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ABSTRACT

The geography and freshwater ecology of Khuzestan and
those human activitiss which affeot the snail ecology are described,

O.turkestanioum. 8.bovis and S,hasmatobium were ths only animal and

human blood flukes found in Khuzestan, The molluscan hosts of both

species of Sohistosoma is B.trunecatus whereas O.turkestanicum is
transmitted by L.gedrosinna, The infection rate of O.turkestanicum

in ruminants was high and causes considerabvle economic loss.

The morphology of O.turkestanicum and its distinguishing
charaofristics from othér schistosnmes are discusped, The revalence

of O.turkestanicum and S,bovis infection in ruminants in Khuzestan

abattoirs was studied, Infection rates of O,turkestenicum in cattle
was higher tha& nahaep and goats. The intensity of O.turkestanicun

in naturally infected cattle and sheep was determined., Sheep suffered
more than cattle from the disease. The intenzity+of O.turkestanicum

declined with inereasing age in cattle but inoreeyed in sheep,
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. Experimental studies vere carried out.on ealves, sheep,
goats .and buffalo-calf infected with O,turkestanigum and S.bovis
The intensity, pathogenicity and pathology of O.,turkestanicum and
S.bovis in naturally and experimentally infected ruminants were compared,
S.bovis caused more serious damage Yo ruminants then O,turkestaniocum,
In O.tuizkestanioum infeetions tha duocdenum was the most intensely
invplved. organ and the liver was lass affected and large intestine
was free from infeciion. S.bovis was evenly distributed along the

alimentary traect,

Susceptibility of different species of rodents, carnivores
and birds to O.turkestanioum were tested. Only Taters indiea ( a wild
local rodent ) was found to be susceptible to O.turkeatanioum infection,

Carnivores and birds were resistant to infectiom.

In the heterologous immunity experinents mice were immunized
With different numbers of O.turkestanicum cercariae and challenged

with Sebovia, Semematobiun and S.mansoni., Homologous immunity waa

/ 8leo studied,.,,



also studied in mice with S.bovis. In these experimenis mice

produced & partial protection against the ehallenge infeoctions,

Reciproeal heterologous immunity experiments were oarried
out in calves and sheep using S.bovis and O,turkestanicum . Calves

showed & high degree of pmrotection but the effect was poor in sheep,

Calves immunized with repeated inooculations of S.hasmatobium ecsrcariae

developed some immature worms and produced considerable resistance

against challenge infection with O} turkestanioum and S.bovis , Calves

2ls0 developed a considerable immunity in homologous system with

O.turkestanicun and S.bovis,

{

Studies were carrisd out on the distridbution and scology of

Iyrnaes gedronisna the 1nte1;mdiats host of O.turkestanicum in
Khuzestan, Detailed studien were made on ths population dynamies of
this enai} by fortnightly surveys in different type of habitats over

& period of 12 monthe, The results showed that peaks of snail

/ population....



population ocourred in 2 sessons, spring and autum, Transmission
ocourred throughout tlw Year in canalsg in spring, swamsr and autumn
in swamps; in spring and autumn in ponds. Canale and svamps accesaible

to livestocks were found to be important transmission sites of

O«turkestanioun.

laboratory experiments were carried out to study the develop-

ment of larval stages of O.turkestaniocum in L.gedros

snails 1ad been exposed 10 various number of miracidia., The results

ava after the

showed that the miracidial exposure dosage did not affeot the
ceroarial prepatent pericd, but the life-span of infected smmils was
shorter and all the snsils exposed to 20 mirecidis shed carcariae.
“he enaile exposed to 1 and 2 miracidia sach shed fewer cercarise

than thoss exposed to §+20 miracidia,



ACKIIOWLEDGM<NTS

Thi; ﬁrosoct wags carried out partly in the Departuent of
Medical Helminthology, London School of llygian;a and Tﬁopical Meciicine,
London University and partly in the Ingtitute of Public Healthi
Research, School of Public Healt';h, Teheran University. Most of :the;
experiments é.nd field observations were carried out in the Dezful

Bilharziasis Pilot Project in the achistosomiasis endemic area of

Khuzestan, Iran.

