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ABSTRACT
Various aspects of the epidemiology of schistosomiasis mansoni were
studied for a period of one year at Bahir Dar with the prime

objective of elucigating the transmission patterns.

Parasitological surveys revealed an overall prevalence of 12% among
residents of Kebeles 8, 9 and 10. More males ( 17%) than females

(8%) were infected ( P£0.01). The overall prevalence for school
children of il Cchibo and Sertse Dengel were 32% ana 45%, respectively.
School children vielded high annual incidence at the second survey

( February). Malacological findings suggested that Biomphalaria

pfeifferi snalls peaked in density in September, towards the ena of
the rainy season in Lake Tana anu in January, around the miadle of
the dry season at a site on the bank of the River Akay. In
September, infected snails were recovered from all collection sites.
Schistosome infection also developed in a relatively large number
of mice immersed in the month of September. In two series of
surveys, the major water contact activities were identified and it
was observed that there were Giurnal and seasonal variations in

these activities.

The study in general revealed that infection rates depend on age,

sex and geographical location with respect to water btody. Snail
population dynamics and associated schistosomal infection szeem to
depend on rainfall and associlated ecological changes. Incidence
studies, malacological findings and sentinel -~ mouse exposure results
suggest that the main transmission season in Lake Tana is towards
the end and after rainy season. Intermittent transmission may also
take place throughout the year. Diurnal ana seasonal variations in
human~water contact behaviours such as playing in water of children,
bathing an¢ swimming appear to have epidemiological significance in

the transmigsion of schistosomiasis.




INTROLUCTIOMN

In a broad Bense, evidemiology can te definec as the study of the
Gdistribution and ucterminants of diseases ant injurieg in human
populations ( mMausner and Krawer, 1985). Discussiung the
epidemiological stuuy of schistosomiasis, Joxrdan and w@bbe(l982)
péinted out that it involves snail intermediate hosts, vertebrate
hosts and the many factors that may influence the common environment
of these hosts anu the parasite. Thus, a profound understanding of
schistosomiasis epicemiology seems to depend on the study of all

transmission factors of the disease.

The principal schistosome species that cause human schistosomiases
p P
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are, Schistosoma haematobium, S. mansoni, S.japonicum, §.1ntercalatum

and S.mekongi { WHO, 1985). Other species such as S. mattheei,

S. rodhaini, 5. rovis and S, margrekowiel occasionally infect humans

in parts of Africa ( Cheeskrough, 1987}.

Schistosoma haematobium primarily cccurs in Africa aund South - West

Rsia with a swall focus in India. 8. wansoni is distributed in parts
of Africa, Southwest Asia and Central anu South America(wright,1973).

S. Japonicum is endemic in China, Thailand , Inuia, Indonesia,Japan

and other Far Fasat countries ( WHO,1985). 5. mekongil is found in
Laos, Kampuchea and¢ Thailand in the Mekongi River Basin(Cheesbrough,

1987). 8. intercalatum is limited in distribution to west and

Central African countries such as Zaire( Wolfe, 1974), Cameroon

(Leschiens g¢f a},., 1969) and Nigeria( Wright et al,1972)..

Schistosomes require snail intermediate hosts of some kind or another
for completion of their life cycle. In Africa, intermediate snail
hosts of S. mansoni and S. rodhaini are species of the genus

Biomphalaria ( Brown, 1980). These snails are widely distributed
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and are represented by four species groups, namely, the pfeifferi
group, the alexanaerina group, the choancamphala group ana the

sucanica group ( Mandahl - Barth, 1958).

In America, three species of the genus Biomphalaria, that is,

b. glabrata, B. straminea and B, tenagophila serve as intermediate
hosts for $. mansoni (WHO,1980). However, the most common
intermediate host in this locus is B. qlabrats.

2 Enerrass

For S. haematobium, S. intercalatum and other zoonotie species such

as S. kovis, S. mattheei and S. margrebowiei which rarely infect

humans, the snail hosts are species of Bulinus (Brown, 1980).

The snail hosts of 5. japonicum and 8. mekongi are certain species

of the genus Oncomelania ana Tricula aperta, respectively ( Vogel

et al., 1972). The distributional pattern of snails and the
fluétuation in their density are governed by ecological factors
which condition the habitat. Generally, snails are said to have
capability of tolerating different chemical and physical factors
within very wide limits ( vekbe, 1982). According to Malek (1958),-
the stabkility of snail hakitats is conaitioned by food, oxygen,
sunlight and water quality, Malek ( 1962) described that the currenj
velocity, nonpermanence of the habkitat, silt content of the water,
temperature and density of aguatic weeds anu algae have bearing on
snails populétiono On the other hand, Berrie { 1970) pointed)tb
water temperature, organic content of the water body and light
penetration. Detailed explanation on the effect of each of this
factor on the snail population was also given by WHO{ 1957) and
tatson ( 1958).

Of abiotic and biotic factors, snail population dynamics is more
influenced by the former( Southwood, 1977). The two abiotic factors

which have considerable influence on snail populations are rainfall
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Wit temerathrs ¢ rphletdicle 7y f_._i";r,f} allEPlabbatly dawareskilvith
wet/ dry seasonal climates build up their population curing the
ury season and are flusheu of their stream habitat uuring the rainy
season. These climatic effects have teen reporteu from different
;

countries ( Webbe, 19603 Cridland, 1958; %ebbe anu mSangi,19687g

Barbosa, 1962; Hairston, 1973; Sodeman, 197%).

In areas where rainfall, water levels, and temperature are relatively
constant, there are no pronounced cyclic changes anua reproduction

may take place throughout the year( Webbe, 1965). Nevertheless,
Ritchie‘gg al.( 1962) and Webbe (1965) have pointeu out the possibilit
of irregular population changes indepencent of external factors by
intrinsically operating factors such as birth rate, natural mortality
and environmental resistance. Furthermore, Webbe(1964) described
that factors which condition the habhitats of snail are apparently
multiple and act together rather than individually. Therefore, it
geems that the effects of factors, other than rainfall and temperaturs
on the snail uensity and distribution appear to be of no less

significance.

Maintenance of successful transmission of schistosomiasis involves
three unrelated aniwmal species, namely, a molluscan intermediate
host, a vertebrate uefinitive host and the parasite focusing on a

common transmission site ( Sturrock, 1986).

For establishment of infection in vector snails, schistosome eggs
necessarily have to reach the habitat of susceptible snails. The
eggs are either directly depositeu in water or they are transported
to the habitat from where they have been deposited. Obvious routes
by which the ova reach snail infested water are direct defecation

inte the water, that is, from latrines built over rivers or canals
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a8 in the Far Fast and from a briuge over a river as in St.Lucia

( Joxdan et al., 1980} .

For 8. haematobium, the wmost common route of contamination is direct

micturation into the water ( Jordan and Webhe,1982).

Christie and Upathaw(-19%7), Gescritea that .thf,?-:.g.r_c:’.at:‘éist-:é-'!‘?.\:l.nﬁ .zé‘f
contamination is from faecai matter deposited behinu bushesﬂor in
tall grass on river banks. This leads to increase in infection
rates of snails with the onset of rains. 'The washing of faecally
contaminated clothing ( Chernin and Antoliecs, 1973) and faecally
soileu hanus ( Jordan et al., 1980) may lead to the introduction
of eqgs into the water. The habits of cleansing of perisanal
faecal soiling while bathing ( lusting, 1965; Prentice et al., 1970)
anu washing of perianal region practices among Muslim males after
defecation may also add small numbers of schistosome eggs to water
( Jordan and ¥elke, 1982). In some situations, secwage may be the

source of contamination( Rowan, 19%64}).

The numerous animals definitive hosts of Schistosoma japonicum and

of less importance, those of S. mansoni, adu to the contamination

of snail habitats with eggs of those worms(Jordan et al., 1980).

Following the contamination of snail habitats with schistosome egygs,
the méjority of these eggs will hatch with the émergence of free
living miracidia. Pmong physical factors which affect the
hatchability of the eggs lie light, temperature anc hydrogen ion
concentration ( Ingalls, citeu by Hairston, 1973). after hatching,
the continuity of the parasities' life cycle depenus on the

miracicial finding and infecting of appropriate snail hosts.

