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Aftor o brief hiﬂtnrimul nccouut of raﬂnmrch in

L&

mchiﬂtonomiaain nud O mtntqmant of thm nommuclntura af

T "

_;g}_}w nnd 1tu molluﬂcan Iwat. an uttempt lmﬂ bann

4
=

tndo in the firat pnrt of tho thonia to aynthauimo tha
ok

available inrormnticn nbout tho influence of factorﬂ of

rods LA

tho ﬂmtannal nnvirunmunt, thn pnraﬂitc nnd tha huﬁt upon

tiic dovolopnmont of achiﬁtoaomcﬂ in.ﬂnailﬁ. movoral aapa

l-i-

1n.our Rnowlcd&o of tho uubjuct are poiutad out, 0»90“

ially'with rozard to bulinid ﬂnail& nnd mcmbarﬂ of tha

i

*:,ch:latom}*m luwrmtnbium FrouD.
in tho socund pnrt o ﬂenoral dencription iu rirat
givnn of thu hiataingy of tho hamdnfont. tuntncln. mantlo

nnd dig amtive gland of Bulinuo ufrtcnnua nnd

“15-‘“"’3 ﬂu] inus) truncatus, \fvith tho hoadefoot and

mantleo spocial attention wasp puid to the.marphﬂlﬂEY:

;

~ 1

behnviour and origin of auuabocytnu nnd a lyuphold aroa
is dﬂﬂcribcd in tho'mnntlo which. it is auﬁgeatod, in tha
source of thc ugbabocytOﬁg A cumhinntion cf histological,
hiﬂtachumiual n;d cloctran.micrasc9picul techniquoﬂ nas
uhawn thnt thu digostive gland coutnina tho colla.cullod

"caleium c&lluJ in otheor nmolluscs, which are very activeoly

sgcrotory and digoative collas that aro prabaNIY'moﬂtly

absorptive.
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It 'is then shown that a refractory strain of i, truncatus
vas as attrative for tho miracidin of 5. mattheel as wore

two' susceptiblo races of Bi: nfricanus,  Comparative

histological obmeéervations have shouwn tlhat tho surfoco of

D._truncatus offcerad a vory effoctive barrier against the

penetration of the'miracidias [Llectron microscopo obsoere

vations have revealed a modification of tho surface of
thic epidormal plato?ih& apical papillan of the miracidium
that may beo tho woang of attachmont of the organism to
tho host surfaces It 45 suggostod that tho apporatus is

probably beottor adaptod for attachment on the surface of

the normal host, 0 (P) africanus than on [, truncatug,

ilistological obsorvations have shown that the fow niracidia
that ponotrated B, truncatus wvore destroyed by an omnocbocytic
reaction, The tigsuos of 0 (P) africanus did not roanct to
thoe miracidias, wother sporocysts or daoughter sporocysts, but
thero was a strong amocbocytic roaction againat corcariac,

It 48 suggested that a schistosome infcection will probably
only succeod 1f thoe host faille to recognize thc carly stagos
nﬂ'forﬂignlmntcrinl. It 4o also ghown that the thicknoss

of tlhec tigsue 4in which mirascidin pottleo detorminos thelr
survival., 7Tho pathological offocts of schistosome infoctio n

on thoe dizestive glond aro briofly described.
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Finmlly tho roaultu of 0 cambination of Lbistochomical
and ul&utrun;miorascépe nbaarVnilonﬁ have strongly suggosted

that tho bndy“wnll of tha daughtar mporacyat of S. mattheol

f LE -

and=ﬁ, baViﬂ pluym o fundmmﬁntnl rolo in activcly trangs-

2 { m

farriug carbohydrnta, in.thu farm of glncaﬂo. from tho

tiasuﬂu of tho host ﬁnail t S”Z africnnus, ta the cnrcmriaa

b

dﬁvuloping inuida tho pnramite¢t
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PURPOSE  AND  DESIGH
Tho thgaia is concoerncd with factors which infe-
luenco the dovelopuont of trcwatodo parasitos of tho

genus Schistosoma in molluscan hosts, but beforo

* e

discussing this sﬁbject an introductory account 1s

given of tho main landmarks in

A T S A

the knowledgo of schisto-
statemont

£
soniasis togothor with a
13 . 4 Ao

! - 1 a

of the nowmenclature

ol

H

of the parasitos and their snnil hosts.
in dealing with tho factors affocting the dovclop-

b
-+ -

ment of schistosomos tho thesis is divided into two

party. fFurtaliia'; aynthcaiampf 1q£or9a§10p :;pm
provious worﬁ;' Tﬁe onl& factors congidercd hoerce are
those which affecct the location and ponoctration of
snail hosts by schistosomoe miracidia and thoso which

influence the subsequent developmonut of tho parasito
insido tho host. The thoesis is not concerned with
wider ccological factors which influeonce the distri-
bution and population structure «of snail hosts. Part 1l
of tho thesis rdécords obsoervations on some of tho
factors whicl. influenco theo devolopment of &, matthool

and S, bovis in the snail hosts Buitinus (PhysoPaiﬂ)

africanus and “ulinus (Julinus) truncatus,



Thoase studios coveri- s

(1) the internal onvironment in which the parasitos
live = qﬁh15§0195§59}32qqﬂhipfochemical study.

of the tissues of tho head-foot, mantle and

digastivae gland .ofr Thysopsis africanus and -~ .