These studi;a would have been impossible without the
Yeciprooal co-oferation of the london School of Hygiene and Tropical
ledicine, and School of Publioc Health, Teperan University. I am
indebted to the Institute of Publioc Health, School of Publioc Hgalth
Of Teheran University and the World Health Organigation for fipmtial

Bupport and providing facilities,



I an very grateful to Prof, G. 8. Nelson for supervision
and constant encouragement tizroughout, to Dr. G, Webbe who supervised
the observations on the snail intermediate host, to Dr. M, G. Taylor
for his oritioal advice and help in editing the text, and to Dr,

Re Muller and other members of the Medical Helminthology Department

of the London School of Hyglene and Tropical Medicine, &nd Winches

Form Field Station,

I an grateful to Dr. Ch. Mofidi the Vice Ghancellor of
Teheran University and Dr. M. Faghih The Dean of School of Publie

Health, Teheran University and Dr. F. Arfaa for their gupporte

I should like to thanks all the staff of Dezful Bilharziasis
Filot Project and Helminthology Department of ths School of Publie

Health, Teheran Univergity for their assistance, particularly to

Mre 1. Bhen,jari and lirs, V&@dh



Fage No,
mm0T A ENEAENNNE N ENEERENENRENNENERINNNENSESHNJSNNESRJSNNNRMNHMSHNSE}N. 2
*cmmmams " FEEEBNEBERENEEERIEENNESE S NENEEENERENISENNNENZEZNRNR. 5
CUﬂTm OB OLTRBBPNIVVNALOEP AN 0CAEPIGIIOIREGROEPOQRES 8

GENERAL INTRODUCTION .Khusestan:general deseription of the

endenie AreRessveocvecesvscscvosresnce 12

MATERIAL AND GENFRAL METHODS ¢ e000ec s ceccecsssscsscossnssass 29

PART Is STUDIE ON CRNITHOBILHARZIA TURKESTANICUM
(SKRJABIN,1913) FRICE, 1929,

Introduetion and the morphology of O,

tnrk“tanim GO0 00000000 SOLIOIOISROSIRBNGS

Studies on the prevalence and intensity

of O.turkestanisum in domestis animals

in Xhusestan cevcecceccncvosncscscsssrsses



Page XNo,
CHAFTER "3 =~ Parasitologieal atudies on experimerntally
infected large ANinAlBcicesoccconsveasssessncee 65

CHAFTER 4 Experimental studies on the susceptibility
of soxe rofents, small eornivores and
bixrds to gotgk"tm.lm SO0R0PSIBEGEICOIOGOBROOROTSTY 83

CHAPIER § The pathology of naturally and experimentally
inf..t.d rummt' S i ;" " ’ """ "’ "’ ™ 90

PART IIs STUDIES ON SCHISTOSOMA BOVIS SONSINO,1876. «s105

CHAITER 1 Studies on the prevalense and intensity

of S.bovis in domesatis anipals in Xhusestan,.,1l0

Parasitologleal observations on experimentally

infected 1‘1‘8‘ animals GV S00CGODERIBEORENOIOONODY 114

CHAPTER 3 The padhology in ruminant experimentally
infected with B.bovig with & note on &

Mtuuu m.ﬂt'd 0w ttttttltiltttitittﬁtlat135



PART III: EXPERIMENTAL STUDIES ON ACQUIRED RESISTANCE

70 SCHISTOSOMIASIS USING HOMOLOGOUS AND
HETEROLOGOUS SYSTEMS

CHAFTER 1 Introduetion cececoccscecoccsidsssccsceccsvee 162
2 Matarial and methods seseccscvvscocernceceen 169
3 Results in mie® cveeevececevcsncrncococsceer 172
4 RHesults in ealves and sheeP ccsesocossvsvoos 185

Dilcuﬂliﬁn EESENTANENEEERENREEENZ NN NN NN SN RN RN 208

ADDENDUM The first rescrd of experimental infection
°f “lu. With ﬁ¢hltmﬁ!0'bium ¢ dnPepgeneinnee 215

PART IVs FIELD AND LABCRATCRY OBSERVATIONS ON LYMNAEA

GEDROSIANA, THE INTERMEDIATE HOST OF Q.
TUR Tmlm IN WSTAN‘ T X AN R RN BN 221

'é 3._ .?- L h

CHAPTER 1 Cbservations en the geographisal distribdution

of i‘w in Khusestalicsecoovesesscees 223



CHAFTER

CGLAFTER

CHA PTER

CHAPTER

6

11

Page Yo,

A general deseription of the special

BtUdY ATreQcrcscesscersssvcsncsssssssessnsaecil

¥ield observations on seasonal population
trends of L.gedrosiana and their relation
to the transmission of O,turkestanicum in
various habitats in the study areaseeescss 235