The proportion of snails infecteu with schistosomes at any given

time vepends upon a complex interaction of factors. 'The most
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important of these factors are the distribution and behaviour of
cefinitive hosts, the relative susceptibility to infection of the
strain of intermediate host and such climatic factors as temperature
anu rainfall (Hariston, 1€73). hccording to Christensen(1980),
increasing water velocity, increasing water volume, increasing

water uepth and uecreasing snail density reduce miracidial host
finding. Other factors which influence the infection of snails

by miracicia are the age of snails anG wiraciuia, the number of
miracidia per snall, dispersion of snails anc¢ miracidia, the length
gf contact time, water turbulence anu ultraviolet light(Citeu by

webbe,1982) .

Flowing water is of conciderable significance in the epidemiology
of schistosomiasis «wfor wistributing infective miracidia over
appreciable distances ( Jorcan anc Webbe, 1982). Upatham{(1973)
recorde¢ successful host finding by the S.mansoni miracidium at

a Jistance of 97.54 meters vown stream in mouerately flowing water.
Webke(1966) an< Upatham (1973) described that mouerately flowing
water increases the scanniung capacity and potential contact with
snail intermediate hosts. Weblke{1966) has Gemonstrated the effect

of water velocities on the infection of Biomphalaria suuanica

tanganvicensis exposet to 5. mansoni miracicia in experimental

flowing water system. Vhen snails were exposed to 1 .- 50 miracidia
per snail at water velocity of 0.15 .- 1.07 m/seconv for more than
one hour, high infection rates were recorded in all except in the
snails exposed to akout 1 miracidium per snail. However, how far
these experimental finvings can be extrapolated to infection uncer
natural condition have not been confirmed. On the other hanu,
Upathaw(1273) described that host location takes place at flow

rates of or below 10cm/seconu and miracidia can rarely finu their
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hosts above these level. According to Joruan anwu Webbe(1982),
snails may be successfully infectel at any water velocity they
can withstand, although most infections probakly occur in the
relatively sheltereu conuvitions of the wicrohabitats proviued along

the margins of streams, in pools or within vegetation.

Upatham(1972) cCemonstrated that factors such as hycrogen ion
concentration outsivue the range of 6 ~ 9, MaCl concentration above

4200 ppm an< high turbidity reuuce the jnfectdivity.ol5..msusont ..

miracidia. On the other hand, Malek (1958} found that undernourished
snails harbour fewer parasities anu also that the vevelopment of
sporocyst is inhikiteu. Purnell (1966) showed that the infection
rate in snails increases with increasing temperature up to the
thermal ceath point of spnails. This was Juemonstrateu by DeWitt

(1955) in Biomphalaria glabrata anu B. suuanica tanganyicensis

using §. mansoni miracicia. It was_stated that temperature increases
the activity of both miraciuia and snails, thereby. increasing the
chance of contact ( bBerrie, 1970). By contrast, low temperature
retards the metabolism of toth the parasite anu snail host(Stirewalt,
1954; bDewitt,1955). According to DeWitt (1955} anu Prah anu James
(1977), lower temperature level at which snails are infected by

. . . s . o) .
S. mansoni an¢ 8. haematobiuvm miracidia is 15 - 157C, while the

optimum is 25 - 35°C.

Temperature also affects the viability and hatchability of eggs
( Ingall, 1%949%9(),miracivial transformation to cercaria { Foster,
1964) an¢ the incubation period( Chu et al., 1966; Shattock et al.,
1965), metakolism of the parasite and the host( Stirewalt, 1954

Lewitt, 1955) anu cercarial prowuction ( Shiff et al., 1975).

Cercariae emanating from vector snalills infect humans when they

come in contact with natural surface water Juring everyuay activities




such as washing, bathing, fetching water and swimming. However,
the possibility of transmission from water carried -rto . houses:

for uvomestic uses have also been wescribed ( Polucrman,1974).

vater contact studies have been carried out in various schistosomiasi
enuemic countries ( Pimentel et al,, 1961; Faroog. et al.,1966;
Faroog aund Mallah, 1966; Dalton,1976; Kloos and Lemma,1980;

Fenwick et al., 1982).

The studies are increasingly teing given appreciation for a variety
of reasons. They enable to pinpoint those human activities
involving the greatest risk of exposure( Lalton anu Pole,1978).
Furthermore, Jordan anv Webbe(1982) wescribeu that water contact
stuties help answer guestions relating to variations in egg output
with age, the dvevelopment and role of immunity; ana that they can
inuicate the time and site of transmission when complementeQ with

btiological an¢ paragitological studies.

According to 8toll( cited by Chandler, 1956), akbout 114 million
people were victims of schistosomiasis in 1947 all over the world.
After three years, this figure rose to 150 million ( Halawani,
1959). Recently, it was estimated that schistosomiasis encemic
areas extenu over 74 tropical anv subtropical cbuntries(wHO, 1985} .
In these entvemic regions of the world, abkout 1 billion people are
at risk of schistosomiasis infection ( Sturrock; 1986) an¢ an
estimated 250 million people suffer from the infection{(Christensen

et al., 1987).

The human host appears to solely contribute to the drastic increment.|

Mott (1984) states that" Schistosomiasis is cause« by people-not snail




éhéh é view can be seen from two perispectives. Firstly, poor human
senitary habits leav to the pollution of snail hakitats with the
parasite eggs anu hence snail infection frow which cercariae
emanate to infect the human host. Seconuly, because of inadeguate
planning of irrigation schemes or man made lakes, new breeuing
grounus will be available for snail intermediate hosts, and hence
expansion of schistosomiasis foci. The second situation greatly
enhances the spread of the disease especially with the increasing

use of frewshwater resources to fee¢ the exploding human population.

The awareness of the endemicity of schistosomiasis in Ethiopia dates
tack to the time of Italian invasion. However, regarding its historvy,
authorities ciffer in their views. Some assumed schistosomiasis

to be of recent protlem introcuced from countries such as Saudi
rrabia( Ayad, 195637 Lemma, 1969}. On the other hand, Kloos et al.,
(1978) considered it to be of antiquity and believed that the parasite
existeu in isolated areas such as the Blue Nile Gorge, Lake Tana

area and the Mui Valley.

ryad (1956) by reviewing availakle Italian literature up to 1952

and from his own work concluded that schistosomiasis mansoni infection
was endemic in Lake Tana region, Eritrea, Gondar and Hararghe.
Sukseguently, Chang(1961), Zaphiropoulos (1963}, Kubasta(1964) and

Lo et al.,(1973), among others, confirmed the endemicity of this
Uisease as reported by Ayau(l1956)}. Yiman (. 1964) first reported 10
cases of schistosomiasis mansoni at Woniji. But he assumed them to

ke imported. Duncan and Lemma ( 1976) and Tekelechaimanot and Goll
(1978) further proved the transmission of schistosomiasis mansoni

in this same focus. Buck et al.,(1965) ana Lemma( 1865) showed that
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schistosomiasisg mansoni is also highly endemic in ruawa, Tigray
rdministrative region. Fuller et 8l.,{1979) demonstrated that
schistosomiasis mansoni infection is well estatlisheu in the Omo
Fasin and its tributaries. Gunidersen anu Birrie( 1982)
investigated the distribution of human infection with S. wansoni
in Menui District, Wollega Region. Birrie (1986) surveyed the
Borkena River Basin for S. mansoni and its snail intermediate
hosts. Eshete ( 1987) reporteu 12.4% infection prevalence of
schistosomiasis manosni cases amo?g Anuak ethnic group in

Yestern Ethiopia.

Unlike schistosomiasis mansoni whiéh has a wider geographical
range in Bthiopia, Schistosomiasis haematobium has limited
geographical distribution ( Kloos et al., 1978; lcConnell anu
Armstrong, 1976). Generally it is said that schistosomiasis
haematobium is endemic in the lowlaaus an< schistosomiasis mansoni

occurs in the highlanus of Ethiopia.

Avau (1956) reported two cases of schistosomiasis haematobium at
Gewani in the Middle Awash Valley. Russel{ 1958) gave conclusive
evidence of the endemicity of SChistoéomiasis haematobium in this
region and in Ethiopia as a whole. Subseqguently, this was confirmed
by Lemma { 196%8). Regarding the history of schistosomiasis in the
Awash Valley, Lemma believed that this infection was imported from
the highlands of Ethiopia when people moved to the low lands of

Awash in search of jobs anu better opportunities.

The endemicity of urinary schistosomiasis at Wabi Shebele floou -
Plain, Eastern Ethiopia, was reporteu by DUe Sole et aly;. (1978).

rli gt gl.(1986) reporteu for the first time high infection rate




of schistosomiasis haematobium from Kurmuk, ¥Wollega Region in the

Western boarder of Ethiopia.