% PR - - ~ - 5 . . z » 3
A T A .. 6 : : ;o o : % 2

pi-
ki +

(2) the mechanisue: of yrosistanco of tho snaila to -,
- infection with tho schintososio parasitesy - . ;v
B
(3) .. tho motabolisu of the daughtcr sporocyst = a -

- histological, histochomical and cloctron micro-

scopg study of. tha . mature daughtor sparocyst,
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" NISTORICAL INTRODUCTION
Tho discaso now callod schistosomiasis, or billiare
ziaris, has affccted man and animals for many conturios.
Sovoral Bgypti&naﬁapyri 3;660 to 4,000 ycars old refer’
to haematufia”éﬁd éi#bqp;éaﬁriptionswfnr;{ta treatmont,
(Malok, 1961). “In 1910 Ruffesr confirmed the antiquity -’
of the &iﬂcnse‘whaﬁthe discovorod oprs of"Séﬁintéaomd

hacmatobium in Fyeyptian musmies dating ‘froi the 13th

+ et

rn.'
- -~ L

contury, H;C;‘”
fut the c#uéé éf the discase wéé not known until
105i when Theodor 5iihar3; énmann£béiéfﬁof Cairo vodical
Schoﬁl, dimcSVOred ﬁniredhifcmntaduaiin tihe mosonteric
voins of+anjﬁgyptian.* llo described the parasite and’
n&mcdﬁitmﬁistomﬁm hndﬁatobium (Hilﬁarz, 185ﬁf. ito thcn
uhbwcﬁ”%hat“thc urine of ﬁatiénta witﬂhmematuria éontﬁiﬁzd
iho*dgga”of tho trematode paraBito. ilharz found that
although moét of the fomale worms contained terminale
5ﬁinedlagga thiore were a féﬁ'ﬁhicﬁ'ﬁad lateral-spinod
onéa. In 1864 Hérln?bﬁoted that in South Africa hnéﬁaiuri;%
was caused by a schistosono which produced only terminale

spined opes. 1o called this Torm 0ilharzin caponsis to
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distinguish 1t rrom thc Lg;ptinn parasito which was gono-

PR RT S TR v L .

rally belioved to produce both terninal=spined and laterale
S 2 S S S SRS * '

#

spined eggse

LA | l “‘- ' - -"*'t . ’ ; !'f"';':
N + T ._.,J,F% A 1 ) § g yr et
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Thap therO'wnn morguthan.onc apuciea of tho blood

{luke waayclmafly gshiowvn by Sonsino. In 1876 he doscribod
FoT g T A MY L DU

E’-—W }fhj:t}h Jl_wh had iracovcrqdf from tho mesontoric

veing of cattlo at thu Cuiro abattoir. (acinland had by

L He sl i * el

thisﬁgiQQ ggqapcd a“nawggenus, ﬁchiatuaoma, for thuwﬁﬂg"

e

Mww of Bilharz)., Tho discovery of S. bovig
. L

munt havo#ﬁtrengthunod%tho views of thosc, cspecially
, . S S - " %e g P : . _f SN S g . . <8 .

danson nnd{SuPEino, who belicved that;inwugypt two sjpeclon
of tchistosoma iniacted wan.  sut Lovssy tho leading
yqlm;ntholqs;at 9rf;hat t;mq,ggtrqng}yqnggucdtfor one
ﬂgucica.ﬁfno be}iqy?d“tﬁgt thie lateral-spinod eggs worao
Prqdupngbyhgnfertiligoq femalos, Hupafpﬂwofﬁfho occurrenco
of onlyﬁlh?g;nl-ﬂpinpd QLS inwthégfaéﬁeﬁof pationts

in_tho Vest ,indics and in tiganda groatly strcnbthcnad
thekgage fﬁ; tho sgparatign 6f th; pnraaiteabyith laterale
ap;ned?cgggﬂgrq@ thonelwith%torminal,?pinua- consoqguently

wamban ( 1907) described and created thc spccices jaansonit

for the parasite with lateralespined oggs. But tho valie
dity of tho speccics was not accoptod by all helminthologists
until Leipor 4n 1915 finally showed that not only did

He hnomatobium and S. mansoni producc different typos

of eges, but thoy also developod in snail hosts belongling

to two quite distinct genera as intormediatce hosta.
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.Yt took holuminthologists word than«fifty yeoars tor
discoverithoe liforcyéle~of Sohistoslma. ‘Iwo factora
sccm to' hiaveo bedn responsiblo for this delay. ‘Thoifirat
is - that Dilharzts-discovery of 10521 came bLofore-the . lifo
cycle of' any trematodéd had béon worlied outi--:Reinhard: -
{1957),s24n-his historical: - reviecw of the udiscovery of the
life cycle of Fasciola hepntica,"hnsiﬁhownﬁthgt»by@tho
middle of th0219thﬂcentury*paraaitalbgiatﬂﬁandinaturaliata
had coime torbeliove that  tho corcariac’and tediae. 803
comaonly’ found”in gastropod molluscs were.developamental
stageb’ of flukes,. That Lolluscs served as:intermctilato
hosts of trematodes was:proved by Leuckert-and-Thomas
in 18082, :These: Wworkers,~one: in:Germany and the-dther
1h England;” independently discovered that Lymnaca truncatula
was the intormodiate host of:Fasciola hepatica. . <o

“The othor factor: rosponsible for tho delay--in disco=-

vering tho1ifc history of Schistosoma was the authority.:

of Loos&.: - Mahy unsuccessful-attempts were made to:find
the wolluscan or arthropodan: intermediate host of tharws: "
blood fluke, Tho failure .of theo- sfforts: of. such cninent
heolminthologists ns Cobbold, Lortet,  Sonsino, Vialleton
and Looss liimself forcad -Looss to abandon :the. intcrabdiate

lhost hypothesis. -Ho proposed-instcad that schistosonn

hind ‘a direct 1ife cyclej miracidia penctrated man when



1.

ho came into contact-with-infectod wators. Once inside
tho<huwan.body ithe miracidiun trdaveollod toitho livor
whero it.changod-intora sporocyst which gavo'risc-to the
adult‘wvfmé¢?ﬁbaommﬁ(190é) bitterly attacked tho intere
modiate host hypothosis in'lids paper ontitlod, "Uhat 4is
dchistozomun ‘aintisondi?" -~ Laeipor (1918) says that much
affort was wasted’over-a period’'of 20:years by workors
trying tO?variryﬂLoasn!a@thaof??vf direct human infcocction
by miracidia. :This, Leiper says,:was done in.submission .
to-Loossty "groat .authority in helminthological mattors
and-his-skill:in-dialoctics.”  Dut there were-mon liko
Manson, Blanchard-<and Sambon 'who-never-abandonéd 'the
belief -that a mollus¢-was.-necossary for tho dovelopment

of ~larval .stages of blood:flukess ™ 5 - 4.