Detailed studies on the population dynamios
of L.gedrosiana in selected habitats. eeeeesa02

Diseussion t.:n.tttittctotttttttttitnttt-¢¥agg

Laboratory studies on the host-parasite
relationship: thu effects of variations
in nirasidial exposure domgo.u...........239

SUMMARY AND CONCLUSIOIS covevececcocescscescescccnssessesssnsedoD

REFERENCES .

tuttitutotu:tittfﬁttt#totitt.t}ttitittﬁit'i322



1a

The present futnﬂy was undertaken €0 assess the v;tofinnry
importanee of Ornithobilharsia turkestanicum and Sohistosonk bovis
in livestook in Iran by dohriining the prevalence and intensity of
infection, thqpathaganinity of tl;- mréuitu end the faotors affecting
transnission. Observations were also made on various sapeots of the

imnune yespomse to infaection with these parasites and thair inters

relationship with the schistoscmes of tw.mn.q

The field and laoboratory studles were carried out in Iran

but the development of the experimental teohniques and the analysis
of the data was carried out in the Deparitment of Medical Helminthology

in the London 8chool of Hygliene and Troplecal Medicine,

For eonvenience the thesis is divided into separate sectiona

to cover the main topics. The general introduation whioch includes &
goeographiecsl aocount of the area with particular xeference to fastors

1ikely
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likely to affect transmissiom of schistosomissis, followed by &
section on materials and methods. This is followed by four distinct
"parts™. The first deals with the study of Ornithobilbarsia
turkestanioum in the defdnitive hostj this is followed by ths parallel
studies on Schistosoma bovis. Part III deals with the cbservations

on hgmolagoua and heteroclogous immunity and the interrelationship of

the bovine and human schistosomes, The final sesction, Part IV, is an
ascount of the atudies in the field and laboratory on lymnaea

gedrosiana the intermediate snail hoat of O.turkestanicum,
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KHUZESTANs GEWERAL DESCRIPPION OF THE ENDFMIC AREA,

Khuzestan is an area of Iran about 157,000 squdre kilomtres.
Its southern boundary is the Peraian Culf and in the north and east
it extends to the Zagros Mountain Range ( Map, 1)e In the weat the

Iran-~Iraq borther forms an artificial separation beiween Khuszestan

and Mesopotamia, In faot, Khusestan is & prolongation eaatward of the

Mesopotamian plain and the two areas are indeed continucus and
homogeneous in their physical geography and aleo to & certain extent

in their human gesographye

The plain is essentially alluvial. Its sub-aoll contains
appresiable deposita of gypsum and salts which tend to come to the
surface when the ground water level is neaxr the surface., Erown desert
80ils predominate. In the higher land whioh doninates thqplam on the

north east, in caloareous formations, there are numerous and relatively

large springs.,

The olimate of the Xlusestan plain is sexi-arid(clessification

of Thornthwaite). The spaximum temperatures are very high in the

*c.

summer (over 50 ~°) and the minimal winter yates are around 0°C, Daily

temperature



15

tenperature variations are very great. The relative humidity ie
usually fairly low but 1¢ varies greatly depending on tha direction
of the wind, It is low, partiocularly in summey, when the winds blow
rainly from the north and the northieast, I t rises when the winds

blows from the south, which happens more {requently in winter.

Rain is limited to the pericd from November to April with

an average of 100 to 200 mm. but there is considerable variation in

rainfall not only from place to place but from year to year, luch of
this rain falls are in the form of violent downpours. Konthly

teuperature and reinfalls records are shown in (Fige 1.)e The nebulosity

ia low and the sun 1a very strong,

Owing to these olimatic conditions, the major part of
Khuzastan is & sub-desert steppe. But the plain is arossed by important
streams which flown from tha south-western slopes of the high Zagros
Hountain Range. This combination of ; seni-arid slimate with relatively
abundant surfaoce waters makes Khuzestan & ocountry of striking contrasta,

llere, sand dunes are found not far from large swanpe. & wide xerophilie

anizal fauna is overflown by an exceptionally abundant ajuatio avifauna,

Rice
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Rice plantations nliernate with oornfields. Among the herds driven
back every evening 4o the village btuffaloes walk side by side with |
shoep, goats and cattles, The population of Khuzestan plain is

about 2§ nillion, mosily rural peasants practicing agricultural

and cottle raising., The number of shecp, goats and cottle in the
whole of Khuzestan amount to 2,700,000 head(Departnent of Agriculture)