Reports from all 14 auministrative regions of Ethiopia have shown
that the number of reporteld schistomiasis cases increasew from
1024 cases in 1972 to 21801 in 1976 { Institute of Pathobioclogy,
1980), Nevertheless, to what extent these figures are correct
representations of the actual cases is guestionable because,
systematically collected and representative uata from which the

conclusion was drawn is not presenteu.

Reeently, baseu on the countrywide survey carrieu out from 1978
to 1982, nyele ( 1982) reported the occurence of infection due to
schistosomiasis mansoni in 136 communities of the 216 surveyeu
anu an infection rate 6.2% for schistosomiasis haematobium in 17
communities examined. ke also estimateu that 14 million and 3
million people a;e,living in risk areas for schistomiasis mansoni

anu sSchistosomiasis haematobium infectiocus, respectively in Ethiopia.

The fact that new schistosomiasis foci are being describeu may be
an indication of the épread of the wisease to the new areas
previously free of schistosomiasis and/or it may be the discovery
of the already established schistosomiasis foci following the
introduction of community services such as health services and

roac constructions to the rural and remote areas of the country.

wmith regards to malacology, our current knowleige of schistosome
intermeciate snalil hosts in Gthiopia is based upon malacological
investigations made by various workers. The results of these
studies have been summarized by Lo EE al.(1988). This review also

Jdeseribes the taxonomic status of the snail hosts.




In the hwash Valley, the intermeciate snall host fer -S. haematobium wa

shown to be Bulinus abyssinicus ( Lo,1870). In the Yaki Shebele Vall

the snail host is not knowm ( Le Sole et als 1978). For the receantly

*
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fount S. haematobium focus, Kumuruk in Western Wollega, the snail

host is B. africanus ( Ali et al., 1986). Snail intermcuiate hosts

for S. mausoni are Biomphalaria pfeifferi anu B. sucanica.

Control efforts of schistosomiasis have been made at Auwa and Wonji
and Shosa sugar estates. In Awya it was possikble to rewuce
prevalence of infection from 62.5% to 36.4% after 5 years application

of local streams with enuol ( Powltereu berries of the plant Phytolacca

B

CY

Jodecandra) ( Goll et al., 1983). However, kecause of discontinuation

of the programme, control has not materializeu. Contrel efforts
mace at Woniji using Fresion ( N - tritylmorpholine) anu Bayluscidue
{ niclosamice) also have not been successful for the same reason
as that of pcwa ( Teklehaimanot and Goll, 1978). Investigation
on the ¢isruption of bilharzia transmission was also maue in the

Kurtume floou plain of the Awash Valley ( Haile - Meskel et §l°,1981).

To prevent fprther ex¥pansion or to eradicate schistosomiasis in
Ethiopia, a systematic schistosomiasis control programme to be
implemented by the health services has not yet been formulated.
However, accoruing to Lo et al. ( 1¢88), a national schistosomiasis
control programme 1is now being developed baset on the epidemiblogy
and geographic vistribution of schistosomiasis anu its intermediate
hosts. The programme is facilitated by the restructuring of the
Malaria Control Programme to inclute schistosomiasis anu other

vector-torne Juliseases.




Wwith regard to schistosomiasis mansoni in Lske Tana, its endemicity
is well established. However, the surveys of this Cisease made at
Lake Tana shore in Bahir Dar ( hyad, 1956; nyele et al., 1986) were
sketchy, time limited and mainly focused on the prevalence of
infection. VWith respect to longitudinal patterns of transmission
Jdynamics of schistosomiasisg, no stuuy has been undertaken to uate.
The general objective of the present stuuy was , therefore, to
elucidate transmission patterns of schistosomiasis mansoni in the
town of Bahir Lar. Specific objectives were to assess indices of
human infection in the study population: to finu out changes in
the snail population and associated schistosomal infection in the
snail hosts with time; to identify important water contact
activities: anu to esﬁablish the time-scale of transmission in this

encemic foous.

Unlike the prewvious surveys conducted in the region, the present
stuvy consicers more epitemiological parameters. Hence, it is
hoped that the fulfillment of these objectives may proviue base-line

data for the future control strategy to be instituted in this focus.
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MATERIALS FHD METHODLS

The Stuuy area

Bahir Lar is a lake - port touwn located in Gojjam acvministrative
region in the north western part of Ethiopia. It is geographically
locatedu almost on the border-line of Gojjam and Gondar auministrative
regionsgomewhere at the southern most part of Lake Tana, the source
of the River Abay ( The Blue Nile). More .»specifically, the town

of Bahir Dar is located at 11°33'W anG 37°24'E. It has a direct
access btoth to the water of Lake Tana and to the very upper most

course of the River Abay.

Bahir Lar is one of the most important urbkan centers in the north
western region of the country and a noteable tourist center. It has
some 320 and 490 kilometers air and ground distances, respectively,
from the capital city of the country, Acddis Ababa. The town is not
only an important political and economic center but alsc has a
significant population concentration. It hau a total population

of 61,310 as of Juune 1987. Of this 27,238 anu 33,392, respectively
were males anu females. It is one of the towns of the country
which is consiuered fast growing for its population has doubler]
within the past 10 years, with a growth rate of more than 5 per cent,
which is more than the national average. With regards to the
health services, there is one hospital, one health center and five
pharmacies in the town. Mccording to the 1987 study entitled

" Basic physical and social.Infrastructure pProfiles of Bahir Dar,"
the most prevalent diseases among the avult population were, in

order of severity, intestinal parasites ( Particularly Schistosoma

mansoni), tuberculosis, obstetric complications anu traumatic
obstacles, that is, asthma and cardiovascular diseases. pAmong

the children, the worst dJdiseases were malnutrition, gastro - enteritis,




measels and whooping cough ( Ministry of Health, 1987).

pMuch of the prevalent illiness is in part dJdue to lack of sanitary
facilities. There is no sewerage system. The majority of housing
units have no toilet facilities of any kind, The houses are not
screened that flies and other discases carrying insects breed

freely and contribute to the spread of diseases.

Parasitological methods

The parasitological methou employed was Kato technique moaified by
Peters et al.(1980). To collect stool specimens from the subjects,
kig roll of thin plastic was cut into pieces and distributed out

to the subjects by assistants of the researcher at Kebeles' offices.
The faecal material being placed on a piece of plastic was pressed
through a stainless steel sieve ( mesh size 105) to remove coarse
fibres and large solid particles. The sieved stools were scraped
with a wﬁoden tongue uepressor ant applied to the hole(6.5 mm
diameter) in the aluminium template dJdelivering 20 mg plug of sample.
wWith careful removal of the template, a 20 mg plug of faeces was
left on the slice. On this plug, a 25 x 35 mm glycerol - malachite
green ~ impregnateu cellophane coverslip was pressed thereby creating
~a thin ¢isk of stool for examination. Two Kato slives were prepared
from one stool specimen and each was read twice by the same
technician at the Institute of Pathobiology. Egg counts were made

only for Schistosoma mansoni, that is,the ova of other helminthes

were not quantit ated ; only their presence was noteu. The
intensity of infection was expresseu as the geometric mean of

egg counts.
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Parasitological studies

Prevalence studies. Stool specimens were collected from residents

of Kebeles 8,9 and 10 and school children of il Chibo and Sertse
vengel elementary Schools( Fig.l). Residents of Kebele 10 have
access to roth the River abay and Lake Tana, but prefer using
river water for all activities and purposes. Residents of Kebele

¢ have access only to the River Abay, whereas those of kebele 8

are far from both water bodies.

After getting information on the number of households and family
size from kebeles' offices, 20 per cent systematic random surveys
of the total households were made for each of the three kebeles.
All mewmbers of the seclected households were told by Kebele office -
bearers to come to kebeles' offices in the morning in order to
provide stool specimens. The number of subjects samplea from each
kebele is shown in Table 1. For measuring $. mansoni infection
rates among the school children, lists of students from grade 1-6
were obtained from the teachers in Dil Chibo and Sertse Lengel
schaols and 20 per cent systematic ranuom sampling was selected.
Thus, 331 students in Lil Chibo anu 384 students in Sertse vengel

schools were selected for the study ( Table 2).

At the time of stool specimen collection, every individual subjected
to the stool examination was interviewed by the researcher and his
assistants about his/her age, sex, the place where each person had
been living previously prier to coming to Bahir Dar, religion,
occupation, water contact activities and source of household

water supply.