¢ This.long and-hicated controversy waa brought to an
endfbyTthgwianﬁgiggtionﬁfdarriedfout*byiJapanaso workors:
and by Leiperd: A new-specios; -S. japoniéum; was dascribod
by Katsuradasin 1904, Tho prasonce of trematodo epss-

in. tho organs‘of ‘peoplo-who had died-of "“Katayama diseasc"
had led a number-of -Japancse. physicians to believe that -
thore was a causal .relationship betwoon the eggs and the
disoasc:  In- 1903 Hasai, -working:-in:a-district callod-
Katayama,; found "theé : trematode eggs in 'the faeces-of a

patient. -Fujinawmi in the followliig yoar rocoverod.an
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adult fomale Lrom the moesenteric voins of man, - In the

same- year, 1904, Katsuradaj unablo to obtain matorial

from wan, colloected:-and described pairod adults from dogs.
By 31909 Fujinami had shown that cattle, horscs, dogs, asp
well. as-man, were natural hosts of the schistosomo. During
the Yyeoars 1912-1914 liyngawan, - dMiyairi-and Suzuki, betwoon
themy, worked out the.complote life cyclo of tho .fluko, -
Thuy“fi;gjighoged:exparimcntally that. cercariae shod by

the anall:notr. called Oncomeldania nosophéra -infected wamxals
through tho 8kin and developed into 8. japonicum-~adults.
Thay then-found that miracidia which hatched from the

ceges of tho schigtosome: ponetrated intorOncomelania -

and devoloped, through-two: generations of sporocyst, into
coercariaae. In 1914 Leipcer and:-Atkinson visitod:‘China -
and.Japan. : Although-they-failed to £ind the’intecrmodiato
host -of S, japonicum.in China, the¥ coafirmecd tho findings
of tho-Japanesae wvorkera (Leiper.and Atkinson, 1915).

s - bDurdng the first World-¥War-large numbers of -British
troops were atationed in Egypt, -espocially in the Nile: -
Delta wherc schistosomiasis was both widespread:and scvoro
inﬁthﬁﬁpqaﬂant;pqulation.r*ng;BritinhnwarJﬂffico“was~
tharefore:anxious -to discover ‘the mode of -transuission

Of.tho disecaso so :that the-troops could be protected. -

In 1915 Loiper was sent to Legypt in charge of a mission

.
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whose- two=-L0l1d, task woe to discover tho way in which-
schistosomlasisiwas {transmitted and then: to advise on-

what preventive measurcs should - -bo inatituted, -Lolpor -
quickly.found. that the huran blood flulkaed weroc:not
gexceptionaly: but like. the other digenetic trematodes

they had molluscan-intermediate liostsi: bulindd .snails
acted-as. interuwadiate hosts of 5. haematobilum-while-.speclos
of:-Biomphalaria-vwere hosts.of S.-mansoni..'Dy~1883 1it.was
known-that  the’development -of:-a-digenotic: tronptode. insido
a.molluscan host took-sone:of two routes: «~a .miracidium
panctrated-into  the.snail in-whose.tissue-it:becano::a
pporocyst which: gaveorise-pitheor ta more:sporocysts.ors.
to.rediaej-the .second:+gencration. (daughter) sporocysts. - =+ -
and:redine thon.produced corcarine-{Thomas,;<10083). -Leiper
dewonstrated thatrmiracidia-ofiboth=-8¢ hacuantobjium*and:

Wi ipﬂnﬂtrﬂtﬂd‘rtbﬂﬁ ﬂﬁft; partﬂ;,, Of;m tlle qsxlail;}lloati .-

and these Lecome -sporocysts,’ Theso gave-rise:te o stcond
generation-{daughter) <sporocystas which migrated to: the:.-
digoative. gland where- they,:dn .turn;: gave-riso.to corcariaoc.
Hiyadri and:Suzuki had.-shown thie-to be’the mode of-develope
went of:8. . japonicum in‘Oncomolania, :Subsequént-obscr-
vations:on .the. route of-deveclopment-of the:-molluscan:*

stages-of other-aschistosomes=havo:shown-that thé:iproduction
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of cercariae by daughtcr aporocysts is tho only rauto -
of:*devolopment-in -the family Schistosomatidae. ~Leiper

nlso made:p vory caroful/ «studyof tho dovalopment of ‘tho =
two -Lgyptian schistosouos in pxporimental samualian.

liosta = nonkoys-and:ratasd rocd - 0w wis oo I
r o o' The igxt: drportant landigark,s siftor tho divscovary

of tlho .causerand mode of transulssion.of schidtosoniasis, .
was: tho: dntroduction ‘of drugyg for tha tradtuwent - of the
discase.  ‘Lmotina,:whicli-had. been' .discovered: by logors «

in 1912 forr amooblc dysontery, was Lirst-employod for

tho treoatuont of dcliistosominsis by Toeamis (1913) and
Diamantis:1(1916), -But wuich more important was tho inde-
pendent. digcovery of the curative value of antimony coupounds
in 1917 by McDonagh und:Chiristoplicrson., ::Antimony compounds -
ara: still itho best: drugs for' tlio«treatmont .0f nll throe -
types of huwan ‘schistosomiasis.:; llowover,: they ;are toxic
and ofton difficultto admindster. - During tho -last 20

to 25 years. socarch has nlsa Loon made for othor-schisto-
somacidas, A\ nunbor of xanthone derivatives havo shiown
prouisce during ‘thie scroeoening stigos, but at the: prosent
time -only .lucanthone hiydrochloride (Miracil D) iAs of

any clinical «valuo.:: Tho xecent: dovolopwont by Ciba -of
Anbiilhary a4 nitrothiazol, has tecuvived much publicity, -
but tho drug has not yet buun adequately:tosted: 13 the
field (World lcalth Organization, 19060).



