH when it is disproportionately higher 

than the concentration of calcium both Biomphalrie and Buli~..§. 

species can not survive (Deschiens, 1957; Schutte and Frank, 

1964). Harrison and Shiff (1966) failed to get snails of 

Biomphalariti and Bulinus species in streams with 54 ppm 

of calcium and 467 ppm. magnesium. Similarly Nduku and 

Harrison (1976) showed that the proportion of magnesium;to 

calcium is more important th<:m m.ere qU{lnr,ity ~f I1o.gnesium in 

defining favourable habitat of snails. 



- 11 -

h. Sodium and Potassi®l 

Sodium and Potassium occur in the form of chloride, 

sulplute end oarbonate. Their concentration in the w.:lter 

is important for the survival of snails. When concentrntion 

of sodium 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 VInS unfavourable 

to ~0hclaria spp. but Nduku and Harrison, (1976) reported 

ca: Na r2tio 0.1 and Oa: k ratio of 0.33 to be the limit 

beyond which deliterious effects could be expected. 

i. R2infall 

Major seasonal fluctua1>ions in sncil popUlation density 
; 

IIccur as a result of rainfall and ecolo:.;ical chan3es brought 

by it. In.Egypt snails were found plentiful all the year 

round but with two periods of maximum abundance. The se v[ere 

at cold seasons with daily temperature maximas of 160 0 and 

24
0

0 rel3pectively. The break in the continuity of snail 

g~'owth' ,7as considered due to the Nile flood that killed 

large nWllber of them and stopped reproduction, at leas't 

temporarily. The presence of ~.boissyi in the Nile delta 

and the Sudan and its absence fr,m the whole of upper Egypt 

was thou6ht to be due to the sensitivity of the snails to 

water movemant (Helmy, 1953). In Iraq, Watson (1950; 1951) 

observed the confinement of B.truncatus to stagnnnt water, 

due to its sensitivity to wuter movement. He stated mnximum 

popUlation growth to be in summers and autumns. 
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~.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 

l:iesen€;;ai, 1958). Similar observation wi th ~. pfeifferi waS 

made in Siera Leone (Gorden et al., 1934). Gridland, (1957a; 

1958b and 1958) in Uganda and Sodeman (1979) in Liberia have 

~lso shown distinct seasonal fluctuation in population densities. 

Gridland (1957a; 1957b) observed an increase in yOlmg snails 

after the long rains, while Sodeman (1979) observed a decrease 

in the population (luring the wet seasons and an increase during 

the dry seasons. This was noted at 62 locotions both in Urbl:\ll 

and rural areas. 

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 season. 

2. Vector - parasite cornatibility 

a. General account 

Often the desease transmission potential or lack of it 

is pointed more strongly towards the snail than towards the 

p'CIl'dsi te. But it has been demonstrated that it could be due 

to interstrain variation in the infectivity towards the snail 

hosts (McGullough, 1959; Sauod, 1966; Richard and merril, 1972; 

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

specie s, the intermedLlte hosts for a Nigerian stroin of 

;2.haernatobium, and exposed them to an Egyptian strain of the 

parasite but infection did not take 

other hand, when ]Qlinus species 

place 

that 

On the 

was re:rractory 

\ 



to the Nigerian strein of §. haematobium was exposed to 

the Etyptian strain, ifection was successful. Similarly 

Roux (1954) using an Egyptian strain of §.haematobium was 

ablo to infect Bulinus coulboisi but Gridland (1957a) 
---.,..-.r," ... ". 

w'J.s unable to infect the Ugandan strain of the same species 

oJ snail with the same Egyptian strain of § .'ha'emat·obium • 

In the Sudan also Buli~ (Bulinus) species and ~, (Physopsis) 

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

suscertible to local §.haemato~ infection (Malek, 1958b) 

In some areas snails of the same species show different 

desrees of susceptibility at different ages. For example 

in Puerto Rico ~. glabrata with three different degrees 

of resistance were found. One group was susceptible at all 

age.s while the other was susceptible only at juvenile and 

the third one was refractory at all ases (Richard and Merril, 

1972), Complex of genetic factors whose expression could 

vary in degree are involved. Biomphalaria glabrata from 

Salvador (Bruzil), which was continuously refractory to 

infection with many strain of §. ~soni, on crossing with 

suscertible ~. glabrata from Puerto Rico, revealed inter

mediate degree of susceptibility for Puerto Rican §.mensoni 

(Newton, 1953; Newton, 1954), The phenotypic manifestation 

of the genotypes governing incompatibility, in the form of 

a cellular capsule formed around the developing stages of 

the pOTasi te, was also illustrated, Hybrid snails ~wed a 

cellular reaction intermediate between the susceptible parents 

and the non-susceptible parents (Cridland, 1968; Richard, 

1970; Chi en al., 1971). 
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The refractiveness of snails to 2.haematobi£!:!! should 

not be considered completly of benetic origin. sturrock 

(1968) hQS 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 l,)'se the parasite may exist. 

Feng and Canzonier (1970) have also put as evidence of host 

humoral response to infection, the quantitative fluctuation 

in hemolymph protein fractions of a mullusk parasitized by 

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

and Locker et a1., (1981) have also shown that haemocytes 

for resistant strains were effective in damaging .sporocyst. 

Locker et a1., (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 de,lendent 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 vlhile the life span is shortened by infec tion of 

parasite (ehu et al., 1966; Lo, 1972). Infected snails 

were more sterile and hatchability of the eggs was less 

than that of uninfected snails. 

b. 'l'emperature 

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. vfuen stools containing S.~ansoni eggs were kept 

for 40 hrs at fluctuating temperatures of 25 - 35°e most of 

the eggs died; but when they were kept for 18-24 hr9 the eggs 

° hatched sucoessfully. At 4 e egg hatching was completly 

inhibited, but when returned to optimal hatching temperature 

(22 - 25°e) 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 100e inactivated them and infection of snails 

can not take place. Maximum infection is obtained at 300e 

while at 40 0 e they become hyperactive and die soon. (stirewalt, 

1954 ; DeWitt, 1955; Lo, 1972). 

The miracidial transformation to mother and daughter 

sporocysts and the cerc§rial incubation period is also contro-

lIed by temperature. In East Africa S.mansoni took 50 - 68 

days at 31.750 e to develop to cerearcae in ~.pfeifferi (Foster, 

1964). This confirms Dewitt's (1955) findinffiat 23 - 280e 
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the cercariDl development V/DS completed in 35 

while between 26 - 28°0 it took 22 - 23°0 Dnd 

- 58 dDYs 

° Dt 31 - 33 0 

it took only 18 dDYs. Ohu et Dl. (1966D) in Iran and 

Schattock et al. (1965) in Southern Africa have noted that 

the incubation period for Bulinus was short in warmer seasons 

and thEl-C it was longest in colder months. With Dn increase 

in teLlperature the number of cereDriae will also increase, 

to reach the maximum at the hi:;hest tolerated temperatures. 