Incidence studies. For incidence measurement, school children in

the two schools who were found to te negative at the original

parasitological survev carried out for prevalence determination

and who were 6 to 10 years were used. Accordingly, 171 children
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Fig. 1.4 partial sketch-map of Bahir Dar town showing sites of varasitological, majacologicsl,
transmission and htman-wutelr contact studies,
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from Uil Chibo and 106 children from Sertse Dengel elementary
schools were studied. Incidence survevs were carrieu out at siw
months interval for a periou of one year. Annual incidence was
calculated using a formula described by Faroog and Hairston( 1966),

X12/Y

that is, I = 1 = ; where I is annual incidence and X is the

proportion remaining negative for Y months.

Malacological studies

Snail surveys, like all other aspects =f the study, were commenced
in March 1987 and terminated in I'ebruary, 1988. 8Snail collections
were carried out at four human water contact sites icdentified after
making obsexrvations on human water contact activities. The sites
were Meshesh ( M )}, keneath the pAbay river bridge ( AB), near the
Polytechnic Institute ( P ) and near the Saint George Church{ GC)

( Fig.1 ). Except site AE which is situated on the Alay River

tank, the rest are along Lake Tana.

Bimonthly snail collections took place at the selected sites by a
method suited to a particular site as the type of water btody
determines the sampling method { Sturrock, 1986). At almest all
sices of the lake, Sparse littoral vegetation gre¢w and was
interspersed with big rocks. In such habitats, collections were
made by handpicking ( sites P and GC). Wwhile handpicking, forceps
and gluves were used to avoid direct contact with the potentially
cercariae ~ infested water. The bimonthl§ handpicking anc forceps

collections were acne for 2 hours at ecach site.

Site M alongside Lake Tana anu site 2B on the bank of the River

Abay hau relatively few scattered rocks and dense vegetation that
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snails coulu not ke visible to the naked eye thereby necessitating
for the blind pass of a standard scoop{Fig.2}and scooping time of’ 30

minutes,

buring collection, care was taken that the same p@rsows»mer@:usesto
collect the snails systematically anc with uniform speeu at the
same site throughout the collectioh periou, »5ll snails were

collected in morning hours.

The snails collected were immediately carried to the Bahir Dar
Teachers' College Biology laboratory on the day of collection.
Letaileu information of size and cercarial infection rate were

obtained only for Biomochalaria pfeifferi snails. The maximum

viameter of the shell was measured to the nearest millimeter using

a plastic ruler fixed on the top of the laboratory table. Crushing
ana sheuuing were employel to check for cercarial infections.
Inmediately after collection, arounu noon, snails were placed
indivicually in glass tubes of about 10 ml capacity containing clear
pond water. They were exposed for 4 hours to artificial light
source in the laboratory. The emanating cercariae, if any, were
observed using hand lense or microscope. Snails which Jdiu not shed
cercariae were examined by crushiug,” Snails were crushed between
two microscope slides an<¢ the cercariae were searxrched for in tissues
under a dissecting microscope or low power microscope okjective by
the researcher. »nlthough much attention was paid to human
schistosome cercariae, the presence of other cercariae such as
furcocercous - longifurcate cercariae and xiphidiocercariae was

noted.

Meteorogical data from March, 1987 to PFebruary, 1988, that is,

monthly air temperatures and rainfall were providew by the Meteorology

station situated in Bahir Dar town.
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at each visit to each collection site, the physical characteristics

( water level, water velocity an¢ vegetation )} of the site were

briefly noted without carrying measurments.

Transmission studies

The Swiss albino strain of Mus musculus mice usea in the

transmission studies were purchased from the National Research
Institute of Health, Addis Ababa. Mice ilmmersion took place every
two months at each of the 4 water contact sites in groups of

5 using 4 floating cages { See rig.3 )for 2 hours between 10:00
a.m. anﬁ 12 a.m. After 6 weeks laboratory maintenance at Bahir

Dar fTeachers' College biblogv laboratory, the mice were
franéported to the Institute of Pathokiology, Addis Ababa, to

be sacrificed for the recovery of acult worms by the perfusion.:
method following the procedure described by Duval and LeWitt

{ 1967).

vater contact stucies

.

water contact studies were initially carried out at all selected
human - water contact points for 4 days to obtain an overall
view of activitiés, age and sex distribution of the users at
each site. But, guantitative water contact observations were
continued only at site AB after it became clearer that there

was no clustering of water contact activity at any one point.
Site P was fenced for recreation anu assigneu guards 8 months
after the commencement of the study. However, observations have
shown that some intruders washed clothes, swam and kathed when

guards were not around.
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At human water‘contact point AB, 2 series of water contact
observations were made. The first series of observations was
made in the rainy season ( July, 1987) and the second in the
dry season (.December, 1987) for seven consecutive days from
6:30 a.m. to 6:30 p.m. Hence, the data included in this paper

is based on aobservations made at water contact site AB.

To accomplish this aspect of the study, forms were prepared by
the researcher with details of major water related activities
at human - water contact sites, sex and age groups in years

{ 2ppendix I ). To determine duration of exposure ( contact)
ano diurnal variations of ‘water contact activities, forms

portrayed in Appendices II and IIY were used, respectively.

For noting all activities going on at the 4 human - water contact

sites, 4 local students trained by the reseaxrcher were used.
The stuaents were trained on how to fill the forms. Each of

the 2 students were placed at.one water contact site aud they

recorded all human - water contact activities by type of activity,

time of entry into and exit from the water, age and sex of the

users, The researcher supervised the observers auring each

water contact survey.

Statistical analysis

To test for the significance of difference in incidence between

schools and the significance of aifference in prevalence Lbetween

schools, kebeles anu sexes, & -~ test was used ( Snedecor and
Cochran, 1967). Also, grapns and tables were used in the

analysis.
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RESULTS

Parasitological findings

Results of stool examination of individual kebeles are summarized
in Table 3. The overall prevalénce of infection for residents of
kebeles 8, 9 and 10 was 12%. More males ( 17%) than females (8%)
were infected. This differénce is statistically significant at

0.01 level. In none of kebeles were any Schistosoma wmansoni

infeetions found in the age 0 - 4 years. 'The peak prevalence of
infection in toth s¢ xes (23%) accured in the 10 - 14 years age
group. Prevalence Geclined after age group 10 - 14 years. However,
little rise in prevalence was evidenced in the subjects <f 60 and
alove vears. Intensity of infection shows a similar pattern of

age variation as prevalence ( Fig.4).

The prevalence of S. mansoni in Sertse Dengel school was 45% and
that in Dil Chibo school 32%. This difference is statistically
significant at 0.01 level. Males had higher prevalence of infection
than female8 ———-42% for males and 18% for females in Uil Chibko
school and 51% for males and 37% for females in Sertse Dengel
school. The highest geometric mean egg count was obtained for the
age group 10 - 14 years, followed by age group 5 - 9 yeafs, and |
then by age group 15 - 19 years. This pattern closely corresponds
with the age 1link prevalence ( Table 2 ). Interviews made with
both nonschool and school populations at the time 6f stool specimen
collection showed that about 96.6% of the subjecﬁs in the sample

had lived at least 7 years prior to the survey in Bahir Uar. This
indicates that nearly all positive cases had acquired their infection

in Bahir Dar.
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Table 1: Prevalence and intensity of Schistcsomaz mansoni infection by age and sex among
residents of Kebeles 8, 9 and 10 in Bahir Dar.
dge Group in years
04 __5-9 10-14 15-19 20-29  30-39 _ 40-49 50~59 60 * Total
o No.Pos./Nosexamined o/i2  1/8 x6/104  3/100  3/47 1/20  4/58 0/10 1/8 34/367
T‘:g % Positive 0 13 15 8 6 5 7 0 13 9
¥EPGS o236 173 83 75 50 57 0 50 89
o o] MNo.Pos./No.examined 0/4  0/16 9/104 3112 1/48  2/56  1/28  0/9 0/4 16/381
ot & 7 positive 0 0 9 3 2 4 4 0 0 4
21 & _xz=res o .9 ¢ 63 100 7150 0 0 74
o]
. | No.Pos./No.examined 0/16 1/23 25/208 11/212  4/95  3/16  5/86  0/19 1/12 50/748
% positive 0 4 12 5 4 4 6 0 8 7
=l mpgs 0 136 130 74 88 61 54 0 50 85
of NoePos./No.ezamined /T  3/3 16/44  10/47 3/17 1/7 2/16  1/15 2/15  38/179
3 % positive 0 27 36 21 18 14 13 T 13 21
o1 Tl* ZEes O 104 343 _62 50 100 11 50 15 . 107
3 ,% No.Pos./Nol.examined o/14 1/16 9/20  11/44  2/88 3/48  3/32  0/9 0/4 29/275
ig £ / posivive 0 6 45 25 2 6 9 0 0 11
= Bt % BPGS 0 50 110 81 71 75 86 0 0 79
- NooPose/Nosexamined o/21  4/271 25/64  21/91  5/105  4/55  5/48  1/24 2/19  67/454
1 /% positive 0 15 39 23 5 7 10 4 11 15
£ _* BFGS 0 11 227 712 61 88 19 50 15 91