During the: last.15:yecars Bueding’and his-co~uorkeras
havo-studied in:groat detail thé carbohydrate metabolism
of 5. wmansoni. . They have shown that although-.thc parasito
utilizes aome .oxygen; thé:major:sourca of cnergy 1s
anacrobic motabolism whiclhprocucds via tha.Embden=Moycrhof

schewo of phosphiorylating: glycolysis.. Thoy have found
that trivalontzantimonials kill the parasite: by inhibiting

the phosphorylating.enzyme; phosphofructokinase, BSuoding
Lhas also - demondtrated:that:alkyldibenzylomines intorfero
with. the active:tranasport-of glucose into:S5.:mannoni
adults without: inhibiting any of the onzymos involvod
in the-carbolydrate motabolism of tlic parasite (sec
Standean, 1963)e¢=v=uf m . a0 el

: Comparod with .other tromatode digéases, schistosomlasis
has-bocn very oxtonsively studied. Lven-bofore tho 1lifo
cyclo . of schistoscmos was-known, dmportant clinical and
pathological-obsaervations woro made on-the disease due
to’S. haomatobium in Lgypt,‘S. Japonicum in'Japan and

. ‘mansoni in South-:America. Fairley's experimental

studies-on monkeys infected. with S. haematobium and

S; mansoni-and:-his<c¢linical obsorvations in 1939 laid

tho foundations:upon which much of the later -work has
beenrbaseds. In'1924 Foust and Melency made an important

contribution in their studies on the disvaso duc toO
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S._Japormcum in China. During tho last 40 yoars many
hundreds of papors on the pathology of schistosoumlasis
have been published and a good deal is thercliore now
known about the pathological manifestations corraaponQing
to tho poriod whon the worms are doeveloping, thoe ecarly.
poriod of egg~laying and tho later chronic stage whon. . .
eggs tond to he trapped in tha tissuca of the paticnt,
Tho World Health: Crganization Lxport Comndttco on
Dilharziasis (1905) have. sunmarized what is known of
tho pathology of the disease, but have pointed out many
gaps which need filling,

llowover, although a great deal is known about tho
clinical wmanifestations of schistosomiasis, the importance
of the discase as a public hoalth .problem has nat always
been adequatoly assosscd; this is particularly true for
thoe discase due to S. haematobium, - This conflict of
opinion is woll illustrated by the discusaion which has
followed the paper by Forsyth and Dradley (1964) and
Forsyth and Macdonald (1965) on so-called irrcversiblo
urological changes in children iufectod with S, haematobdum
in Tanzania (sce Neolson in the discussion of .the paper

by Webbo and Jordan, 196003 also Lucas, Adeniyl-Jonos,
Cockshot and ‘Gilles, 19060).



»  vrUngeimportant, .i£ not . the most iwpoxtant, rcason.

for the-uncertainty pbout.:the, publig. health luportance

of gchictospwinsis is-tho paucity of. information on.acquired
tho | : | ’
imynity. to/discpse..  As long ago-aa 1910 Yoshimoto. demon-

gtrated.tho presence«9f:a complement=-{ixing an
man-infeotod .with B.*uananicum*ggfhefwggpgnnapmhad demon=
strated the.presenco of .antibody against thg, parasite.

in sera-@ficalves. in 1909, .. Since.- that tiwe. a vost lite-
raturo.on.,serological tepte for schistoscniasis has
accumulateds. .Kagan and. Pellegrino; (1961) have provided
a- good critical.roview.of .all theso methods oxcopt tho
fluorescent antibody.technique. which Sadun and his co=
workers. have; receptly introduced (Sadun, 1963). . ..

. .- &1though there.ip: plenty; of evidencoe. (as is shown
by the various gerological. ;oncﬂt,jl._mlp)u,fop the prescuce
of antibodies.in circulation. in the blood of both man. . .,-
and aniuals, the significance. of those antibodics in
rolation;to. schistosome infections is not known, Fujinaal
in. 1916 was tie first to draw attention to the fact. that
People oxposed to S.. japonicum .for. the first timo bLacama
tuch: more, sericusly. 111 than thosc. constantly. exposod to
Iinxpctionfuiltf1gwpoutggnppn11y'accopted that in endgmic
areas schistosomiasis is more scvero in children than

in adults. This supggests that wman doevelops somic daogroo
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of rosistance ‘to tho discaso. ~ But ‘the only oxporimental
evidonco in support of this comes from the work of Fisher
(1934) who oxposed 6 Congo mon’ from a highly cndemic arca

to hundreds of corcurine of S. intorcalatum and found that

‘they were resistant Lo infoction. It was tho studics of
Vogel and Minninyg -(1953) on S. japonicun’ in rhosus monkeys
that stimulatod the large’ voluwe of work that has been -
publishod-(especially® by’ Sndun and his’ nssociatos worliing
on S, Wwansoni) during the last and present decades,
Emithers (1962) has critically roviewed the literature

on this subjecty hé concluded that, from largely circum-
stantinl evidence; man can gradunlly bocome rosistant to

Schistonoma infection;"mice and hamsters become partially

rosistant: to re<infection, while :rhosus monkeys undor
certnin conditions ‘Lécomo completoly rosistant. The '~
mechanism of resistance“is ' not known, althougl both humoral
and collular’are"believed to'be involved,

‘An ihteorosting-suggestion -wvas made by Lo Roux (1961)
that in enaemiﬁfancns*tho“bipbhﬁfa of man to corcariao
of ‘bovino' schistosomes may immunize him against tho human
spocles,y ‘and vice versa,” This ‘tded has been more fully

dovoloped ‘'by Nolson (1964).+v '~
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During tlic -last 50 iyears 'almost-all rescarch on..: -

the -snall ‘side of sascliistosomiasis hans becn - congerned
with tworquestionst: digcovering actual ‘and potcantial
intermediate hoats *in various-countries .and finding.wmcans
of dostroying'tlic .anail vectors so as to intdrrupt trinse
mission of the diseasc, In Africa a very:large .numnber. af
speclosof rlanorbid snaills wera-ropirted:as-niatural ‘hosts
of human ‘and animals schistosomag. Most-of these'apdécios"
woref'huwévor,'&ainly*baaadﬁanaahcllxcharacterﬂ:andathiaw
led ‘to much ¢onfusion which has been gonerally resolvad: ¢ -
by HandahleBarth ( 1957) , "who ‘has:systeumitized:the African
snail hosts on the basis of-their soft-anatomy:and.sholl. -,
characters, “In-the Far~East-Abbott.(1948)+had already

shown that dll forms: of Oncomelaniatcould berreduted-to =«

4 ‘species. - An important result-of-theé attezpts:to infect
potontial enailihosts:was the discovery. 6f tho:oxistence: :
of geographiocal strains-of*both schistoséues.and-snhails
(Vogol, 1941 fevieW'by*Wright,ﬂ19ﬁgsi - Hsu: and lipug .~ =
working on 83.: japonicum; and Snoid' (1965) on Si: mansoni-
have shown that goographical races of aschistosomoes also
dif{or in their behaviour in"mammalian hosts. 2 {(See:llsu.