Four different ethnioc elements,; Iar, Bakhtiari, Dezfuli and
Aradbs live in the Khuzestan plains Lur in tho west, Bakhtiori in the
ecast, Dezfuli in the north and Arabs in the south, The population
density is high in the irrigated arcas, low or very low elscwhere,.
The principal orops ore wheat and barley, both being produced with
little irrigation, as well as rice, sesame ond bodns, The prosont
output is low, because of the archaic agricultural pracstices and
lack of ﬁatar in éummar. Apart ﬁom the oil arcas, the ecdnémia

and sooial development of the country io poor,

Goneral Toologice

Lydrographyy

Rivers and larpe natural drains,
Pive major water panmaa!dmm the ﬂouthﬂieq’gfsjloma of

the Zagroo Rangs and traverse the plain of Khuzestan (Mopsle).
Lying
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lying in order from the southésast to the northe-west they are

the Hindijan, the Jarahi, the Kayun, its large tributary the Dez,
and the Karkhel, The moat important is the Karun«Dez river, not only
because of the great size of its drainage basin (54,000 square
kilometres) but because of its average volume of water f£low(750 m’/saa.)i
After it comes the Karkheh (200 m”/sec.). Both the Hindijan and the
Jarahi have an average volume of flow of about 150 ms/nc. The flowe
in the summer are smaller than those of winter and syring, and the
flow volumes are very irregular f{fron onQ year to another, Floods are
not usual, The water is very turbid but the amount of solids carried
is comparatively small, The water of the Dez ia of low salinity and
clear, The Ksrun and the Karkheh are more salty and the Hindijan

and the Jarahi have a relatively high salt contant.

Between the Karhkeh and the Dez there iz an unaaual water
course, the Shahur, This springs in the north mostly from irrigation
overflows, It followe & courme that is mobablg m}{anaient irrigation
canal, and at the lower end it bvecomea divided into numerous

irrigation channels, Its volume of flow is emall but it merits mention

/bﬁﬂause Sseng
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because it may play & very important role in the transmission of
human and animal achistosomiasis. Tha other main streams in the

north part of kKhuzestan are the Abjirob, the Lureh and the Shureh,
east of the Dez river, Downatream, these drains assume rather rapidly
the aspect of a river, and before flowing into the Dez, they give
rise to new irrigation network. All these rivers and streams have

an irriguler and occasionally semie-torrential flow, Their course

are winding and impreocisej they often spread in flood plains which

sonetimes reaches several kilometres in width.

Limnologys
Phyaico=chenical data,

In summer the water temperature remains lowi; than that
of the air during a 24 hour period, Particularly in the daytime, the
extireme atmospheric dryness results in very strong evaporation whiech
largely compsnsates for the effects of solar heat and the maximum
temperature observed in v tater remains under 3700. seldom exceeding

0 ) |
52 C. while the air temperature in the shade reaches and exceeds
50°Ce

/Burfaﬂau.....
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Su:r"foon watar in Khuzeatan contain a pi genaral} higher
then 7, from 7 to 8 fox; funning waters of rivers and canals, and
from 7 to 8.9 for stagnand watera, In the ;tagrmnt waters, the
variei in time, It is rather higher in winter with some sharp drops

to 7-7.5 after hsavy rainfalls,

Flora and fauna,

All stagnant or slow running watsrs are rapldly overrun
by abundant aquatic vegetation, The vorticala sperging vegatation is
particularly abundant. The most representative groups are Typha,
eluberushes, rushes and various speciea of couch-grass, Rushes are
scarce and rather weak, Polygonum ia often found at waters edgs and
is more or leas immersed. Py eontrast, the floating vegetation isa
scanty, One can find Jotamegeton and oecaafnally Jenna and Salvinia,
Immersed macroseopic vegetation is irregular, sometimes absent but
S0metimes very abundant forming & thick layer, The most eommon groups
are Zonichielles in winter, Ranoneulus in epring, Geratophyllum and