At higher temperatures the snails become more susceptible 

to miracidial penetration. 

Low temperature is said to retard the metabolism of 

the parasite as well DS that of the host Stirewalt\ 1954~.· 

Dewitt, 1955). 

The emergence of cercDriae from snail hosts could be 

forced as often as 3 times a day for 8 - 9 dDYs by Dpplication 

of appropriate thermal stimuli. As has been determined with 

S.mansoni cercariae between 15 - 35°0 the mortality is almost 

exclusively D consquence of the Dging process (Lowson Dnd 

Wilson, 1980). Outside this rDnge, the effects of temperature 

begin to CDuse cercarial mortDlity. At 10°0 cercariae suffer 

a high initiDl rate of mortality sUJgesting that some of the 

cercariae are more tolerDnt to low temperature or can adapt 

to it. The cercariae cannot tolerate temperatures above 

35°0 for long time. The optimal temperature for cercarial 

penetration, bDsed on the number of adults recovered from 

mice, was found to be between 30 - 35°0 (Dewitt, 1955). It 

was also noted that penetration does not occur at temperatures 

° ° ° over 4D 0 or below 10 O. Exposure to 32 - 34 0 for 8 hrs did 
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not affect their activities or life span, but when heated 

o to 36 C for an hour their mortality was greater than the 

controls. 

c. Light 

Li;ht plays a major role in cercarial shedding. Snails 

kept in the dark I)roduced less cercariae (20/day/snail) 

compared to those kept in natural light (70/day/snail). But 

when they were transferred to the sume light conditions, they 

produced essentially the same number of cercariae as the 

control groups (Kuntz, 1947). Cercarial shedding under 

bright lig:ht starts in 15 - 30 minutes. In moderate light 

it needs an hour, but shedding continues in smaller numbers. 

even in the dark (McClelland, 1958). The periodicity in 

cercarinl shedding which corresponds to the light illumination 

is also seen in the dark (Barbosa et aI., 1954; McClelland, 

1965),Temperature has a supplementary effect is in causing 

greater output than light alone but it is relatively of 

lesser importance, at least in §.haematobium and 1.mansoni 

(McClelland, 1965). Duke (1952) recorded that temperature 

served only as a stimulus for shedding and once snails heve 

started Shedding they will continue doing so even if tempe

rature fell to 180 C. 

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. In 

a pH ranGe of 7 - 10 miracidia can survive for at least 4 hrs 

but above and below this rang;e they die quickly. Miracidia 

have a wide tolerance of pH in terms of successeful infection. 

At pH 3 - 5 or pH 12 no miracidial infection of snails occur, 

since they die in a very short period of time. But at pH 

6.1, 11% of infection, at pH 6.9 - B.6 an infection rate of 

23 - 38% and at pH 9.4 - 9,6 the highest infection rate ('53 - 497(') 

were found (Lo, 19'12). 

:::rumble et a1. (1957) stated that a pH of 6 - B to have 

caused hiCh cercarial shedding in Q.nosollhora 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 ~.glabrata to ceuse cercarial 

sheddinf; or to shed very small numbers. Snails left for 

~ hrs in deoxygenated water, then brought to oxygenated 

water produced 50 - 189 cercariae compared to 300 - BOO 

cercarriae with controls. When they were kept for an hour 

in deoxygenated water no difference was observed (Oliver 

et al. (1953). The cercariae shed from snails previously 

kept under anaerobic enviorlllr.ent showed no reduction in 

infectivity or activity in seneral 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 intramolluscon cercariae. Parasites 

in the snails need oxygen only for synthesis or developmental 

purposes, otherwise they have an alternative mechanism of 

respiration that does not involve the cytochrome system but 

links carbohydrate metabolism to energy production. They 

can fix CO 2 and reverse the Krebs cycle to produce succinate 

and acet'lte (Sa
3

, 1970). Biomphalaria pfeifferi also show 

distress when the oxygen tension falls below 75% of 8aturation 

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 incubqtion period is elongated and 

the snails become less susceptible. This indicates that 

the availability of proper type of food is essential 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; Liang, 1973). 

The fecundity of snails is also directly proportional to 

the amount of food in the habitat (Jobin and Michelson, 

1967; Berrie, 1969). 

g. Water velocity 

.vater 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 
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in animals exposed to a stream with hie;h cercarial infesta-

tion to be due to high velocity of water. Illustrating his 

point further, he said high velocity of water changes cercarial 

densi ty per unit volume and influence the contact and prllletra

tion of cercariae. At the velocity below optimUL; fewer cercariae 

make contact with the exposed animals while at higher velocities 

some of tbese are probably sweptoff. Radke et al. (1965) also 

suggested that cercariae may become fatigued in fast flowing 

water particularly over long distances, an effect wbich was 

also observed by Webbe (1965). Tbis may be an important factor 

reducin3 the infectivity of cercariae in fast flowing turbulent 

waters. In Webbe's (1965) experiments the bighest infection· 

rate and worm loads were obtained at velocities between 0.15-

6 cms/second. 

Tbe effect of water velocity on miracidial irfectinn 

of snail bosts is different from tbat of cercarial infections. 

Increase in water velocity enhance, the effective scanning 

capacity of miracidia so tbat snail bosts may be located and 

infected. With 25 miracidia/snail, high infectJ~n rates were 

attained 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. 

1 
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MATERIAL>3 AND METHODS 

Description of the study areas 

Debre Berhan (Latitude 9 0 40'N, Longitude 390 32'E) 

Debre :8erhan is a small town 130 kIns 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 tOIW receives treated and chlorinated tap 

water. But this does not extend beyond the town population. 

People :U.ving in the vicinity use river water originating 

from the hills. The people from the town come dOYffi to the 

river sides R.Beresa and R.Dalecha for laundering and wate?-

ing cattle. 

Eventhough . known foci of schistosomiasis are situated 

about 80 kms away in Shewa-Robi, Gerbi and Senbete (Institute 

of PathobioloLY unpublished), schistosomiasis is not endemic 

at Debre Berhan. 