ond lisu; 1962, for studies on straink ofS, . jnponicum)

-
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Alizost as soon as theo rolo of wolluscs in tho:trana-
mission of schistosomiasis had beon discoversed, tho
iuportanco of dastroying tho intermediato hiosts was
rocognised. In 1915 Loipor ‘rocommended, among other
things, the drying of canals-in order to.dostroy snails
by dessication. (At that timo it was not known that souo
snalls c¢an asurvive for long poriods in dry asud). Loiper
also suggestod . tho 'use of anmonium sulphate for killing
anallse Thus, fraoithe bLeginning, the two main approachos
to snall control weroe discoversd; the usc of wmolluscicidos
and the alteration orf '‘anail habitats. The latter mothod

has boenused én a lorge scale in China and the 'hilippinos,

From China, considarable success has boeen roported by Mao
Shou~rai (1962) « goc also:Discussion following Shou-Pai's
paper (Ciby Foundation:Symposium on Bilharziasis, 19063,
Pe 222 ££), " Out whore alteration-of snail habitats cannot
bo iIntograted into agricultural and devolopmaent sclionos
this approach is prohidbitingly costly, and this applics
to most of the ondemic ardas in African countrics at tho
present time, - ' | B i .

Morce attention was therofore ipaid to molluscicidos.
Tho firat roeally effoctive molluscicide to be used was
copper sulphate, Chandler discovered the molluscicidal

properticos of coppor sulpliato in 1920 and in 1924 Kbhalil
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demonstratod that quito high dilutions of theo compound

wero lothal to spocies of Dulinus and Biomphalaria. Dut,
as with other aspcets of work on schistosomniasis, a largo=
scale scarch for roally offoctive mollugcicides had to
owalt the stimulus of tho 3ocond World war, Sinco tho
end of the war, many hundrods of chemical couwpounds have
been scrceonecd for molluscicidal proportics. Thero aro now
¢ really satisfactory molluscicides - satisfactory in
thielr toxicity to molluscs, rolativo harmlessncss to
othor aquatic fauna and to flora, and in being couparae
tively cheoape Theso aro: sodium pentachlorophenato,
vhich was introduced in 1948; Baylucide (Dayoer 75)i
1C1.24223 and WL,0008, which is said to be 80 times
morce toxic to snails than sodium pentachilorophenate and
8 timos moro toxic than Baglucide (World lcalth Urganization,
1965)« Many of theso molluscicidos are.being cuployed
in control projoccts in Africa, South Amorica and the ¥ar
Laste The VWorld llecalth Urganication manual cntitled,
"Snail Control in the Irovention of Bilharziasist® (1905)
is a valuable summary of snail control tochniquos.

In tho last 10 ycars great progross. has been mado
in the ccology « c¢specially the population dynamice =

of snail vectors of S. japonicum, S. mansoni and

3. hacmatobium, These studies have reveaload seasonal



{fluctuations in snail populations and a corrosponding

pattern of transmission of the parasitos (world licalth
Organization, 1965), nocéﬂlﬁattampfa by Hairston (1962)
and Macdonald (1965) to obtain mathcmatical models of tho
¢pidomiology of the discase have boen a valuablo stimulus
to work in this fiold (Vorld lloalth Organization, 19652.
Finally, thowdcvulnpman£ of the coﬁcept ofwachistoﬂ
somiaasis naiu-aoonnaia muaf bé uentioneds {Althqugh thio
inportance of QOmostic nni@ﬁlﬁ:in th;maiﬁtonanco of |
Se_laponicum was r;coghiibd‘gnrly this contury, thLo pooni=-
bility that animals might play an imﬁortnpt part in tho

transnis:-ion 0f‘human schitstosomiasis in Alfrica and Scuth

America was not soriously consideored until 1952 whon
nuntz discovered 5. mﬂnsoﬂi inla gerbil in Lgypts A
nunber of specloes of ungulates, rodonts, carnivoros,

P

primatea and inwectivaroahhave sinco becn found naturally
infected with schistosomcs of smedical importance‘innfrica
and Sauth_ﬁmaricn.} Although nonoe of theso animals haﬁl
been definitoly shown to play an cgsontial role as a
maiﬁtananca hoat of infoction, tho high infection rqtcﬂ

of 5., mansoni in theo bLaboon (Paﬁio doruera) in paff& bf
Lnstiﬁfrica may be of opldemiiological BignificanQOn

(Soo Nelson 1960, 1964, and Nelson, Tooesdale and iliighton,

1962),



NMOMENCLATURE - OF  SCHISTOSOMES
AND THEIR SNAYL - OSTS

1. SCHISTOSOMES

According to Yamaguti (1958) the faniily Schistoso-
matidao Looss, 1899 contains at least 735 species belonging

4,

to 14 genera. Four of tliese gonera - Schistosona,

Schistosomatium, Hoterobilharria and Divitellobilharzia -
are oxclusively parasitos of manmalsi ong gonus,
Oritiithobilborzia, contuins spocies which infect both
marcials and birdss The rost of the family paragitizoe

birds only. The gonus Schistosoma contains all tho specice
which 4infcct wan and domgatic cnimals. ¥ It ‘is for ‘this
recason tlint the sonus lins been studied muchli'more cxtone
sively than any other membor of ‘Gehistogomntidac,

In the oldor literaturc the genceric namo, Dilharzia,
was more comaonly usod than Schistosoma, Bilharsia uas
ercctod by Cobbold in 1859 for Bilhars's Distomum |
haomatobiun, Weinland had, h&&e#er.*crentod Schiﬁtoaoma‘w
for tho samo parasitc in 1850, rioth:ﬁilt;mrzin and |
Schistosoma wore uscd 1ndincri&1nntcly and in 1954 to

avoid confusion the Inteornational Commission on 2oological
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(a)  S. haowmatobium group: S. spindnle Montgomeryy 19006.

Icont'ds

$. incosrnitum Chandler, ‘1920,

" 8. indicum Montgouery, 1900.

5, loipori Le Noux, 1955. - -

(b) 5. japonicum group! S, Jjaponicum Katsurada,: 1904.