Oharaceae in gummer and mutumn, Various filamentous algae are also

found ang occasionally, lydrodyetion,
/The aquatio.,,.
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The aquatic fauna is abundant and includes tadpoles, as
well as diptera and ocdonate larvas with usually only one stags of
the 1ife-cycle in water, hemiptera(hydrometres, nautonectes, naucrores,
belostomes) which a;a plentiful and coleoptera which are fairly reare.
omall orustacea are very abundant, particularly Ostracods,
Choncostracs and Cladocers (Daphnia), Shrimps are only found in

large permansnt swamps. Hydricarines are numeroua. leecles are very

scarce (Ceud et al, 1962),

Vertebrates actually living in water are represented by
rather rare aspecies of fish. Those found in small stagnant water
collections seemed unable to reach their full development in such

an environuent, judging by the size of the mpecimens obseved,

On the other hand, the fauna of aquaphilic vertebrates is

extremely abundant., The birds constitute its important element. They

include & great number of speciess pelicaniforma (amwmta and

Pelicans), ardeiforus(hercns and storks), cneeriforms(geese and ducka),
larforms (terns), ralliforns(rattles and coots), coraciadifcrms

(kingfishers), but mostly charsdriiforms(glarecles, plovers, lapwings,

/ruffﬂt_t.t



ruffs, snipes, sandpipes, stilt-plovers). In addition to birds, one
may observe the presence of numerous turtles of the Clemmys types,

and snakes of the Tropidonotus type. The amphibia, particularly frogs,

are specially abundant,

The faquatio nolluscan fauna is rather limited in smpecies,
The pulmonates are rerresented by species ofs Bulinus truncatus,

found in diffarantitypos of hsbitatsg Plﬁaa acuta, only found in a

limited ares in north of Ahwaz in canals and swanmpej Iymnasa truncatula
found in some awamps and drains; lymnaea gedrosiana, the most common
species occurring in the area in different typea of habitatsj

Cyraulus intermixtus found in most habitate with other species;
Planorbis planorbis is rare but sometimes found in swampa and drains,
Amongs the prosebranches found ares: Melanoides tuberculata in running
waters and in some swampaj several spscies of Melanopeis are found

in running waters, ilelancpsis coetata, Melanopsis praemrcsa and
Yelnopsis nodesa; Viviwrus benzalens.s found in mome large swampaj
Iheodoxus cintellus in some sireams. Siphonommatophores (succinea)

are very scarce. Pelecypodons, lamellibranches are moatly found in

o ;E/Iwming.u.
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running waters and irrigation canals,

Part played by man in the ecology of the snails,

This section deals with those human activities which are
more or less directly connected with the ecology of the snalls,
Agriculture is obviously the most important of these activities, and
following five types of habii;:at are considered: gardens, rice fields,

marketgardens, cattle breeding areas and the clay pits,

Gardens $

What they usually call gardens in this area should more
properly be called orchards, as behind the high walls which surround
t!;eae placea, one finds mostly trees, mainly fruit-treaa', but alsgo
other types of trees., The area covered by these gardens is genorally
larger than that of the village itself., It may be twice or four times
&s large as the village area or even mx;e. In méﬁt cinés, only onec
faato gives access to the @ardax;. The gardens are oeolﬁ placél. with
trees poorly cut, growing ;oimﬁtinwa in ériﬁt F&im?:rra;y. The irrigation
canals form & network which seems more orderly devised than the paths

themseves, Their terminal branches link up with one or two drains and

/end outaige,,,,



end outside through apsrtures made in the lower part of the walls,
Excess water sometimes forms small ponds inaside the gardens but more
often drainage water colleots in ponds and swampa outside the walls,
Inside the gardens ponda and drains play a role in breeding of snails

in hot gseasons, Swamps and ponds outside the gardens are most

favourable breeding places for snails,

Rice filldﬂ.

Almost each village is provided with its own rice field and
the areas devoted to rice cultivation diffcrf.- énéh year, Rice is sown
in uejod beds in June, thinned out in July=-August and harvested by the
end of Ootober. TDurim cultivation there is no drying until e little
time before the harveast. The quiet, tepid and shallow water of ricee
fields conatitutes a favourable breeding place for snails particularly
Jymnaea gedrosiana. During the summer the rice field drainage waters
naintain even to a larger extent than the wdo:i dra;inaga waters, sone

bresding places which otherwise, would be dried up.

