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ABSTRACT

In this study the influmce of physical factors on the sureival and
Infectivity of 8, monsont and £, hoematobiunm mivecidia wao comparcd. The
phycical fostore studied include temperature, light, craviily, deplh,

hydroctatic pressure, host-parasite dispersicn, rate of flow of wvater and
turbulence, ultra~violet rediation and tho length of contact tino.

thile tho influenco of ome physical factor was being investisated all
the othores were kept constant and the lovels of each factor applicd woro
chosen in oxder 0 includs tho linits that mey bo encomatered in tho £icld,
The criteria for the influenca of a phynical faotor on miracidia were the
infection ratos produced in musceptidlo emnils, In comd ceces the factor
vas epplied 4o tho nirccidis alono for a period of time bvoforo cxpocing the

gaalls to lhem, Iliroocidia were examined under a dissceiing microscopa
for mortality or degroo of netivity of ouxvivors, whore the fector (ouch
ey temperaturo or ultra~violet radiation) affectéd thoir metsbolic ratoo.
The depres of ectivity of niracidia wvhiich indicated tho extont to vhich

e physical factor affectcd them was descridbed as “ACTIVE®, ®SIOUY™ or

WIETHARGIC? end wvas quantificd by calculating the mcan rates of movenont
of nirecidin in theso categoriese For factors which seted oo siimld,
guoh a3 licht end gravity, the responses of tho mirecidia were recoxied
s a positiveo or e nogative taxis,

Tho uno of carefully designed apperatus and simplificd methods made it
porsible 10 reproduce the experiments coveral times, end statistical analysin

of the rosults helped to coocas the significance of differences obtained.
Theee studico hove chown thet tho survivel and infectivity of Se pansoni
exd . hacmatobium nivacidia were influenced in a very cimiler parmer Yy the

difforcnt physical fectorn ond that both parasites have a remarksblo capacity
to locate, cecloot and infoct tholr cneil hosts, It wvas found that they

wors not limited by dopth, hydrostatic presoure or dicpersion end that they

- r:-rr-—-!--rt-p:-"?‘-'l—'.l'-‘"-"'l.“



wore capable of infecting suall hosts in wator flowing at moderato rateo.
tho different rocponses of §. mansond and £, hocmotoblun mirceddia to licht
end grovity cppeax o increaco thoir chences of meeting thalr parkicular
enail hoots,

The use of the physlesl factors atudied to interfore with the infoctive
cepaciiy of ochictosomo nixacidie and thorcly roduce tranmmicalion in endenioc
proes has beon discuogsd,




ACETOVLIDGTUFNTS

I am Qcoply indebted to Dr. G. Vebde, my cupervisor, for cuggesting this

3ine of invenstipation end for his guidance and encoursgement throughout the

course of this ptady. Y vonld lilke to cxprecs oy sincere thenko to Dy

Christing James for her otimalating discussiona, edvice and encourzocnont
durling tho experiments end in the proparation of the thesis. T wich to

record that I benefited from discussicns with Profescor F.J. Diges of

Cinciznat! University and Dr. H.A. Croll of the Imperisl College Ficld
Staticn, Ascot.

I an very grateful to Dr. R. Foster of Pfiver DPrug Co., Cindwich, who

supplicd mo ulth &, mancond ond B. pfelfferis to Mr. J, Twrner, the glassblower

of tko London School of Hypicne and Tropical Medicine, who exportly nade 21l

the epecial glass epparatus used in thic stody; and to Mr. 4. Charters for

m:king the "Hotbhoxt, I wich to thank Dr, ¥, Fills and . V. Lrass, both at

the Dopariment of lodical Statistios and Tpidemiology, for thoir edvica in the
plaming of tho experinonts end the analysic of tho results yesneotively.

I am very grateful to 1. PR, Stiff of Danovia 14d., Slough, for advice
on the uno of tho ultra-violet lemm used in the study,

Lppreciotion is duo to all tho siaff of Uinches Farm Pleld Staticn during

the three yoars of mwy ctudy, vho in varicus ways gave invelwable helyp.

I am grateful to tho Coomonwealth Universities Association of Creat
Britain and tho Britich Counoil for finmmcial ecupport, and to Dr. Lotitia
Changy Director of tho Institute of Aquatic Blology (Council for Sciamiific

and Industriel Research), Chana, for cncoursging ro to wndcriate studics in
this £icld,

Finally, I would with 4o thank ry wife, who looked after no vory well
throughout oy stvdtes.