5, marercbowici Le Roux,;~ 19335,

okt TSR S ReuE R AR P

1 :

(¢) S. mansoni group: 5. mansoni Sawmbon, 1907,
S. rodhaini. Pruupt, 1951, @ -

Others which have not vet boon adeoquatoly studied

include tho followingie

S, curassoni Drumnpt, “1951.

S, nanale Nao, 1933.

8. suis Itaoc and Ayyor, 1955,

S, edwardicnse Thurston, 1904.

e hingonotnmi Thurston, 19G3.

Expoerimental studios on S. mattheei and-S.-bovis

arc roportod:- in Part II of this thosis, S, nmattheel

was discovered by Voglia and Le Roux (1929) on:a sheop



24

momenclaturo ruled in favour of “Schistonoma on grounds
of hintorical priority.

in 1950 Lo {Joux surprosted tiat’ the Genuy Schistosomnn
should be split into 1 gonora - Schistosona,  Sinobilharsda,
Ruodobilhiarsia and Afrobilharsia. Thuils clamsification
dous not offer any obvious advantages over tho’older oncs
and it hao not boen reneorally atceptod by holuiinthologista,.
Grotillat (1962) has proposed a now gonus, Proschistonoma,
for S. curassoni Drumpt, 1931 chiollyon the grounds that
in the snail hest the parasite oultiplied by extornal
buddin « This has not yot been confirmed by othor workoers

and roscuinptosoma 48 thercfore regorded as o gonus

ra

1mguiz*mu‘in .

(ver 20 precies of Schintoroma have boon deucribed

but tho validity of a number of those is quostionablo.
ne followine aro well recognizod speciosi-

s

(c) £, hocuatobium groups’ " S. hacmatobiwn (Bilhars, 1:?:5?:)
«ginland, 1v50.

3. Lovis songino, 1376,
ve intercalatun Fishor, 1934

2, matthicel Veglia ¢ Lo oux, 1929 ~
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‘Carei owned- by a Mr.t?atthod, - Lo NMoux (1929) studied tho
pathology ‘Uf ‘tho dnfoction and shovod that tho parasito
vas ‘responsiblo forr icavy::lossos of -shoop iu this arco.
It 'wag lator roportod: in mait, tho baboon, wild ungulates,
shocp, goats and cattle in Rhodesia (Blackie, 1932), and
in cattlag,. shaop ond baboons in Cast Africa (Nelson, 19603
Dinnik th’d”Dixuxilc“,“‘“‘l965"ii*. s pitechford (1959) lins shoun that

3., nmatthoed is widosproad in South Africa with high infection

ratos in both man and cattlos Pitchiford (1905). and Dinnik
and ‘Dinnik (1965) have studied tlio morphology and ‘distri-
Bittdon of 8, wattliool, S. hnomatobiuti and S, bovis:and:
drroo ‘that ‘S. mattlhioed «1g ‘n-digtinct spocios. -
Ssodntercalatium is apparontly indistinguishablo. £rom

S, natthoei: morphologically, but it has'baanff&nprtﬁd
‘only fromtlic Corigos In Africa:§. mattheol is mainly a
fdouthérn'paraaitd*aﬁdf5=‘bov1§ a“horthornanér‘infﬁaat“‘
‘Africn thoyroverlap: in their distribution,

Schintosonn bovig was 'Tirst Lriefly ‘doscribaed bYy
Sonsino 'dn 1876 and moreo fully by :Khaldil in 1924, .Tho
"1ife ‘history of tliis. parasitp bas boon fully studioed by 7
Lengy (1962), ' '8, ‘bovis ‘48 wmdinly, 4 not cntirely, a
‘pardsite of cattle, shoop, goats, and cumols -in Africa,

‘tho ‘Middle East and Southern [Lurope. Thero hdave beun’'a

"
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fow reports of-ithe infection in uan, but tho idontity
has.not been - fully established because thoe norphology. of
tho.uggs im -tho only :eriterion for distinguishing thia .

speclea L{rom others . in its group of the gonus,

E
L
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2, - SHAIL MOSTS . - ta o, o elal <

~ ALl the intormediate .hosts of Schistosoma bolong
to two orders, Pulmonata .and Poctinibranchiata, of tho
cluﬁsjﬁggprqpogqrwrIhﬁhintermcdiate~houta~uf'ﬁ. japonicum
are nembors .ol the fawlly; Amincolidag of -tho Joctinie-
branclilata.: - Abbott (1943). has shown that all tho matural
intermediato hosts of 5, joponicum belong to one gonus,

Oncomolanin:. . these aro 0. formosana, O, hupensis,

RS S TR R e

0. nonophora-and O, quadrasi.:- Specics of jonatiopsis,

which 18 veory similar to Oncomalania in its anataomy,
lifo history and ecology (lialek, 19061), have becen infected
with S. Japonicum in the luboratory.. . .

in-the Pulmonata two families, ¥lanorbidae and. -~

A -

Lymneidap, have natural snail hosts- of schistosomos, and
one. spccilas (Forriasia tonuie) of a third fanily Ancylidne,

hags booen experimentally infected with Si hacmatobium

(Gadgil and Shah, 1956): but the role of this snail in
the trausmission of tho parasito has not yet been fully

cstablisheds In the Lymncidaey Lymnaca luteola trancmits

o R L o .
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.~ Tha majordity of tho snail hoastas of fSchistosoma,

howaver, belong to the Planorbidacs JIn Africg at lcast

5 gonera and 1306 specics vere described for the subfamily
Julininao: f}%qtl%*lfl?-parth (1957) haa shown that all those
can.bo roduced to. 21 spocios and 6 subspecics which belong
to a single gonua, Julinus, comprising two subgencra,
Bulinus and. Physopsis.. lle has similarly rcduced all the
-forps which. serve as intormoediate hosts of S, smansond

and. S._rodhaini frou at lcast 5 genera .and 45 spocios,

to. 19 gpecies and asubapccics belonging to aone gonus,
Dionphalaria, of. the .family Planorbinae. llubendick (1955)

shiowod that Australorbis and Tropicorbis, snail hosts of

S. mansoni in South America and tho Wost lndies, wero

anatoeundcally indistinguichable from Diocmphalaria. An
application by LWright (1562b) has reosulted in a ruling