Directly related to rice culture a practice i3 being

ﬁ/dﬂ?ﬁlopad....
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developed'which geens to ba’ favourable to Ftha amaci tof bulinid

snails in particular, The villagers used Typhs leaves for tying the
bundles of rice, when planting it out. The plants grows spontanecusly
in swam‘pa and on the stream bankse The villagers themselves franapla.nt
these TxL_ha leaves %o nearby ponds and 1uampa to get nui_‘ficiant amount
of Typha for the next season, In this way they spread the Bulinus

gnails to the new ponds with Typha roots and leaves,

Market gardens,

Around each village scme vegetables are extensively cultivated

for the perscnal use of the villagers: onions, carrots, radishes,
bestroots, melons, watermelons, cucumbers, eggplants,spinach and various
aromatic herbas, There are aome areas, owing to the vicinity of Dezful

or the highway, in which market gardening il continuously and intensively
practiced, the progucta intended either Ito be s.oldF in the town cr ,“
exported to the north of Iran, particularly Teheran, In addition to the
above mentioned vegetables, they also cultivated in these areas toumatoes,
pimentoes, garlic, but mainly lettuce. In these mdem, intensive

fartiliming(hum and animal mnnura) ie rsquired hawuaa of the

/villagars ...
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villager’s desire to obtain sevoral ecrops per year, for many
consecutive yoars. Lottuco, whose cultivation alternates Yy

rotation with that of cuoumbers, particulerly needs fertilizers.

In theso areas were found Bulinun and largo population of Lymmaea

in tho drainage wators, On the course followed by the drains, sono
ponds are duz which are used for washing the vogetadbles before
caryrying then to the market, The romains of the vopetables after
washing conotdtute an abundant food for Dulinus and lLymnaea. In the
nozntimo excess wators from these gordens permanently supply water

for ewamps and ponds nearhy.

Cattlo broeding arens,

Liveotock are abundant in tho cultivated arcas, consisting
of about 20,000 cquines (horse, donkeys, rmles), 30,000 bovines |
(oxen and buffaloes), 15,000 goais and most impoptant about 100,000
cheep, These animals direotly affeoctdd the ecology of Dulinus and
Lymnaca, because thoy umally drink wator from the canals, cousing
leaks which feed stagnant watorponds. Alpo thoir exorota fill wators
with organio matter whioh is favourable for snail breeding. Finally
all those animals; particularly buffaloes, may carry bulinid snails
in tho mud which otlak to their fect and body and may therofore
afford those onails an apportunity to bo disgseminated rathor for
eway from their original broeding places,

/Cloy pito...,



Cley nitso,
g}ay,*,ﬂ;,é.yp. o conaide;gbla part of the life of the villagorse.

It is tho main material for wall building and when mixed with straw,
for roofﬁi.* It in used for making several utensilss bread ovens,
animal mwgéra, nests for setiing hens, vesselsm of various forns

and capacity, partioulerly individual Méring places for corn~, In
order ‘to have clay available at any time, the poasants dig pits

near the yillages {0 which they oonvey elther the drainage water of
8 ncarby carden or the water from an irrigation canal, Thoe slow
pedimentation of wator in these ponds allows for sorting of the olay
part:loien which settle on the rougher grains of sandas. Theso ponds
are mpitdls'f invaded by miorcacopic algas, then by agquatio vegetation.
They soon become of no use as oloy pits but thoy are not filled up.
All theso ponds constituto onall breocding plaoces whiahf aro all the
more dangorous as tholr banks may easily bo used for human and

animal defaecation.

S.haematobium, E.m and O.turkestan joun are the only
mammalian pohistosomes oocuring in tha Khuzestan endemio aroae
O.turkentanicum and S.bovis occurs mostly in ruminants, tho
prevalonce: of O.turkestanisum is highor than S.bovis, 8S.hasmatobiun
is tho only human schistoscomes and thore imo no avidence of animal

infootion with this parasite.



MATERIAL AND GENERAL METHODS

Sehistoaomes,

The four species of schistosomes used were maintained in
the laboratory in the following hosts:
Ornithobilharzia turkestanicum (Skrjabin,1913) Price,1929.