The veg£tation consist largely of grasses and no pre

dominant trees are found except for the eucalyptus that is 

seen in bunches here and there. 
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fig. 1. STUDY SITES IN DEBRE BERHAN 
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Wonji (JJati tude 8 0 25 'N, LonGitude 392'E) 

In the context of this study 00nji refers to Wonji 

3ugar Estate. It covers an area of more th9n 120 km
2• 

It 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 :g.:efeifferi, the 

snail host of S.mansoni. It has given rise to some dense 

growth of plants consisting of Q~melima polygoneum,_~ries, 

Gamphoeapys spherathis, Suaveolense gent ala and Byrophila 

species. These have given the snails the opportunity to 

(propoGate) activ~ly and disperse themselves thereby in-

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

According to WHO Bilharziasis Advisory Board only 10 

cases of schistosomiasis were found in the area in 1964 

(Duncan and Lemma 1976). They were then considered imported 

cases. A 1978 report indicated that 32% 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 SUGM~ ESTATE 
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87% in some of the camps (Wonji Hospital, I'ersonal Comm.) 

'j!l1e.snails control unit of Vlonji Hospital has 3 staff 

members who routinely check for the shails and apply 

molluscicideB whenever necessf':ry,. 

sanitation and water supplies 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. At times the tap water 

stops functioning for weeks and the entire population is 

left with no choice but to use canal water. 

The ifection of snails is maintained by the continued 

defecation of the people in areas where snails are found in 

ab=dance. The camps have latrines but they are not well 

kept and hence people refrain from using them. Instead 

they go to the nearby plantation and defecate, preferably 

on the edge of ·the canals. This provides steady source 

of infection. 

Meteorological studies at the two study areas. 

Meteorological data for 1980 and 1981 were obtained 

from '!rater Resource and Development Authority and the Wonji 

Agricultural Hesearch and Weather Service Bureau for Debre 

Berhan and Wonji respectively. The records for Debre 

Berhan included rainfall, water temperature and water level 

fluctuation (only for site 'B ' ). In addition to 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 tension of water 

were measured on the spots, the pH with 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 

\Vonji 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+, K+, Ca++ and Mg++ were determined using an 

Atomic Absorption Spectrophotometer (Model-SP-19l, PYE, UNIC) 

in the Chemistry Department of Addis Abeba University. For 

the anions the following methods using Hack's Kit were imple

mented. Cadmium Reduction Method for Nitrate, Diazotization 

Method for Nitrogen-dioxide, Nesslers Method for Ammonia, 

Heteropoly Blue Method for Silcondioxide and Periodate oxi

dation Method for Manganese. Ethylene diamine Tetra Acetic 

Acid Titrimetric Method for total hardness. Turbidimetric 

method for Sulphate and Stannous Chloride Method for phos

phate quanti tat ion were also utilized. 

Sampling for snail populat:Lon. 

To obtain some knowledge of the seasonal fluctuation 

of ~.pfeifferi a series of observations were made in selected 

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

and the sitos chosen were those with highest snail density. 

In Debra Derhan five sites A-E were selected (fig. 1). 

All sites except Site A, which almost dried in May 1981, 

had water througbout the year. In Wonji, two sites (Z·& Y) 

were selected from irrigation canals of the sue;ar estate 

fig. 2). 

Snail samples were taken using a scoop net of 20 cm 

diameter and 1 = x 1 mm pore size. Snails were collected 

by scooping for a total of 3 - 6 minutes. Then number of 

snails /m.in/man was determined. All the snails collected 

were measured using a vernier calirer and then wl}re 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 

Parasitolosical surveys on students (grade 1-8) 

selected randomly were carried out in both study areas. 

A total of 393 stool samples were taken from Wonji of 

which 87 were from childr6!flo.round 4 camps. In Debre 

Berhan 168 samples were taken and all weTe from school 

children. Vir,ls were distributed with their names eo 

numbers labelled and faeces in almost all comes were 

collected immediately. About 3-4 (9llS of faeces were 

collected from each and were preserved in 7.5% formalin. 

Faeces were eXElffiined by direct smear at the spot and later 
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by Ritches concentration techniQue. 

Natural infection of snails 

For the determination of natural infection rates, 

snails were collected from streams, pools irri~ation canals 

and brought to the A.A.U. laboratory 200 snails from each 

of the study areas were randomly selected and were checked 

for cercarial shedding under 60 watts electric lamp and 

o in water temperature of 23-26 C. This was done for 3 weeks 

at regular intervals. Finally they were crushed and the 

presence or absence of developing sporocysts was observed. 

Host parasite compotibilitZ. 

Egg hatching 

Eggs of §.mansoni were obtained from the faeces of 

patients from Vlonji and Adwa. They were then hatched in 

til tered w:~ter from snail aQuaria, as recomended by 

Chernin (1972), in Erlenmyer flasks covered with carbon 

papers under 60 watts electric lamp. 

Laborator,r breeding of snails. 

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, snails obtained from field were 

bred at the Biology Department, Addis Abab~ University. 

Ten ~feifferi snails of the largest size were put in 
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distilled water or aged wnter collected from an artificial 

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 3 weeks later 25 snails (1.6 mm diameter) from 

each set were transfered into different plastic aquaria 

and were left at room temperature. An equal number were 

also left in water bath at 230 c. 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 snails 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. Exposure 



studies we:ce done three times. The first set-up involved 

150 snails from Debre Berhan and another 150 from Wonji. 

Each of the snails were exposed to 20 miracidia in snail 

conditioned water as described bO' Chernin (1972). Of the 

150 snails from Debre Berhan 50 were placed in laboratory 

( 
. 0 

at room temperatures 14 - 21 C) in Addis llbeba University, 

50 in an out door aquarium at Wonji (20 - 28
0

C) and the 

remaining 50 8t site A in Debre Berhan (7 - 23°C). The 

snails obtained from \\'onji were also divided into three 

equal groups and 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 \vonji were brought to the laboratory after 

32 days and kept at room temperature. All snails died 

16 weeks after 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 reSll!.ts 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) vms done 58 days after exposure while those from 

Wonji aquaria were collected 28 days. Inter only. 
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Statistic;l tests 

Coefficient of correlation between the snail popula

tion and the meteorologiOal factors and student t-test for 

growth rate difference between the snails from the two 

study arU9S "ere calculated. In both cases their stasti

stical si,~nificance at 95% level was tested (Snedecor & 

Cochran, 1968). 
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T~ESULTS 

Physical factors at stu£l ar~~. 

Debre Berhan 

The meteorological data obtained from the Water 

Resource and Development Authority are shown in figure 3. 