o Ay ey el e e o - - PR L a r -

by tho Internationnl Commission on Zoological Nomenclaturo

(1965) which mcans that all tho hosts of 8. mansoni bolong

FYEREE

to Niomphalarin which has precodonce over other gynonyris

Howover, for convenicnce, the oldor names Biomphalaria,

£ ARG D ) N AWM W A I R P e A g g M e il 4. o

Australorbis and Tropicorbis are rotained in thip theslis,

& Wil ol o v Al

For African snails tho terminology of Mandahlefarth (1957)

is adoptaed horo becaugso although wmalacologists still

&
t_.
!
3
?
>
R

disagroc over identification of specles and cspecially

subspocies of Bulinus and Diomphalaria, MandahleDarth's
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monograph is the only systomatic work on thesu snail

hosts that is availabloe., Indoplanorbis exustus, a mombor

of tho Dulininae, is tho host of S. indicum and S. spindalo

in Asia. [Planorbarius motidiensin, wkiclhi boelongs to a
third planorbid subfamily, Helisomatinae, lhas been expeorie
mentally infected with §S. haematobium (UBottencourt, BDorgens
and de Soabra, 192%1) and S, mansoni {(Barbosa, Barbosa and
Morals, 1959). The clasgsification of the PMlanorbinae by
Baker (1945) has been retainod here becausc, although
Hubondick (1955) has shown that in some casos it doos not
refloct phylogenctic rolationships, it is the wost familiar

in the literature on snail hosts of Schistoaonia,

Tho snoils studioed in Part 11 of this thesis aro

Nulinus (Phxaansiﬂ) africanus (frauss) which originally

camo from Nolspruit and which Wright (personal comaunie

cation) now reogords as o (P) clobosus on the basis of thia

oloctrophoretic pattorns of tho protoins of its oggs,

and Bulinus (Dulinus) truncatus (Audouin) from Lgypt and

1rane
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CHAPTER - | ‘ 3{5’

A REVIEY OF PRUVIOGUS  WORK

INTRODUSTICN. . . o e o T

In Novenbier 19065 tho Nritish Socloty for iarasitology
held'a Symposiunm on Y“Factors Influoncing the dovolopment
and bibhaviotr of parasites in their arthropodan and molluge
can hoete.¥ This subject "eas chosen for dimcussion at
this 9?mpoﬁiﬁm boecause the council felt thiat littlo attention
had been paid in the''past to the factors influcencing host-
parasitc relationshiips in invertebrate hosts, It was felt
thot discussion of theme factors might also provide a°
eroater undorstanding of the way in which parasites aro
disscminated., 1t was this consideration that had led
tht council to proposo; through the ¥World Federation of
Parasitologists, “that the subjéét of hosteparasite relations
in invertebrates should be included in tho ‘proposed “Animal
Parasitiem and Human wWelfare® scction of the Intérnational
Biolngicnl“Ffagramm&*of”tha7Iﬁtérnatibnmi’Uhiohiof"310~
logical Scienceés.: (Sécond Symposium of’ the Dritish Soclety
for Varagitology, 1964, pivdd)s -« o

The World llealtls Ofganization'has estimated that
between 180 and 200 million peopleo are infectocd with
schistosomiasis (World fiealth Urganization, 1965), 'But

this-is noét the only snailetransmitted infection affecting

man, -Opisthorchis, Clonorchis sinensis; Fascioclopsis

N e

o
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buslki and fararoninmus westermani are all iuportant troeoatode

ﬁuruéi{eﬂ afiecting many millions of poople in the ar
“ate Molluses arce also important interwcdiato hosts of

the newmatodo Snciostronvylus whowxo loarvac wander in the

central nervous aynter: of an causin: cosipophiilic meningitls
{ llit:atii. 1964), In tho veterinary ficld trematodes,
cupecially liver fluke, are of great cconomic importance,
In thdis field of trematode~borne diseasos a groat
denl of ui:ontion has bein paid to the clinical aspoects
of tlhe discascs, thedr treatuenti and, especially in
schistoeominsis, t!e¢ contro! of the dlsoasa using molluse
ciciiluse "ut relatively little attonticn Lias been giveon
to the intimate relatiounships of tho tromatodos and thelr
Hdolluscan huets, he ubrmi‘fﬁtiou& t at have beon aade
arc scaticred through the litoraturo and no provious
a;tempt has Leen made to bring tho gubject togethiers
1 have therofore considorcd that an ossential part of
this thesis shiould be a critical roview of the factors
influencing the hosteparasite relationsghips of schistosonos
and snails,
Hosteparasite relationships, 1ike other hiologicalq
systams;fconwiat of such closuly and intricately intof-
connccted ecvents tl.at attoupts to discugs parts of tno

system in isolation are always arbitrary, It is proposecd

vl ey, il - rillle f Eoplrd 4 0 0 L A 1 e
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to restrict the rovicew to that part of the Losteparasite
rolationship which bLeogins whon schistosome wiracidia and
host snails occur in tlic¢ same ocological flold and onds
when the corcariano loave t::‘im inf cﬁtoﬁ ;z‘;naif. Tho reviow,
therofore, covers factors which aficct tho penctration
of miracidiao into snail huafa; tﬁu subanqueﬁt dﬁvglop@ent
ththﬂ sporocyst ;nﬂ tho prodﬁc;iﬁn of ccfcarino.w“hidar

S O n R . | T
ccological and opldcecmiolosicul factors affecting tue

A -

population dynamics of tho purééitn and {ts host arce

L
i

-~
2
I

cutside the scope of the thenis,.
Tho factors affoecting the mollusc—schistosome relatione

ahips are revicwod under three main headingsi-

- 4

A Thoe Extornal ﬁnvirunment, 1ncluding tomporature,
light, gravity and water velocity, '

iy E x - -
1?-_-‘ i : f -.I'?

D The Parasito, including the ago of thoe miracidia,
tho density. of the-wmiracidia population, nicans

of ponotration and tho-rirace. of;:the-parasito.: -

C. Tho lost, including attraction for miracidia, infection
with other parasites, tho age, :@race, . mcchanlsms
of resistanco and physiclogy and biocheristyy of

tho intefnnl cnvironmoent,

"ﬁmrﬂ _‘m‘w ot Fha Mo
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Miréd factors in tho envirdnoént of the lopts dand
Pﬂfaﬂiiéﬁiﬁrauﬁaﬂd§aily ;;ﬁﬁidoréd imﬁgf%aﬁéiiﬁ tho doevelope
ment of schistosomos i# moliuscs. Thése bro’ tomporaturo,
1ight and’ gravity. A fourth factor, thoe spesd of water,

may be equally iwmportant, but it hids not been adoguatoly
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studicd.