Table f. Contd.
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Age group in years

. 0 -4 5-9 &0 ~ 14 15 ~ 19 20~-29 30-39 40-49 50-59 60 _* Total
' Ko.Pos. /iio.examined 0/25 29/115 34/65 11/41  6/27  4/24 3/20 2/19  1/14 80/350
%’ % positive 0 17 52 27 22 17 1% 11 7 23
= % ZPGS 0 134 173 104 65 59 63 50 100 94
° 104705, /Noe.examined 0/14 10/92 13/85  4/58  4/65  3/51 2/40 2/32  3/30 41/467
S g 4 positive 0 11 15 7 6 6 5 6 10 9
o = * 2pgS 0 127 283 173 50 63 71 100 63 116
8 o KooPoss/No.examined 0/39 29/207 41/15¢ 15/99 10/92  1/75 5/60 4/51 444  121/817
g 8 % positive 0 14 31 15 11 9 8 8 9 15
B * TPES 0 131 228 139 58 61 67 75 82 105
_ © No.Pos. /Ho.examined 0/44  23/134 66/213 29/188 12/91  €/s1 5/94 344 4/31  152/896
@] B 4 positive 0 17 3 15 13 12 10 7 11 17
'§ =1 % IPE3 ) 125 230 84 63 70 64 50 75 95
P B No.Pos./Fo,.examined 0/32  11/124 31/209 18/214 T7/201 8/155  6/100  2/50  3/38  86/1123
- § % positive 0 9 15 8 3 5 6 4 8 8
2 R * BPGS c 89 160 106 74 70 9 75 63 89
3 Ex HeoPos o /Nosexamined @/16  34/258  97/422 47/402 19/252 14/206 15/194  5/94  1/75 238/2019
a8 % Pesitive ) 13 23 12 7 7 8 5 9 12
* EPGS 0 107 195 95 69 70 67 63 69 92

* BPGS : eggs per gram of stool
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Takle 2. Prevalence anud intensity of S. mansoni infection by age
and sex among chiidren of Lil Chiko anau Serige Lengel
elementary schools

Lge group in years
5-9 10-14 15-1% Total
“1"No. Pos./No.examined 30/85  51/102 3/13 84/2060
% % positive 35 50 23 42
| & | * EPGS 104 149 100 118
1. No.pos./No.examined 6/5GC 16/74 1/7 23/131
S el % positive i2 22 14 18
B 48 | * npcs 85 107 50 61
o]
a | '
A No .pos./No. exawined 36/135 ©7/176 4/20 107/331
E 14 % positive 27 38 20 32
; g | * EPGS 05 128 75 99
- No.pos./lio. examined 21/09 8c/130 7/25 114/224
% % positive . 30 £6 - 28 51
,-4 = 1 ¥ EPGS 199 281 136 205
3 . — . - "y
gg o | No.pos./No.examin@d 21/64 34/85 8/21 63/170
+ | a1l % positive 33 . AQ 38 37
B 18|+ rras 158 209 9 154
& | e .
@ 1 Ro.pos./Wi.exanined A2/133 120/215 15/416 177/394
i B | * positive 32 56 33 a5
A&« rpes 179 245 116 180

.

* EPGS:  eggs per gram of stool
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Interviews further showeu that more housceholus in Kebeles 8 and 9

hau pipeu water supply than kebele 10,

Examination for other intestinal helminthiases gave prevalence
of 61.8% for ascariasis, A2% for trichuriasis, 36.5% fox

ancylostomiasis and 7% for taeniasis.

Incidence of schistosomiasis mansoni amang children agea 6 -~ 10
vears in Dil Chibo and Sertse Dengel schodls is presented

in Table 3., Inciuence among children was slightly higher in
Sertes Lengel school ( 3.7% and 5.7% at first and second surveys,
respectively) than in Lil Chilko school ( 3.4% anu 3.5% at first
and second surveys, respectively), although this uifferences

between the two schools are not statistically significant(Pk 0,01).

Malacological finuings

The number of snails collected bimonthly in the stuay sites, the
number with cercarial infection and the monthly -rainfall aund

temperature data are indicateu graphically in ¥Fig.5.

Mt site 2R on the kank of the River Abay, Biomphalaria snails

tencded to uecrease in number from dMarch, 1887 to July, 1987 after
which it started to gradually increase until uensity reached a

peak in January 1988, around middle of the dry secason.

At sites M, P anu GC on the shore of Lake Tana, the patterns of
change moteu in popoulation of B. pfeifferi were similar. From
March, 1987 to May of that year, the number of snails collected
was declining except at site M where no snails were collectec

in March tecause oficompletedrying . of :the hakitat i .From July, .
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Table 3. Incidence of schistomiasis mansoni among children aged 6-10 years in Dil Chibo and

Sertse Denegel elementary schools, March, 1987 - February, 1988.

No. of children found negative
Dil Chibo school Sertse Dengel school
Age(years) Original 1%%ncidence 2°¢ incidence Ori ginal 1%% neidence 2 incidence
parasitologic survey survey parasitologic survey survey
survey survey
(Mareh, 1987) (Sept.1987)  (Feb, 1988) { March,1987)  (Sept.1987)  ( Feb. 1988)
) 8 8 8 11 11 11
7 > > 5 14 14 14
8 35 35 35 > 5 _ 4
9 68 67 66 29 28 28
10 55 53 51 47 46 44
Total 174 168 168 106 104 101
Annual Incidence 3.4% 3.5% 3.7% 50T%




=20 =
1987 to Septembker ©f the same year, snails tended to increase
in number and their density peakeu in the montha of September.
rfter September, the number of snails collected kimonthly

progressively declined until relatively few snails were collected

in January, 1988.

Infected snails were collected from site GC in March, from site P
in November anu from all sites in September. In May aud July 1987
and Jan., 1988 no infected snails were collected from any human -
water contact sites. VWater level, in both Lake Tana and the

River BAkay, attained its annual peak in August after which it
starteu to decline gradgually until the next rainy season. ~rlthough
no measurement of the velocity was taken, observation indicateu
that the water of the River Abay attained marimum velocity in the
rainy season anu the flow rate decreased in the cry season. with
the falliﬁg water level, the deﬁsity of aquatic vegetation declined
and many snails were seen stranued uepd on rocks anu vegetation.

lmring collection, snails were mostly found associated with leaves

of Ceratophyllum Gemerusum L., and rarely with leaves anu stem of

Nymphae s caerulea Sav. and Cyperus papyrus L,other aguatic weeus,

decaying wood anu rocks.

The annual average temperature of the stuuy area during the study!
period was 18.6OC, which very nearly appro¥imates the average
temperature of the coldest months of November, bLecember anc
January. The warmest months of the year were March, aApril and
May. The highest maximum temperature observeu was 29.9°C in

rpril.
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The driest months of the year included November, Uecember, January,
February, March and April in which the monthly rainfall was
extremely lower than the annual average of 94.7 mm. It was in
Decemker that zero observation was made. The wettest monthsg
which received greater than the annual average rainfall were May,
June, July, hugust, September and October. The highest amount

of rainfali, about 245,44 mm was received in August( Fig.5).

Sentinel -~ mouse immersion

Results of sentinel mouse immersion are shown in Table 4. at sites
M and P, schistosomal infection developed in mice only on one
occasion ( September). In mice immersed at human~water contact
site GC, infection developed on two occasions { March and

Septemter) and no infection developed in mice immersed at site pB.