The monthly r2infall for the years 1980 and 1981 was not 

uniform. In 1980 all the month.s except December had rain. 

But in 1981 there was no rain at all in the months of 

January, Ii'ebruary 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 

wi th little rain. The rain between July and September was 

heavy reaching 350 mm precipitation / month. During these 

three months about 1000 rom of rain accounted for more than 

80% of the annual rain falls. 

The average monthly water temperature rangerCl from 

7 - 23 0 C, In cold seasons the morning water temperature 

f8.11 down to SOO. The mean average for the months fall W;l5 

between lL, - lSoO. The water level fluctuation was recorded 

only for site B. The water level fluctuations showed direct 

relationships to the rainfall. 

Wonji 

The meteorological data for temperature, rainfall 

relative humidity and evaporation rate as recorded by 

Wonji Agricultural Research and Weather Service Bureau 

from January 1980 to October 1981 are shown in figure 4. 



- 35 -

METEOROLOGIOAL DATA }\ND .GNAIL POPULATION 

AT DEl3HE BERH,\N 

A. HainfDll 

B. Numbor of snails /min/man 

c. Water temperature 

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

POPULATION AT WONJI, ESTATE 

A. Rainfall 

B. Air temperature 

C. Snail s /m in/man. 

D. Rate of evaporation and relative humidity. 
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The rainy season as in Debre Berhan consisted of two peaks. 

A light rain from Febl'uary to March and a heavy one from 

July to September. With the rainfall the relative humidity 

~ses :while the rate of evaporation decreases. The average 

air temperature ranges from 13.2 - 28
0
C. The surface water 

temperatuce for most of the year reach 43°C in the middle 

of the days. 

Chemical an~lysis of the bodies of water. 

The wetter chemistry for River Beres3. 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 rWlged 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 cations specially calcium and magnesium were more 

b:lt Wonji while pH and oxygen tension at. \lonji were less than that 

of Debre Berhan (Table 2). The ratio of calcium to 

magnesium was highest il). the months of June, 9.7 and least 

was in Aug;ust 1.6. The averac;e potassium and sodium con

centrations were 14 mg/litre and 13.4 mg/litre respectively 

The pH was near neutral while the concentration 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 :K Ca I l\1g Mn 304 P04 N03 N0 2 ':\ 02~ NH3 pH Total 1 Oxygen 

1931 mg/l mg/~ mg/l mg/l mg/l . g/l g/l mg/l mg/l mg/l mg/l ~:;:r;~ness I mg/l 

January 13.2 4.2, 20 9.17 - 1.7 - 0.06 1.05 3.71 1.04 9.2 87.6 \ 20 

February 10.7 3.7: 19 8.72 - 5.9 0.47 0.2 1.013 8.1 1.28 7.2 87.05 14 

. March 12.1 3.S i 15.7 8.47 0.63 4.2 0.89 0.75 0.28 2.03 0.14 7.9 74 \ 10 

I 
April 12.4 4.~ ~ 18 \6.1 11 •02 - - - 0.66 6.88 0.53 8.7 70 40 
May 12.1 4.4, 18.7 3.2. - 2.3 - - 1.03 6.0 1.08 9.6 60 22 I June 11.12 3.21117.3 7 - 1.5 - - 0.413 1.3 0.01 8.1 80 ! 21 

r July 10.8 5.0 I 18 6.34 - 7.6 0.07 - 0.25 6.88 0.76 9.3 80 \ 17 I August 8.5 3.7 13.4 7.2 I 0.82 ~.8 0.96 - 0.625 8·3 \0.3 8.5 78 50 

~. September 10.6 4.5·14.2 7.93 I 2.81 I 3.5 0.44 10.52 1.032 8.13·· 0.76 18 •8 \ 56 60 

I. October I 12.3 4.8 16.51 17 • 5 0.54 I 7.6 0.01~ 0.71 o ..• 11 \2. 7 \°.32 \8.2 63 70 

. , . .' I I .. _ _ _ _ I I I 1 
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_e 2. Cheoical anal!~is of w3lter s~Jl;J,.e.s._ 

!rom . .w0n~~ .. sit El ... 'X' 

Mn 804 P04 N03 N02 8102 
L mgjl gil gil mg/l mg/l mg/l 

+5 1.35 5.8 0.96 - - 15.63 

:39 1.62 2.1 - - 0.5 71.25 
29 1.89 1.2\ 0.67 !0.33 0.2145 21.25 

L 1.62 4·5 - 0.27 0.223 15.63 

)9 6.75 6.6 0.05 - 0.106 15.0 

52 2.7 1.1 - ,0.026 - 26.25 

71 1.62 1.2 0.09 0.08 0.495 11.25 

65 1.08 1.2 0.179 - 0,62 78.0 
r - 5·0 0.135 . - 0.27 30.0 0 

12 - 3.0 0.38 - 0.2 19 

I I 

NH3 Total 
, 

pH hardness Oxygen mgl mgjl LlEjlitre; 

- 7.1 128 10 

li5? 7·4- 92 13 

3.05 7.3 llO 12 

0.92 7.7 100 19 

3.97 7·5 175 8 

3.17 7.2 95 9;2 

1.93 7.6 11.2 8.8 

1.2 7.2 200 6.7 

2·93 7.1 260 . 6.7 

1.3 7.3 204-
_L 

8.4 

1_-
----~ - ----
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.§nail population d,xnamics. 

The population of ~.pfeifferi for the 12 consecutive 

months (November 1980 to October 1981) after computation 

for one man per minute collection are tabulated in Table 

3 - 7 for Debre Berhan (?nails. As shown in Table 3, no 

snail of less than 3 rom size was collected from site A 

throughout the study period. November to February and 

April to Jill1e were the months that had relatively hi~her 

number of snails. More than 50% of the snails obtained 

during these months consisted of 6 - 10 mm 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 C had a decrease in 

population from November 1980 to February 1981 (Table 5). 

In March to~ether with the rainfall it started to grow and 

showed a sm311 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 February and 

March 50 and 72 snails respectively were collected. Of 

! 
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'rable 3. Monthly collection of ~. pfe ifferi 
at site A, Debre Berhan. 

-I 
each ~';roup in-1!)!!! Months No. of snails in 

10 8-10 6-7.9 3-5.9 3 , -
1980 

November 2 12 8 0 0 

December 0 20 10 1 0 

1981 

January A .. 5 9 0 0 ./ 

February 0 9 0 ;5 0 

March 0 0 1 0 0 

April 9 9 17 10 '0 

May :;, 19 28 5 0 

June 8 2 1 0 0 

July 0 0 0 0 0 

August 0 0 2 0 0 

September 0 0 0 0 0 

Octooer 0 0 0 0 0 

I 
~-

Tot!ll No 
of snails 

22 

31 

17 

14 

1 

45 

55 

11 

0 

2 

0 

0 
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Table 4. Monthly collection of ~.Efeifferi 

at site B, Debre Berhan. 