1. TEMIERATURE

There is evidenco that luﬁpéfntﬁrﬁ”affeété

(a) tho pénétrutiah of ﬂdhiﬁfghbﬁb miracidia into snails

and (b) tho aulméquen“t dovelopmont of the parasite.
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(a) Effect on Penotration of Miraeidin

'De Witt (1955) appears to be the only investie-
gator who has attembind to discover the c¢ffect of
‘Eémpﬁrdturo on the penotration of schistosomoe wmiracidia
into snails. MHe oxpomod groups of Australorbis
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clabratun to miracidia of 5. mansoni at 10, 25

35° and 40°C., The snails woro thien maintained at -
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26=203° +- duiring thoe incubation period. " Using shedding
of:cbrcnrihoqand:diaﬁuctinn,ofiﬁnnila;naitasta for
infcction, " De-titt: found that ' nonhe of the snails”
exposed ot 0°C. becatie infectod, - Higlier proportions
of thonanhilﬂaexpohodfnt‘SSQCi“were”infacted than of
Bnails bxpoaad?ﬁtWQSEC.E”Thaihignosf infoction rate
was in the' group exposed at"40°Ci “But tho'high
tiortality in:the group'malice it Qifficult to be” -
certain that:ithé:high-ratos in the few Burvivors
répréosont:such higli rates for-the group oxposed - -
at:40°C, as a wholoe: -+ 7

1t De=-lidtt dinterpretéed. tho inerease in infection
rates . with-increagosdn. temporature as indicating

an increaso in tho ponotration rates of miracidin. -
llo- concliuded: - thiat the ability of '§, manaoni miracidia
to:penctrate the snail host was probably diroectly
relatid to- the onvironmental temporaturc and that

thoe optimua towperaturo wmight be thoe maxioum todipe=
rature*trat: tliec snail hoat could tolerate. put tho
way'dn wliieli-tho gxposure temperature affected the
rato:qf infection:-of anails is not cldar. TDeo-Witt:
noted that whorecas the miracidia swam very sluggishly

at QOC.fthuy~w0r9~very.activo at 10°¢c, It is thoro-



10
foro. posoille that by incroasing the sgwiliping activity
of wmiracidia, a rise in temporaturoc uight bavo
increascd tho chances of penctration by increasing
the nunbor of contacts Lotwcon tho.wiracidia and tho
snails, The risc in tomperature could also have
raised fhe;pegntrn§§ng officiency of tho miracidia,
or it might even. have altered. the skin of the snail
in such a way as to.ronder. it more gasily penctratod,
another possibility . is. that tha:pxpoaurg tonporature
might have affocted tho viability of the parasites
without affocting tho penctration ratou: Chao and
Ball (1962), for example, have shown that exposure
of mosquitocs to a- tewperature of 4°C. within 408
hours of oxpaaur; to infoction with Plasmodium rolictum
had an adverso effect on the early. dovelopmental
stagos of the parasites - the oocysts devolopod, .
but the sporozoitos were not vinble,

Gordon (1950), in a roview of Do-Witils paper,
suggostod that the experiments ;houlﬁtbe repon@&ﬁ
using Africon S. mansoni anﬁ.thp appropriate snail
Losts, but. to date tho subject has not becn studiocd
further, It isn thoroforo not known whether the.

tomporature at tho time of axpoﬂurapinfluencﬁs thao
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infcction rates of other straine and srocios of
schistosones in thoir cnatl hosts. MNor 1¢ it known
for certain that the oxposure temperaturce affcects

the renetration of snails by miracidia,

(b) Iffects on Déevelonment

The temperature of tho nn;iranment in which
infected snnailes live affects tho dovelopmoent of
schintosrome jyarasites in two ways. It influences
(1) the rato of developmont of tho narasite, and

(11) the rato of infection of the snrnail hosts,

(1) ﬁgtﬂ orf Davolapment

The first ovidonco of the effoct of tempeoraturc

on the speed of dovelopmwent of schistosomoes in snail

hosts came from the studics of Mansop-Dalr and Fairloy

(1920) in Feypty they obscerved that the natural rates
of infoction of Bulinus vith S. hacwatobiwa and

Hiomnhnlﬁria wvitl: S, mansoni over a poriod of one
year and found, f{rom suail disscctions, t .at in 0211‘1)'
spring most ini‘cctions consistod of immaturo GPOIO=
cysts and corcariso, Tho highest incidonco ;f aturo

infectionse was in tho autunn months, It would secn
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tharefore .that tho dovoelopumont of. sporocysts and.
the: production of ceorcanrine (alrcady presgnt in
snalls. in autuwan) wae arrested by the low winter
‘teoporatures, At the same..time thoy atudied other
tromatodos and their snail honts, paying particular
Attention. to. an amphistostonoe. cercayria (probably of
Paranphistomun cervi « poo: El-Gindy and Rushdi,
1962) which parasitized Bulinus truncatus, .They- -
Tound that tho pattern of scosonal developnent in

this was gimilar to that .of the schistogsowmosn,

« Sopakar (1921) studicd the incidence of Schistosoma

Bpindale in the Indian planorbid snail, Indoplanorbis

exustus over a period of two yoars, lie demonstrataod

clear soasonal fluctuatiocns in the proportion of
snails shodding corcariane. The highest infection . .
rates werae in autunmn and the lowest in winter, This

worlk has ofton beun ragardoed as evidenco for arrested

or rotarded developmont of tho schistosome in tho
hoet snail (De-Witt, 19553 Standon, 1949). | g
v Theo c¢learest ovidence of tha e¢ffoct of tempee-
rature on thoe davoelopmont of schistosomes in molluscs
wae provided by Gordon,. Davey and IPeaston (1934)

from Giarra Leono. This worikc s considercd at some

longth becauso it is a classic in tho £iocld of
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oxporimental infection of snails with cchistosowas.

Thoy:firet:worked-out tlic propatent poriods of
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