Water contact observations

Tables 5 and 6 show the major water contact and contaminative
activities hy age, sex and season recorded during two series of
observations at human«wéter contact site RB. fTable 5 indicates
observations made in the rainy season while Table 6%*is a recoxd
of observations made during the dry season. Water contact patterns
for the rainy season were, in order of decreasing frequency,
washing extremities ( 41,97%), water collection ( 34.73%),
bathing ( 9.17%), drinking ( 8.03%), washing clothes( 2.75%),
fishing ( 1.61%), swimming { 0.85%}, defecation { dontaminaﬁion),
( 0.49%) and playing { 0.39%). The patterns for the dry season
were washing ewtremities ( 31.1%), water collections ( 28.1%),
swimming ( 10.29%), drinking ( 9.49%), bathing (6.49%), washing
clbthes ( 6.24%), playing (5.29%),fishing(2.47%) and defecation

(contamination) ( 0.59%).
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Table 4. Senbtirel-mouse immersicn results

Site
Honth il _AB P GC
No.immersed % infected No.immersed % infected No.immerged % infected NB.immersed % infe

1987
larch 5 < 5(1) O 5 0 5(2) 6.
Yy - 5 0 5(3) e 5 0 5 0
July 5¢1) 0 5 0 5(2) 0 5(L) 0
Septe 5 20 5(2) 0 5(2) 53e5 5 ' 20
Kov.a 5(2) ¢ 5 o #5CL) 0 5L 0
1988

- Jaz. 5 0 5(1) 0 5(2) 0 2 0

K.B.~ Number in the brackets revresent mice died during laber&tery maintenance.
- = Percenbtage infected is calculated based on the number of mice survived to the time of perfusione.



Table 5: Hater coantact
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activities by ase and sex, July,:987 ( rainy scason).

Aze group in years

Particular activity 0 -4 5-9 214 15 =19 20 =29 30 -39 40 =49 50 ~53 60+  Total
¥ _ M PN F M F U i} F il N R ¥ b
Heshing Clothes - -~ 8 13 4 20 ¢ 18 - 11 - - - - S 84 2475
Water collecticn - = 20 28 66 164 28 202 4 342 8 152 - 46 - - - 1060 34,73 |
 Swimming - - = - M - 5 - T - - - - - - - -~ 26 0.85 |
Bathing - - 20 - 34 10 42 8 18 38 26 T4 10 - - - - 280 9,17 |
Washing extremities - = 54 38 94 114 59 114 186 178 180 106 119 29 10 - - 1281 41,97
{ Drinking - = 24 10 39 30 22 30 42 10 10 18 10 - - - - 245 8.03
Playing - - 4 1 2 - 5 = = e e e e e e - - 12 0639
Fishing - - = =~ 14 - 10 = LR 10 = 10 - 2~ g 49 1.61 |
Defecation - - = - - 1 3 - 4 = - 5 - 2 - = - 15 0.49 |
(Contamination)
Total - =122 77 271 332 178 374 274 586 234 366 149 T7 12 - - 3052
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Water — contact activities by age and sex , December, 1987 ( dry season).

Age group in years

Particular activity 0—-4 5 -9 10-14 15-19 20—29 30-39 40-49 50-59 Total % i
¥ F M _F M _F W _F ¥ ¥ M F ¥ _F M 'F M
Washing [friked . - = - - 11 16 23 38 34 47 29 66 16 19 11 2 303 5024
Water ccllection 1 5 97 123 107 14 7 150 17 308 5 257 5123 =17 = 1363 2841
Swimming 3 5100 70 108 72 88 15 37 =~ 1 - 1 - - - - 500 10629
 Bathing 5 6 2 8 14 17 28 12 44 32 56 38 3% 5 10 2 - 315 6049
Hashing extremities 12 26 70 84 168 108 203 15 247 103 95 68 105 10 34 18 8 1509  31.1
Drinking 1 - 40 51 52 40 57 54 6L 47 30 2 13 3 - = = 461 9449
Playing 5 5121 32 77 5 12 - - - - - - - - - - 257 5429
| Fishing - - 10 - 64 - 39 - 4 - 1 - 2 - - - - 120 2647 1
Defecation 1 - 7 2 4 - 6 1 3 101 - 1 - - - 29 0,59
(Contamination )
| Total 28 47 447 370 615 399 463 420 446 540 218 432 178 161 45 38 10 4857



Pakle 7: Liurnal variation in freguency of water contacts

( % contacts ),

Aetivity e ba.m-9a.m, Ya.m-12a.m 12a.m-3p.m. 3p.m-6p.m.
washing clothes 20 30 33 17

Water collection 2467 21.7 14.9 38.2
Swimming 5 32 a3 20
Bathing 16 19 A4 21
Washing extremities 28.8 16.4 31.3 23.3
Drinking 12.5 34 29.6 23.6
Playing 2.7 10.3 57.6 29,46
Fishing 16.16 13.13 A0.4 30.3
Defecation 2414 - 20.7 34.5 20.7

{(contamination)
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‘There were relatively more contacts for washing clothes and
water collection for females thon for males. FBathing ana
swimming were predqminantly oerformed by males. Playing in
water was restricted to chilaren. Fishing was purely the
activity of males. In other activities such as washing
extremities and ¢rinking water, the freguency of contacts was

similar in roth sexes.

Yashing clothes. Eoth females and males of ages more than 106

years were involveu in this activity. buring washing, they
either stoou directly insiue the water and washed clothes on
rocks protruuing from the water or they washed on bkasins laid
asice near the bank with water drawn in Pails. In standing,
watey asuailylyeacheé@upuboﬁghbiniga&MPSGanﬁwwhiiﬁlHaﬁbéﬁguaE.
hands were immerscs up to the wrists. Most people used socap

to wash clothes.

Water collection. This activity was mainly performeu by females

of all ages except the very young anG eluerly. Clay pitcher was

the principal container for water. Few adult males were
observed filling the water in large plastic barrels anu carted
it home for various purposes. VWhile washing or filling the
barrels, water splashed up to their elbows or their knees if

they were wadding in the shallow parts.

Swimming and playing. These activities were found to be more

predominant among ktoys. Swimming involved a consideralle
kodily exposure to water.
Children went to the river to collect water or for the mere

purpose of playing in groups, or accompanying someone who went
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there to collect water or perform other activities. HMore male
children than females enjoyed playing in the water: civing into
shallow water, wadGing and running in the water, splashing water
over one another, and so on. When they splasheu water over one
another, they immersed their hands up to wrists and in running

anu wadding about, the legs might be exposed up to knees.

BathingLike in swimming, there was a considerable bocily exposure
to water in bathing. More males than females indulged themselves

in this activity. Some people useu soap when bathing.

Washing extremities. This incluced washing hands and feet. While
g

washing the hands, water usually reacheu up to elbowsi:othilipdle

washing feet, water may reach up to the knees.

Lrinking. People usually did not go to the river for the mere
purpose of CGrinking water. Eut they were observed drinking
while performing other activities, for instance, -washing clothes,
collecting water, etc. Vater collectofs used their container

to drink with. Those engaged in other activities used cupped
hands brieflv washed or drank directly from the river by

kneeling or howing down.

Fishing. Line fishing was the common method used to catch fish
ana it wvas an activity entirely performed by males. It involved
minimal kody exposure to water when removing hook from fish

or when skinning.

Lefecation. Observations of human excretion behaviour revealed

that a few incividuals of both sexe.defecated uncder bushes and
in tall grass just on the river bank. Very few children were seen

defecating on rocks in water when swimming or bathing.
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Based on the average time taken for different activities in

contacting water, the patterns of activities in a Gecreasing
order were washing clothes ( 59 minutes), fishing ( 41 minutes),
swimming ( 28 minutes), bathing ( 15 wminutes), playing (12
minutes), collecting water ( 5 minutes), washing extremities

( 3 minutes ) and drinking { 2 minutes).

Table 7 shows diurnal variations in water relateu activities at
human water contact site AB. In activities such as washing
clothes, swimming, bathing, drinking; playing and fishing,

more than 50 per cent of the contacts with water took place
between 9 a.m and 3 p.m., while collecting water and washing
extremities involved less than 50 per cent. Before ¢ a.m.,
collecting water (.24.7%) anu washing extremities ( 28.8%)
formed the highest intensityof contacts with water. after 3 p.m.,
activities which had the highest intensity were collecting

water { 38.2%}, fishing { 30.3%) and playing ( 29.46%). Table

7 also shows that more than 50% of incidences of defecation took

place around noon.
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DISCUSSION-

Parasitological surveys conuucted in the town of Bahir Dar by
investigators such as Ayele et al, { 1286) revealed high infection
rates forintertinal helwinthiases. The present study conuucted
from March 1987 -~ February 1988 also inauicated siwilar infection
rates. This reflects poor sanitarv habits which maintain the
life cycle of the parasites. Particularly, the habits of
defecating in the open - air, mainly observed among children,

seem to be the chief contributor to the high prevalence.