Months -<- No. oi: snail in each size group in mm 

10 8-10 6-7.9 3-5.9 3 

1900 
November 10 69 45 18 4 

December 0 0 2 0 5 

1981 
January 0 0 0 0 2 

February 0 2 0 0 0 

March 29 18 2 5 0 

April 25 47 19 1 3 

May 26 14 0 0 3 

June 11 24 18 11 5 

July 5 21 15 4 7 

August 0 54 31 26 22 

September 83 34 30 12 6 

October 21 181 112 81 3 

Total No 

of 
snails 

111-6 

7 

2 

2 

54 

95 

43 

69 

52 

133 

165 

398 
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Table 5. Monthly collection of ;!hpfeifferi 
at site C, Debre Berhan. 

I Months I No. of snails in each si~roup in mm 

10 8-10 6-7.9 3-5·9 3 
-. --

1980 
November 27 50 34 8 9 

December 16 43 19 2 2 

1981 
January 1 1 3 8 0 

February 0 J 0 1 1 

March 0 5 7 3 2 

April 15 18 1 10 0 

May 0 13 8 J 0 

June 11 28 13 3 2 

July 4 4 0 0 0 

August 9 6 13 28 0 

September 3 0 0 4 0 

October 18 0 8 1 0 

Total No. 
of 

snails 

128 

82 

13 

2 

17 

44 

21 

57 

8 

56 

7 

27 
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Table 6. Monthly collection of ~.pfeifferi 

at site D, Deb.re BerhCln. 

I Months ,I )IT 0, of 

10 

1980 
November 0 

December 0 

1981 

January 0 

February 3 7 

March 1+ 1 

April 

May 

June 

1 

0 

5 

July 2 1 

August 1 

September 

October 

5 

3 

6 

-

snails 

8-10 

3 

0 

0 

13 

22 

0 

0 

0 

27 

22 

20 

17 

in each size (!;roup in mm -
6-7.9 3-5.9 3 

5 0 0 

0 0 0 

0 0 0 

0 0 0 

5 3 1 

0 3 1 

0 0 0 

0 0 0 

28 10 0 

7 14 0 

6 0 0 

27 15 0 

--
Total No. 

of 

snails 
-----

8 

0 

0 

50 

72 

5 

0 

5 

86 

58 

29 

65 



- 47 -

Table 7. Monthly collection of ~.£feifferi 

at site E, Debre Berhan. 

I 

Months No. of snails in each size group in mm 

10 8-10 6-7.9 
I I 

3-5.9 3 

1980 
November 0 0 4 0 2 

December 0 5 3 0 1 

1981 
January 0 0 0 0 2 

February 0 0 0 1 0 

March 31 44 22 4 4 

April 39 51 10 20 3 

May 7 16 5 0 0 

June 9 24 2 0 0 

July 30 39 45 7 8 

August 14 82 53 19 8 

September 13 3 13 5 3 
Octeber 0 11 21 4 1 

Total No. 
of 

snails 

6 

9 

2 

1 

105 

123 

28 

35 

129 

1'/_ 

37 

37 



• 
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Table 8. Total nUlllber of 12.I!.feifferi collected from the 

five sites at Debre Berh,'1n in one minute. 

No. of snails in!' each size group in mm Total 
Months No. of 

10 8-10 6-7 3-5 3 snails -
1980 

November 39 134 96 26 15 310 

Ddcember 16 68 34 3 8 129 

1981 
January 4· 6 12 8 4 34 

February 37 24 0 7 4 69 

March 101 89 37 15 7 249 

April 87 125 56 35 7 312 

May 16 62 41 5 3 127 

June 44 78 34 14 7 177 

July 60 91 88 21 15 275 

August 38 14 106 87 30 425 

September 102 ~7 1l\.9 21 9 238 

Octllber 45 209 168 101 4 527 
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the collected snails only a few were less than 8 mm in 

diameter. Again in April, May and June the collection 

count was found to be between 0 - 5 /Plin/man. In July and 

August the count went high up to 86 and 58 respectively. 

Snails, althout!,h few in number)were present from September 

through October. It was from July onwards that snails of 

less than 8 mm appeared in good numbers. 

Site E h8d a few snails in the months of November nnd 

December (1980) - January and February (1981). In March 

and April the count per minute was 105 2nd 123 respe.ctively. All 

size r;rbups woro repre'sen ted in thecG.,,) Gounts. In M:lY"IJnd June 

the numher decreased and there were no snails of less than 

6 mm diameter. The snedl population grew to 129 in July 

and 176 in August. In each month Septo~·.ber &':Octoben 37. " 

snlli:4s we:ce. oollected. All the Le months starting from July 

had all size groups but higher numbers were found in size 

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

The total number of snails from one minute collections 

at the five study sites representing the area is shown in 

Taule 80 The general tendency of the snail population in 

almost all size groups was tl1at their numb er decreased from 

November (1980) to February (1981). In March and April it 

showed a peak and declined in May and June. Starting from 

July there was an ascent that continued until the end of 

the work in October. 
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Table 9. Monthly collection of .§.£feifferi 
at site X, Wonji. 

Months No. of snails in each size group in rom 

10 8-10 6-7.9 3-5.9 3 

1980 
November 8 8 1 27 13 

December 3 1 9 0 2 

1981 
January 12 3 9 28 0 

February 9 12 1 6 4 

March 9 3 18 8 0 

April 9 7 4 13 5 
May 3 0 6 4 8 

June 9 19 10 6 13 

July 6 15 2 7 5 
August 4 3 6 15 1 

September 13 5 5 7 6 

October 6 11 4 5 8 

I 

Total No .. 
6f snails 

57 

16 

52 

32 

38 

38 

21 

57 

35 

29 

36 
I 

34 
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Table 10. Monthly collection of .!:!.pfeifferi at 

si te Y, Wonji. 