An Iranian strain freshly isolated from naturally infected

oattle was maintained in Iymnaea gedrosiana and calves.

Sehistosoma bovis Sonsino,1876.

An Iunian strain freahly imlahd from naturally infected

oattle was maintained in Bulinus truncatus and calves,

Sehistosoma haematobium Bilharz,1852,
An Iranian strain freshly isolated from naturally infected

human urine after passage was maintained in Pulinus truncatus.

Schistosons mansoni Sambon,1907.
A Puerto Rican strain originally isolated from man was

maintained in Bmmghfala.ria. rglabi'ata andﬂ albino nics,

/Snails ...,



Snails,

Iymnaea gedrosiana. A laboratory eolony was astablished

from a batch of wild snalls collected {rom the field, This snail 1is
the most susceptible anail to O.turkestanicum in Khuzestan.

Bulinus truncatus. 4 eolony was built up from the local
wild enails in laboratory. this snail is susceptible tu the both local
species of schistosomes {,bovis and S.hasmatobium in Khuzestan,

TR

_Snail eulture

The snalls ware reared in the laboratoery in plastic tanks
( 14 x 6 x 8 inches ) containing stored river water and weeds with &
fine gravel substratum, Light was adequate and water temperature
ranged fronm 25-3700. The aquarium water was changed whensver nscessary
from a main storage container of dechlorinated river water. The snails
were fed daily on dried and fresh lettuoce with ocoa;ioml 'addition of
powdered bérley and rice seeds, Occasionally the ta.nka wa;-c infested
by the free-living nﬁmatcdea, Chastogmater spp. ahdﬁdnrodjc;gua and

sometimes by & btrownish growth on the aides of the tanks believed to

/be of bacterial,,..
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be of bacterial origin and harmful for growing snails (MoClelland, 1964),

which necessitated clearing out the tanks,

{

Snail infeotion

Feecab . from ir;feeted large animals were diluted in 0.9 %
saline and sdtved through & vire mesh to separate the large particles
and repeatedly sedimented until the supernatant becams clear, about
25 minutes being ‘allowed foz; each sedimentation. A final washing with
ice~g0ld water was made to remove trames of saline., After the final
washing the sedinent was poured into petri-iishes, diluted with
dechlorinated fresh water at 30°C, and plaoedwu.nder & strong light,
Hifaoidia hatched in a few minutes. Thia technique vaé also used for

determining prepatent periods of O.turkestanicum and S,bovis in ruminants,

The miracidia were tranaferred by a Pasteur pipette to a

vatch glass, Snaile 4-6’"‘“*' size were added and kept for over 4 hours
under adegquate light and temperature. Infectsd snails were kept in

big pdastic tanke at 25-27“*3. until they sturted to shed cercariae,

/ Shﬂdding tesos
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Shedding and counting of cercariae

At least 100 anails infected with 5«7 mirncidin were used
for the cercarisal 1ahcading. The snails were put in 250“1:" beaker
containing fresh “water at 2700. and exposed to direct bright sun light
to stimulate cercarial shsedding, After 2 hours ths cercarial suspension
was geparated from the snails and the number of cercarias per ml, were

counted by the ninhydrin staining teohnique of McClelland(1961).

Exposure of rodents to cercariae

A variety of small rodents and carnivores (laboratory
bred and wiid caught) were exposed to cercariae of O,turkestanicum in
the laboratory. Before exposure to cercariane the animals were left
for abﬁut 20 minutes in warm water to stimulate tﬁe evacuation of
faeces and urine whioh might ultimately reduce the viability of the
cercarise (Azim and Wa{;ncn,1948). Ths animals werse exposed ‘go infeotions

with a counted nuumber of cercarise in a glass jar for sbout one hour,

/ ReCOVery ....
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Recovery of adult worms from rodents

The pti'fusion technique descrited by Smithers and Terry
(1965) was used, The animals were anaegthetized by injecting & dose
of 0.5“1' heparinized nembutal intraperitoneally. The perfusion
solution was prepared by adding 15 grams of sodum citrate to one litre
of 0.9 % of saline. The animal was skinnaed, the thoracic and abdominal
cavities were opened and part of the ribs were removed to expoae the
heart. The animal was suspended on the vertical plate of the ppparatus,
the portal vein was 8lit opsn and a perfusion nsedle was inserted into
the left ventricle of the hsaxrt, The premsure for perfusion was
rrovided by & rotary pristaltio aiaotric punp. The perfused worms
collected on a fine wire mesh and were then transferred to a petri-dish
cdntaining saline for counting. The bowels and livers wers removed
and washed in saline to collect any adhering worms. The iivér was
then crushed between two glass plates to detect ﬁrw repaining worms,