The residents of the river front kebele 10 were expected to show
higher prevalence of schistosomiasis mansoni infection than those
of Ketele 9ty virtue of its proximity to the river Abay, scarcity
of pipeG water supply and frequent exposure of the residents to
river water. However, their prevalence was found to ke equal (15%).
The fact that the findings did not support the expectation might
suggest that the snails and the parasite at the water contact

site facing kebele 10 may have keen more affected by the relatively
stronger water current at that site. 7The river course anu bank
aujacent to kebele 9 had relatively Genser vegetation. However,
to confir@ the vegree of infectivity of the water, the diffusea
aistribution of human -~ water contact site wmade wplacological and

transmission stuaies impo gsible st water contact site facing Kebele 9.

A correlation ketween age and infection prevalence and egg counts
has been described by workers such as Siongok et al. ( 1976},
Lemma et al. ( 1979) and Smith et al.(1979). 'As can be seen from
Fig. 4, there is a peak in prevalence of infection anad egg count
in the age group 10-14 years. DNevertheless in this age group,

the egg counts were not very high. Similar finuings have been
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reported in the community of Chiweti, northern Ethiopia

( Biatt, 1976:; Polderman, 1979).

Figure 4 also shows that infection rates decline with age after
forming peak in the age group 10-11 years. According to dMemoranda

( 1974), this Jdecrease in the prevalence of schistosomiasis in adults
is attributeu to reduced exposure to infection or to the development

of immunological processes.

When infection rates of residents of kebele 8 are compared to that

of kebeles 9 and 10, the correlation between geographical proximity

of residents to the potential transmission sites and household infection
rates is markecly evident. 2n important observation demonstrating

the epidemiological significance of geographical location was the
higher prevalence of infection observed in children of Sertse

Lengel elementary school than in those of 5il Chiko. Dil Chiko

school is situated farther away from Lake Tana than Sertse Lengel

=

school, Interviews maue with the school children at the time of
stool specimen collection revealed that children of Sertse Lengel
freguently went for swimming in Lake Tana while those of Bil Chibo
rarely did so. Furthermore, interviews revealed that it was males
from koth schools, who fregquently swam. Thereftivre, high freguency
of exposure to potentially infected water bodies appears to account
for higher prevalence in children of Sertse Lengel school and

particularly in male children of bkoth schools.

In a preliminary survey contuctet at Sertse Dengel school, an
overall prevalence of 69.3% was reported( Ayele et al., 1986). The
present survey done at the same school and by using the same
parasitological technigue indicateu a prevalence of 45%. It is not

clear, however, if this Gifference in prevalence hretween the two
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studies is due to reduction in transmission or to sampling bias

due to lack of data.

Comparison of infection rates between sexes in the study population
as a vhole shows that female population had lwower prevalence rates.
As suggested earlier, this significant difference between them can
be explained in terms of their activities. Many males swam and
bathed very often whereas females did so only rarely. At Gorgora
and Kunzila, the northern sShore of Lake Tana, Poldefman ( 1974b)
also attribtuted the difference in prevalence between sexes to the

difference in ewxposure to the lake water.

Incidence, a measure of transmigsion over a given period of time,
usually over 12 months ( Jordan and Wekbe, 1982), has been wvrked
out for schistosomal infection in different schistosomiasis endemic
countries. Farooqg and Hairston ( 1966), working in Foypt, have
found schistosomiasis haematobium incidence rates as high as 22.8%
per year for the age group 0 - 6 years and schistosomiasis mansoni
incidence rates of 8.5% per year. nan overall four wonth incidence
of 263 per 10GO.was reported among migrants around Lake Tana

( ryele and Tiruneh, 1982). Incidence rates found in this study

are presented in Table 3.

The fact that incidence calculated at the second survey(Feb., 1988)
in both schools was higher than the incidence calculated at the first
survey ( April 1988}, hints that most transmission of the disease

takes place sometime between September and February.

_As'can ba seen from Fig.5, there was little seasonal variation in
temperature at the study area. lowever, rainfall was clearly

the dominant feature of seasonal change. Thus, snail populations
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as well as associated schistosomal infection appear to fluctuate
according to rainfall and associatew ecological changes such as
water level ant the wensity of agquatic weeds, specially

Ceratophyllum demerusum.

Seasonal fluctuations in the population densities of Liomphalaria,

snails were studie¢ elsewhere in Africa ( MeCullough, 1957 ;
Cridland, 1958; Teesdale and Nelson, 1958; Gilles et al., 19%5:
Onabamiro 1971: Sodeman, 1879). In streams arounu Chiwahit,
northern Ethiopia, Polderman ( 1971 a } found permanent populations

of Biomphalania pfeifferi snails little affected by seasonal changes.

Poloerman { 1974 b) also reportec abundant wollusc fauna including
numerous B. pfeifferi along the shores of Lake Tana with a dense
vegetation of reets near Wauwa, a few kilometers to the east of

Gorgora in Octoter.

In this study, at human ~ water contact sites M, P and GC on the
shores of Lake Tana, a similar pattern of seasonal fluctuation

was noteu in the population of Biomphalaria pfeifferi with peak

uenisty observed towarus the enu of the rainy season (September),

Webke ( 1962) uescribed that the Gensity of biomphalaria pfeifferi

snails uecreased due to the flooding effect and fluctuation of
water level in Lake Province, Tanganyika. In Lake Volta, Ghana,

the abundance of Bulinus truncatus rohlfsi coincidet withthe main

growing season of ceratophyllum ( Chu and bawood, 1970, - Chu and
Vanderburg, 1976; Klumpp and Chu, 1977; Chu, 1978; Klumpp anu

Chu, 1980).

Similarly, Peak formation in the population of snails in Lake Tana

at abkout September could be attributeu to the uense aquatic weeds,




particularly Ceratophyllum cemerusum or to the redvuction of flooding

anu the flushing effects of the rains. The uecline in snail density
in March ana January might have resulteu from the falling wabter
level in the lake. In May anu July, the small number of snails
collected might be attributed to the rising lake level and

corresponding negative changes in habitat.

The fact that abundant Biomphalaria pfeifferi snails were founa

during thick growth of Ceratophyllum Gemerusum may give some

insight as regarus the possibility of implementing weetu removal
as a control strateqy. However, this presuposes further ecological

studies.

At gite PB on the River pbay, snails appeared to increase in numbers
from the end of the rainy season to the middle of the dry SGéSOD

( January). bDuring this time of the year, water current appears

to be sufficiently slow to allow for the establishment of snail
populations. Such a pattern of change in snail population was

also reported by Sodeman ( 1979} and Lemma et ﬁl,(i979). These
authors attributed small number of snails recovered during the

rainy season to the flushing effect of water velocity.

vifference in population buile up of snails in Lake Tana and the
River Rtay in the dry season appears to ke uue to the uifference
in density of aquatic weeds of the two habitats. 1In the dry
season, the course and shallow banks of the River Akay had
relatively duenser vegetation while the rocky shores of Lake Tana
had sparse or no vegetation at all for a few wonths of the year.
In descriking the importance of aguatic weeds to snails, lazo

et al,( 1966) have observed that weeds obstruct the flow of water




ancd provide an excellent kreeding grounu for snails. So at the
shores of Lake Tana where %h@rgwwaﬁaﬁpaﬁﬁﬁﬁonmnquvegeyaiion:durin@u;
the ury season, cesiccation of habitats ant weath of snails was

more apparent than at sites on the River phay.

Besides fluctuation in the density of snail population, associated
seasonal fluctuations in cercarial or snail infection rates have
also teen reported from various schistosomiasis endemic countries.
rmong these are Nigeria { Gilles et al., 1965),Rhodesia( Shiff

et al., (1979) and Libteria ( Sodeman, 1979). Similar fluctuations

in snail infection rates were noted in this stuuy.

Except at site 1B on the Bauk of the River Abay, the time of peak
cercarical infection coincided with the time of collection of
relatively large number of snaills. Such overlapping of high
cercarial infection rate and peak snail population was reportéa
for Lake Province, Tanganyika ( Webke, 1962). Although the
collection of infecteu snails at site GC in March ana P in
November suggest little intermittent transmission of
schistosomiasis in place and time, the general pattern of
transmission in Lake Tana appears to be high as the water level
started to recede around September. Thus, it appears that there
is a close correlation between snail density, cefcarial

transmission and the density of Ceratophyllum wecus. The finding -

that corresponds with this transmission pattern is that of

S. haematokium in Lake Volta ( Klumpp and Chu,1977; Chu, 1978}.

In the case of cercarial transmission patterns at human water
contact on the River Rbay, care must be taken in interpreting the

data gathere¢ from a single water contact site. Because, the
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results from this single site wight or might adt te typical of the

whole situation of the River Abay in Bahir Uar.