Months No. of snails in each size group in mm 

I I , 
10mm 8-10mm 6-7.9 rom 3-5.9 mm h mm 

1980 

NOTember 17 29 10 14 3 
December 7 29 6 23 0 

1981 

January 18 32 25 lie 0 

February 17 3 2 4 0 

March 16 4 0 0 0 

April 2 0 0 0 0 

May 2 16 10 18 8 

June 8 33 18 6 0 

July 13 ~ 2 3 1 

August 6 1 1 0 Q 

September 2 0 0 0 P 
pctober 5 4 2 0 Q 

Total No. 
of snails 

73 

65 

89 

26 

220 

0 

51e 
65 

25 

8 

2 

11 
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Table 11. Monthly collection of :!?.l2!eifferi from the 
two sites X, and Y at Wonji. 

, 
I 

Months No. of snails in each size group in mill 'rotal Nc. 

- .-
I of snails 10 8-10 6-7.9 3-5.9 3 

~ 

Fl80 

November 25 37 II 41 17 130 
December 10 30 15 51 0 ll7 

1981 
January 30 35 34 42 0 1/+1 

February 26 15 3 10 4 58 
March 25 7 18 8 0 58 
April II 7 4 13 5 40 

May 5 16 16 22 16 75 

I June 17 52 28 12 13 122 

July 19 21 4 10 6 50 
f\.ugust 10 4 7 15 1 37 
peptember 15 5 5 7 6 38 

pctober II 15 6 5 8 45 .. 
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The snni.l population at Wonji sites X and Yare, 

tabulated (Table 9 and 10). Table II shows the total per 

minute 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 quite 

considerably. In November 1980, for example 70% of the 

collected samples were less than 6 mm while in December 

81% of them were more than 6 ml'l in dial'leter. Site 'Y' 

was a big canel with larger size and denser vegetation 

than Site 'X'. The snail popUlation showed a marked 

decrease in the months of April, July and September. This 

decrease Nas also noticable to a certain extent in the 

months of January, Fe,bruary , 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 13 respectively. In Wonji rainfall is negatively '.<

correlated with population size while evaporation rate 

is posseti vely correlated to _the same. In Debre Berhan these 

f<.,ctors correluted 'to the ttDt:'.l. 'JlUl'lb.iaJ.' of sn"Us but in site 

D and E :they '}re' ~0ss'u;ively correlat3d to rnlnfall. 

Incidence of intestinal parasites at Wonji and Debre Berhan 

In Wonji out of 306 school children L.5 (14.7%) and 

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



for §.man~li. On the contrary none of the 168 school 

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

llatural infection of snails 

The natural infection of snails in Wonji & Debre Berhan 

is shown in Table 15. In both cases 200 snails were crushed 

and those bearing S.mansoni cercariae Vjft)re recorded. 

Host-parasite compatibili~ 

In the first exposure se up (Table 15 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 snail's shed in the laboratory 

of Addis Ababa University and at \'lonji aquaria while those 

of Debre Berhan shed only at Debre Berhan. In all cases they 

were proved to be S.mansoni on animal exposition. Those that 

had the parasite at the sporocyst sta~es are also shown t03ether 

with the shedding ones. There were 12 Wonji snails and 8 Debre 

Berhan snails in the Debre Berhan sets and 8 Wonji snails and 

3 Debre Berhan snails in the Wonji sets. 

In the last set up (Table 17 - 20) snails from both 

areas were found positive for the parasite1 26% of Wonji and 

37% of Debre Berhan snails,from the survivors were found 

shedding cercariae 58 days later after exposure at Debre 

Berhan (Table 17. At Wonji 29% and 39% 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 23+10C after exposure to different doss -
of miracidia. The last two Tables 21 and 22 show growth rate 

differences at room and 23i 10C temperatures respectively. 
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Table 12. Correlation of snail population to 
I'leteorologice.l factors in 1ebre Berhan. 

No. of snails at each site Meteorol0 .. :ical factors. 
M:onths 

AI I 
1980 

NovembE'C' 22 
December 31 

1981 
J:muary 17 
February 14 
March 1 
April 45 
lIIay 55 
June 11 
July 0 
August 2 
September 0 
October 0 

- - _.-

r- RnDfall -0.47 
. T- M. W~l t. tSJ'lp.+O. 3 
r- R.r::j -0.07 

B _ 

146 
7 

2 
2 

54 
95 
23 
69 
52 

133 
165 
398 

-0.09 
+0.11 
-0.62 

C. 

128 
32 

13 
2 

17 
44 
21 
57 

8 
56 

7 
27 

-0.17 
+0.04 
-0.20 

D E 

I 
8 I 6 
0 9 

I 0 2 
50 11O~ 72 

5 123 
0 28 
5 35 

86 
1

129 
58 176 
2~ I 37 
65 I 37 

+0.75 
-0.43 
-0.03 

I Total No. 

+').76 
-0.44 
+0.28 

of snails 

310 
129 

34 
69 

249 
312 
127 
177 
275 
425 
236 
527 

+0.29 
-0.10 
-0.41 

1 

I 
1 

'Rainfal Mean wai3er B.elative 
(=) temp. ( C) humidity (%) 

22 15.9 52 
0 16.8 63 

0 16.1 72 
0 16.15 63 

180 15.5 58 
20 16.6 57 
22 15.0 64 
')0 14.7 76 

260 13.9 79 
158 15.0 72 

48 16.0 54 
0 16.1 46 

! 
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Table 13. Correlation of snail population to meteorological 
factors in ',vonji. 

~~o. of snails at each sitE Meteorological factors. 

Months 
X y Total No. of Rainfall Mean Temp. (oC) Mean humidity Evap. rate 

snails in = 
1980 

November 57 73 130 0 21.1 45.3 8.1 
December 16 65 117 0 20.8 42.8 7.6 

11981 

January 52 89 141 0 19.6 45.5 8.2 
February 32 26 58 64 22.2 39.5 7.15 
March 38 20 58 118 22.5 42.5 

I 5·8 
April 38 2 40 82 22.9 49.0 i 6.6 
May 21 54 8 8' 22.6 45.5 8.0, 
June 57 65 122 4 23.7 41.0 ! 8.6 I 
July 35 25 50 276 24.8 43.0 ! 6.3 
August 29 8 37 288 22.5 52.5 5.9 
September 36 2 -j0 154 21.6 54.0 5.9 
October 34 11 45 0 21.4 53.5 5.8 

- .. -

r- Rainfall -0.22 -0.61 -0.65 
r- Temp. -0.06 -0.42 -0.44 
r- R.H -0.13 -0.53 -().47 
r- Evap .. r2.te +0.37 +0.90 +0.87 
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:able 14. Natural infection rate of ~.pfeifferi 

Debre Berhan and lVonji 

1980 1981 

Nov. Dec. Jan. Feb. Mar. Apr: .• May. JWle. July. 