After perfusion the liver and bowel were preserved in the deepefreeze

for egg counts,

Tissue ef gqeourita {in rodents

The pepsin digestion method of Nelson et al(1966) was umed,

/Thﬁ 11?01- .4
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The liver and bowel were digested separately. Eash organ was minced
and transferred to & polythsne flask containing tpe digestive fluid
(1 % pepsin and 0.5 % EC1 in normal saline), After an incubation
period of 16 hfaur; at 3700 . the digested tissues ware precipitated
in conical uriniz flasks for 30 ninutes, after whiuh the supernatant
decanted &nd 25 Lo of 0.5 % ;wdoﬁdo aadtjim was addad to dissolve any
remaining h;z;:uiigoated tinsuea, Three 0.1‘11' sanples were takﬁgnf by &
VacDonald pipette? for c‘ountring the egge after agitating the whole

sanple,

Igagtiﬂﬁdﬁ dt:iirg animals,
For infeoting the large animala «ru&ﬁaé were collected
from at least 100 infected snails, Different apecies of animals
(calf, ahwﬁ, goat and buffalo-oalf ) aged 7~9 months were used after

repeatedly examination of fasces to ensure freedom from any schistosome

infections.

The large animals were infected by foot immeraion technique:

the right front leg of the animals were closely olipped by electrie

/hair olippers.,..



Flate, 1
Paotograph illustrating the infeetion technique used for

8Xposing large animals to eereariaes,

By this teehnique reeovery rates of up to 70% far S.bovis

and 48% fer O.turkestanicum were ashieved,



36

hair clippers, wahhed and clezned with warm water. The leg up to
about 3 inoches above the knee was then imwersed in a thick polythene
bag containing the eeércarial suspension. The uppsr part of the bag

wag tied firmly to the-leg to prevent loss of ths cercarial suspension,
The animals wers immobiliszed by tying the feet together and they were

kept atill for 45 minutes (uee Part, I). :

Hecovery of adult worms from large animals

The aﬁimalu vere starved for 12 hours before autopsy to
avoid hﬁring to deal with & full and distended rumen, The animals
were killed by exsanguination and to yrevent tha shift of the adult
worms to liver, no anaesthetic was used, Fast bleeding of the animals

Prevented any esignificant clotting of the blood in the mesenteric and

portal veins,

A gid%a-;untral :lncinionjwu then nade and the ébﬁmn vas
OPened. The worm recovery techbnique fwu similaxr to tﬁat ﬁnnd by
Cheever (1968) on human eada.varl‘. Werml were ra;&oﬁd separately from
the liver ang munteriu veins in the fénawing mnnerl The viscera

/ were xenoved,..,
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were renoved en bloc from cesophagus to rectum and the rectum was
ligated. The rumen,.abomasum and reticulum were then removed from the
intestine, The rest of the viscera ineluding lungs, liver, sumall and
large' intestine were then transferred- to the laboratory. Tha liver and
lung were separated from the intestines:and. the liver and intestine
were perfused separately. Before perfusion a wedge of liver tiosue

was removed for histological study.

A glass cannula with a nylon tube connector was inserted
into the inferior vena cava above the liver for perfusion of the liver
in & direction reverse to that of the blood flow, T=10 litres of tap watai‘
viere used, the liver was mapsaged intermittently during perfusion. The

liver was then slioed t0 oolleot any remaining parasites and rinsed

in tap water to remove adherent worms.,

The maont;eriu woere also perfused, Firltﬂ the small intestine
Were removed from the mesentery (After pushing all the worms in
®apillary veins on the surface of the intestine into larger branches
of mesenteric veins), The meuntoﬁe veins were then perfused from the

portal vein in a retrograde manner after outting the mesenteric veins

/ near theiyr.,,,
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near their insertions to the bowel. The free margin of the mesentery
wvas massaged during perfusion to help expel the worms. The major
branches of the mescnteric veins were then perfused individually<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>