The fact that relatively large number of infected snails were
collected towarés the end of the rainy season when mature snails
started to appear in the habitat coulu be‘aue to the pollution of
snail habkitats from the wash-in of infected qacces bv flc¢od. The
relatively small number of infected snails collected, in the dry
season further suggests the importance of the wash—in of faeces as
the chief source of snail infection. The albsence of infected
snalils during the early rainy season {( May - July ) might be
attrituted to the effect of flooding, high water velocity oxr the
effect of heavy rains either ou the snails or wmiracida and

prepatency of S. mansoni infection in Biomphalaria ~pFfeifferiuring

this aarly rainy season, the snail population was composed of a
larger proportion of voung snails. This could also be the reason
for the absence of infected snails since high infection rate is

typical of mature snails ( wWeblke, 1¢62 ).

Cercarial infection rate or number of iufected snails(Fig.5)showed
no correlation with the results of sentinelemouse exposure(Table 4).
This discrepancy caunct be explained with the available uata
although water velocity may have been a factor at AB Site. '
Uiscussing the lack of correlation between cercarial infection rate
and the results of mouse eXposure, Sato et al., ( 1985) stated that
the population and distribution of cercariae emanated from the
infecteu snsils in the natural water vary with factors such as

water current. Furthermore, Jordan et al. { 1980) pointed out that
water velocitv may affect cerxcarial infectivity by altering time

avalilabkle for penetration.
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Like the various water related activities classified in Egypt
( Faroog anu Mallah, 1966) anG Ethiopia (klodgs and Lemma; 1980),
water relateu activities identifieu in this stuoy could also
e broken down as follows: contaminative, e¥posure anu mixeu
( Poth contaminative anu exposure). Contaminative activity
included defecation, exposure included contacts with potentially
infective water such as water collection, washing extremities,
arinking, playing ana fishing, while mixeu activities were

washing clothes, swimming avd bathing.

Most females weré founa to be engaged in activities of shorter
duration involving minimal ktoay exposure than males. Males
mostly had exposure of longer curation which involveu maximal
tody exposure. This difference of activities between sexes
might have accounted for the higher infection rates in males

{ Takles 1 and 2 ).

By virtue of having a longer duration and being freguented when
peak cercarial sheGuing time is expected ( 9 a.m - 3 p.m},washing
clothes seem to involve the maximal risk of exposure to
infection. However, the use of uetergents ( Jordan et al.,1980)

anu the fact that only limitea parts of the bouy come in contact

with the water appear to retuce the risk of infection while washing.

Bathing and swimming could carry an increaset risk of infection

because they involve total bodily immersion.

Activities such as water collection, washing extremities,
drinking and fishing were probkably of less importance in the
transmission of schistosowiasis. Because, they involved exposure

of short curation and btodily exposure was minimal.
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Lefecation ( contamination ) constitutec the least proportion of
the observeu activities. However, since most of the olbserved
contaminative activities took place, directly on the cuge of the
water unuer kushes or in tall grass, the poliution of snail
habitats was very likely. This was common in the rainy secason

when vegetation cover is higher.

Table 7 presents diurnal variations in human-water relateu
activities while a comparison of tables 5 anu 6 reveals seasonal
variat%ons. These observations agree with that made in Tensée
cerhan ( Kloos and Lemma, 1980) anu in St.Lucia ( valton,1976).
Liurnal variations, might <epent on school shift, market hours or
woather. Seasonal variations in water contact activities appear
to wepend on weather, availatility of rainwater wuring the rainy
seagson or the risinc of water level. iigher water contact
activities recorded in the dry season ( Table &) may suggest

that warm weather induces water contact activities. As intervieuws
made at the time of stool épecimen collection indicated, rainwater
caught from the roof of a house is usea for scveral purﬁoses
guring the rainy season thereby minimizing the freguency for
household contacts. The rising of water level was avoided by
many, especially chilcren, as suggestea by small number of

contacts recorded in the rainy season ( Table 5).

In Egypt, Faroog an¢ Mallah ( 1966) founu that peak seasonal and
diurnal cycles of infectivity of waters coinciue with the
freguency anu duration of waterx contact activities. Rowan(1958)
observed that cercarial densities reach their peak uuring the
midule of the cay. In some streams in northern Ethiopia, Poluerman

( 1974b) reported that the time of peak cercarial density is




11:006 a.m. to 3 p.p. Ckservations maue in the course of this stuay
revealeu that some water contact activities hau the highest
intensity between 9 a.m. anc 3 p.m.( Table 7) when cercarial
agensity wyad expected to ke high in the natural water. Furthermore,
frem water contact observations carried out in the dry seasdn

{ Tabkle 6), it can te suggested that the periou of increasing
water contact activities induced by warm weather coincided with
the period when high infectivity of the water was noted ( at

about September). Thus, it wbs possitle that majority of the
cases acqyuired infection from haﬁing contact with water teeming
with cercariaec as a2 result of aiurnal and seasonal variations in®

their water contact activities.

Rttempts have not been made to correlate barasitclogical data ana
water contact stuuies on the same indivicuals to assess the risk

of infection from Gifferent water contact activities. Nevertheless,
Jordcan and Webbe 1982) have pointed out that infection depends

on factors such as contact duration, degree of bouily exposure

anu time of way. Hence, taking these factors into account,
swimming, tathing and playing appear to incresse the likelihood

of schistosomiasis mansoni transmission in this endemic focus.
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CONCLUSION

Lifferences in infection rates among kebeles and between schools
points to the importance of geographical location of a population
with respect to the potentially infective water body. Inciaence
of infection in wil Chibo and Sertse Uengel schools may also be
influencet by aistance to the water although this needs further

study.

Infection rates between sexes secem to differ due to differences

in water econtact behaviour of the two sexes.

Based on the extent of body exposure, uuration of contact with
water ana the tiwme of the day, it can ke concluded that playing
in water, swimming and kathing play important role in the

transmission of schistosomiasis.

Snail population dynamics anu associated schistosomal infection
appear to vary according to rainfall ano associated ecological
factors such as water level fluctuation and the wuensity of aquatic

weeds, specially Ceratophyllum demerusum.

2s suggested by mice exposure results, malacological findings
anc incidence studies, the peak of transmission period of
schistosomiasis in Lake Tana appears to take place towards the

end and after rainy season when Biomphalaria pfeifferi snails

are abundant. However, this needs to be confirmed by further
malacological and transmission studies. Little intermittent

transmission throughout they year is alsoc likely.

Since data on snail population ana infection were gathered from
only a single essential human-water contact point on the River

Pbay at Bahir Dar, care should te taken in interprating the results,




Finally, to recommend control strategy which is cost-effective
and feasible to this endemic focus, monthly surveys over a
period of at least one year should be made ——~large samples of
snails from several sites should ke screened to accurately
determine the seasonality in snail population dynamics and
schistosomal infections in the vector snails. It would also
seem to be more effectual if this should be corroborated by
monthly sentinel-mouse exposure studies. However, the following
¢an at ieast be suggested based on the present study to reduce
transmission of the disease: chemotherapy of infected
individuals, focal mollusciciaing towards the enu of the rainy

season when infected Biowphalaria pfeifferi snails appear to

occur in abundance, to encourage the building ana use of piped
water supply and latrines, and to limit those human-water
contact activities which have high intensity at around noon to
early morning or late afterncon when the infectivity of the
natural water is expected to be low. These last 3 measures

could only be implemented through health education.
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APPEMDIX I
Water Contact Form I

Starting time ‘ Date : Observer

Ending time ] Site

Particular activity | 0 -4 | 5-9 | 10-14| 15-1¢| 20 -29| 30 - 39| 40 - 49| 50 - 59| 60 Total

M| F{M|F M| Fi{M!FP {M[{FIM| FI¥{F| M| FI M| F

Washing clothes

Water collectior__

Swimming

Bathing

Washing cstemdiiies | - | X

Drinking

Playing

Fishing

Defecation

Total




APPENDIX 1II
Water Contact Faym 1Y

Activity Observer
Site Date
Age in Time enter Time out . Duration

years




APPENDIX IIX

Water Contact Form II

Activity Observer
Sita Date
Activity 6a.mr9a.m % .me122.m.§12a.m:3p.m | 3p.m-6.p. 01 Total ,

Washing clothes

Swinming

F

_Bathing

Washing
exXtremetics

Drinking

Playing

Fishing

Defecation

Total