0 0 0 0 0 0 0 0 0 

4 0 2 '0 0 8 17 0 48 

Aug 3ept. Oct. 

0 0 0 

60 88 14 
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Table 15. Comparative susceptibility of ~'Efeiff~ri 

from Vionji and Debre Berhan for Adw[l strain of 

S .mnllsoni. 

-
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 

aquaria 

(Wenji) 50D/B 0 ') 

, 

Site A 50W 42 (' 

Debre Berhcm 

50D/B' 24 0 

A.A.U 

Laboratory 50W 39 0 

:j 50])/B 21 0 -

Key. 

I. W= Wonji snails 

2. D/B= Debre Berhan snails. 
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Table 16. Comparative susceptibility of .!2.pfeifferi 
from ',Vonji and Debre Borhan for Adwa strain 
of S.,ffinnsoni. 

Experimental No. oJ No. of NQ. of No. of No. of snnils 

sets-at snclils miraci- snails snails positive by -. 
exposed dia per found shedding diosection 

snail alive cercaria 
28-32 
days 

50.I 20 44 2 8 

Wonji i-----
501N/c 0 47 0 0 

-_. 
50D/13 20 13 0 3 

1-----_.-
50D/Bc 0 34 0 0 

50,[ 20 37 0 12 

50'llc 0 36 0 0 
~ 

Debre 50D/B 20 37 2 8 

Total 

no. of 
posi ti v( 
snails 

I 

10 
--

0 

----. 
0 

--
0 

-

12 
-

0 
--

10 
--1-------

Berhan 50D/Bc 0 42 0 0 0 .-
50 \'7 20 18 3 0 3 

50#c 0 30 0 0 0 
Laboratory 

1-. 

50D/13 20 2 0 0 0 
f---. 

50D/Bc 0 I 22 0 C 0 

Key. 1. \i ~ \Vonji snails 
2. -[de ~ Wonji snails control 
3. D/B ~ Debre Berhan snai ls 
4. D/Bc ~ Debre Borhan snails control. 

, 
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Table 17. Comparative susceptibility of ~.£fei!ieri 

from Wonji and Debre Berh:m for \'Jonji 

strain of 2.~ans2ni, at Debre Berhan. 

" - .. ~ ~ . 
T 

No. of No. of Shedding 
miracidio. snails 

I No. of 
snails snails from 

per snail kept in alive survivors 
group 58 day$'lo.ter 

% aCJ.uaria Number 

Exposed 20 100 26 7 26 

-
Controls 0 100 42 0 0 

Exposed 20 100 19 3 37 
--I-

Controls 0 100 19 0 0 

--
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Berhan 

Table 18. Compo.rati ve susceptibility of B. })feifferi 

from Wonji and Debre Berhan for Wonji 

strain of S.mansoni at Wonji. 

No. of No. of No. Gf Shedding 

miracidia snails snails snails from 

per snail kept in alive survivors 

grornd 28 days later Ne. % 
aquaria 

-
Exposed 20 100 37 11 29 

---
Controls 0 100 48 - -

._- - .-
Exposed 20 150 13 4 139 

f----

Controls 0 150 7 - .. 
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'fable 19. Exposure of !! '12feifferi from Debre Berhan 

to different number of S.manaoni mirncidi8 - ----
under different teDlprature. 

Tempe- I No • of Star- No. of snails alive 
, 
, rature miraci- ting No. -
, 2 4 6 8 10 , °c dia per of snails 

snail Weeks ,Weeks Weeks Weeks Week) 

5 50 45 18 0 0 0 

10 50 37 9 0 0 0 

° jl4-20 c 15 50 44 40 19 7 3 
0 50 40 LID 31 7 7 

5 60 18 9 9 6 6 

23-1 0 c 10 60 50 50 43 23 2 

15 60 1+7 19 4 L+ 4 
0 60 51 21 17 2 2 

No. or-' 1 

sna Us 

bee; rinG 
ro
ts 

spo 
cys 

o 
o 
1 

o 

2 

1 

2 
(, 

--

, 

J 
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Table 20. Exposure of }2.£f.£ifferi from Wonji to dLfferent 

number of S.mansoni miracidia under different 

temprature. 

Tempra

ture 

14_210 c 

2" 1°c ---:': 

I 
~ 

Ho. of 

miraci-

din per 

snail 

-, 

5 

10 

15 

0 

5 
10 

15 

0 

Star-
I. 

Ne. 

ting No. 2 
of snails 

Weeks 

50 47 

50 50 

50 50 

50 48 

60 60 

60 51 

60 22 

60 54 

of snails alive No.of 

4 6 8 10 snails 

bearinp; 
Weeks \/eeks Weeks \W<:~-

4, \sporo-

cysts 

36 8 5 2 2 

31 24 16 lLe 12 

18 12 9 3 2 

41 35 31 16 0 

--
3- 36 32 32 13 

27 12 8 6 6 

23 21 21 18 16 

53 42 40 34 0 

I 
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Table 21. Growth of Illborntory bred !.? • .!2feiffer!: from 

Wonji and Debre Berh,m at room tempernture 

(14-210 c). 

- --
T i m e i n w e e k s ! :3tatistical 

2 4 6 8 10 12 14 16 t-test 
significs!llce 
at 5% proba-
bility 

.-
1.6 2.93 4.46 4.8 4.86 5.12 5.44 4.66 4. 36-Lj.. 21 

1.39-1.64 
not signi-
ficant 

1.6 2.93 3.13 4.82 4.92 5.2,( 5.7£ 5.8L 
~ 0.6 



Table 22. 

: 

Snails 

frem 

I 2 4 
. 

Debre 1,6 3.05 
Berhan 

'Uonj i 1.6 3.5'+ 
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Growth of laboratory 

1 b t C23.± l eO) a oraro y 

bred ~.pfeiffGri in the 

from Wonji and Debre Berhan. 

---,_._--_._ .. 
T i m e i n w k 

; 

Statistic'll e e s 
i . 
l s;ignii'i-

I cance .'} t c,..,/ 

6 8 10 12 14 16 t-test /(1) 

i probabili.!L I -
4.7 5.58 5.9 6.08 6.49 6.8 2.00875-5.025 

1.78-1.82131 

4.46 5.48 5.13 6.54 6.46 6.86 
= 0.406 not 

signi-
ficant 
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DISCm:lSION 

Tho influence of rainfall on the snail population varied 

depending on the topography, water volume, quantity of vegit&

tion of the particular sites. Except for 1 or 2 months of the 

year, both juveniles and adults of ~.Efeifferi 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 strflams or small ponds associated 

with them. Similar effects of rainfall has also been reported 

from studies in Uganda, Zambia and Sirra Leone where snails 

8red rapidly after the rain increasing their population te 

a significantly higher number. (Cridland, 1957a; Cridland, 

1~58). Hovlever in I~aq 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; \\atson 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 E. However the 

March rain created heavy . flooding in site A due to 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 in food supply and better protecti6h offered by 

the growth of aquatic vegitations. In site A for example 

it was after the rain that younB snails of less than 6 mm 

size ap)eared in large number/3 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 vel;etatlinn tOBether with snails and the snails 

could not reestablish themselves until the end of October, 

1981. Sites Band C showed slight reduction in snail 

population density in July but in the former the snail 

" pflpulation reached its maximum in October; in the later, 

howeve~, the snail popUlation density fluctuated until 

Octooer. 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. In sites D and E where aquatic vegitation a 

bvWld" 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 111l:e 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 eudden 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 snail 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 populgtion density in dry months. With slight 

d0crease 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 h~d 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 , ~;arch and April 1981. It could be attributed 

to the increased flow of water due to the rainfall whi6h 

washed away the snails, but from July to October each site 

was independently influenced by the rainfall. During these 

months due to the blockage of water supply from the reservoirs 

site X Vias 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. Bsrbosa and Oliver (1958) have shovm 
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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 wei~ht and hi~her death rate, there by 

decreasing total snail population. 

The heavy rain is relatively important for transmission 

0': the disease. In fact it provides a likely explanation 

of the larger changes in infection rates in August, September 

and October (Table, 14). The infection rate in these months 

was as high as 42"); which when compared to other months is 

very hiEh. 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 

ef water during this months people will be forced t~ 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 

up. This has been shown by many workers for both S.mansoni 

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

and Bennet, 1967; Cridland, 1970; Basch, 1975). Cridland(i970) 

ebserved infection rates in snails ranging from 0-100% depen

ding on the strain of S.mansoni. The reason for these varia

tions in unlmown. Interspecific differences between vectors 
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in reg9rd to physiological factors that determine the 

development of the parasites in the snails hove been infec'ted, 

In Bulinu~ 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 Biomphalari~ species chromosome cOlmts 

were not useful because they all have the same number of 

chromosomes (Natarajan et al., 1965). In this study except 

that therev72s a slight increase in the growth rate of \Yonji 

snails,nothing significant in these terms was observed. 

Snail exposure studies showed that Debre Berhan snails 

were not less susceptible than Wvnji snails. Thus the,

a~scence 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 (lLj·_210c) 

and 23± 10C did not reflect the effect of the number of mira

cidia the,y 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 from 7-230C while in Wonji it varied from 

13.2-280C. In Wonji the temperature is optimal for the 

gruwth of both the snails and the parasite. Except for 
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December 1980, the average in 1V0nji Vias above 20·C. As 

.3hiff (1964-) has noted, at 250 0 snails produced eggs at 

hif';her rote and could ref~enerate their population rapidly. 

Had it not been for the continuous mixing of the water 

in the cenal, the high temp,erature (4-0
0

C) attained by 

surface wuter normally at the middle of the day would have 

heen dangerous to both parasite and the snails. That is 
''1''''~.;-.-,'' .,'. 
accordlng to Berrie (1970) highest tolerable temperature 

o for ~.rfeifferi is between 28 - 30 C. A mean maximum tempe-

ratu~e of 28.60 C in lower and middle Awash is said to be 

inimic21 to 1!..pfeifferi (Meskel et a1., 1980). Exposure 

of snails t. high temperature result in high death rates 

(Gorden et al., 1934-; 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 

suitable temperature. This together with the poor sanitary 

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

of the disease •. 

In Debre Berhan the relatively low temperature encoun-

tered during certain months (fig.3) does not appear to act 

as an ebsolute 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 mira~iGial and cereariul activity and causes 

them to sink to the bottom. Snails also withdraw into their 

shells during cold seasons making it difficult for the mira

cidia to find the snail host. Exposure of snails to miracidia 
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at 100e for one minute did not result in a single infection 

(DeWitt, 1955). with increased temperature condition become 

more favourable for cont2ct between miracidia [md the snails. 

standen (1952) and Stirewalt (1954) have put a minimwn tempe

rature of 23 - 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.haeIllatobiwn to infect snails was 

optimal in temperature ranges between 20 - 30°C. Nevertheless 

° infection occured in temperatures as low as 8 C. In fact the 

ltmgevity 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) 

w~rking on Q.nosophora and Bawnan, 1979 on Q.~uad~ have 

also shown -that within the range of snail activity (12-30°0) 

the parasite completes its life cycle although increase of 

cercarial out put was observed with temperature increase. 

Eggs could be kept alive at 4°0 for long time (Ingall et al., 

1949). 

From the above, it is not surprising that one finds 

shedding sn8ils in Debre Berhan that experience a mean Vlater 

temperature range of 7 - 23°C. 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 Vlork too (Tables 17 and 18). 

Thus the reason for the absence of the diseose in Debre 

Berhan could be due to the presence of only a few people 

infected in the area which mibht have kept the infection rate 

below criticol level. MacDonald (1960), discussing the concept 

of critical level, said that n 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 §.manson.:h.!. ThUS, in order to 

get to the threshold value, the degree of po~lution and water 

contact, daily average egg output eta must attain a higher 

level. The location of the town which is high upon the pla

teau and far from the rivers reduce the chance of faecal 

contamination. Nevertheless environmental modifications 

such as installation of irrigation system could change the 

situation and make it more favourable for the establishment 

of schistosomasis. 
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CONCLUSIONE, 

1. Snails are found all year round in Debre Berhan area 

although their numbers fluctuated differently in each 

study site. The great variatien. 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 ~ 

does not seem to bo tho factor for lack of transmission. 

2. Specios from Debre Berhow are equully susceptible to 

infecion as those from Wonji. 

3. Temperature, water chemistry, pH, oxygen tonsion and 

rainfall were studied and none of them appeared to be 

a deciding factor for the absonce of the,disease trans

mission. Lower temperature prolonged the incubation 

period but was not a barri~r. 

4. 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. 

5. The supply, of piped wa·ter the lnng distance far from 

the town to the rivers and the lack of infected people 

appear to have not favoursdthe,eatablishment of the 

disease at present. 

6. The Q.pfoifferi from Debro Berhan appear to have the samo 

potontial of disease transmision as those obtained from 

Wonji. 
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