- ot rp—
- -

w.. ;'lJ- -_.H.;;HI'—FF“ -—'—i:-' —

i

1
1'

)
i
)

h
g

i
t
|
1
|
.

'i




de

ACTICVLEDGEITNTS
CHAPTLIR! I, GEIERAL INTECTTCTION,
CIAPIER 11, MATERYALS AYD MCETHODS s

CHAPTER III,

g, laintenance of mmaila.
be
Ce

d.

f. Cerceninge of ocnalls,
g Estination of Cexrcariae,.

Infection of laboratory snimale.

§. FEotimation of dogree of activity and
rato of movenent of miracidia,

Jo« Statistical enalysis of ropults,
TIXMPERATURLS

Introduction,

Experiments and resulis,

a. The offect of different tmpmtu:en on the

curvivel and degree of activity of £, wansonl
and £, haomatobium mivacidia,

b Tho offcot of different temperatures and
incroasing age on the rate of movement of
Ss pengond and §, haematoblum mirecidia,

¢ Tho effoct of different tmhn-m on the
penotration of feirferi md B

by the nmiracidia o mi
u: !mtob ium mirecidia reﬂpentively

Tho mnueme of m on the pemetmtinn of
and § matobium nirccidia reepect
maintained at aguarium temperaturo 23 - 25°¢,
Conclusiongs,

d.

24
25

&

39

43




LIGHTs
Mmtroduction.

Dxperiments and results.

8. The hoxizontal movenont of miracidia in
vrogponse to light of differont intonmsitico,

b, Tho veriical distribution of mirecidis

demonstrating thelr phototactioc and geotactic 62
TETPONI Qe

c. The effoct of 1izht end chade (daximens)

on the ccanning capacity of 8 and
5: hacoatoblon mivaoldte, T

Conclusiong.

DUPTH COF VATER:
Introduction,

-~ an - ; -
wui--raﬂnl-ﬁhﬂ-h-m-h—h—n—h:—-“#_" - -

712
a, Miracidia reloased at tho surface of a
colurm of wator, 5
b. Mirccidia released in the middle of & 5 |
ocolum of vatex,
Conclusions, 8
HYDROSTATIC PRESSURRS

Ixperinmemts end reculte,

Appsratus unod,

& Tho influence of hydrostatic pressure on 8
niracidia and mail together.

b« The influence of hydrostatic pressure ou

mm glone, M
Conclusions.
CIIAPTER VII, BOST-PARASITE DISPEROION:
Introcuction, 9 3
Experiments and resultis, 96

2s The offect of host-parasite dlepersion in
insreaning volumes of water on the o

canning
capacily of f. menconi and 8, hasmatoblum
nlracidia,




CHAPTYR VII,

CHAPTER IX.

CEAPTER V1II,

I0ST-PARASITE DISPINSION (continued)s
b, %ho effoct of host-parasite dispersicn in

inercasing lincar horizontal distance on the
seamming copacity of 8 and
E’:. . harmatobivnm miracidia,

Conclunicns.

BATE OF FLOVW OF VATER AND TUSDULLLCE:
Introduction,

Txperinents and results,

8, B pfoifferi and B, (P.) glodbosu moead to
o 108N. and‘%. Nemaodiu ¥

respuc%vely in water ; ovingatvmmg
volocitien.

b, Exposmro of eiff
miracidia in

o £
ent end o

Conclusions,
ULTREA-VIOLET RADIATION?
Introduction.
Cxperinemtis and results,

B

Tho effect of soler ultre~violet radiation
on the eurvival and degree of activity of

9. _haomatobiun niracidia.

b Thoe offect of artificinl ultra-viclet
rediation on the survival and rato of

mpvencnt of §, mansoni and £, hasmatobivm
nizecidiae.

c. The effect of sublethel dosages of ultra~
violet radiation on the infective cepacitly

of £, menmeni and 8, hacmatobium mirscidia.

d. Penctration of ultra~violet radiation into
clean clcar otill water,

8. Tho absorption of ultre~violst radiation
by turbid water using the coffect of

irradiation on the rate of movenont of
nirecidin a8 indicator.

Consluelions,

101

103

i1l

123

132

139

— . - — -
o v




CHAYMR X

CHAPTER XI.
GUMMARY .

BEFERENCES o

LITCTH OF CONTACT TIMS:
Introducticn,

Iexporiments and recsulta,
Tho petotration of B.

Qe

E0enimmtes.
b Tho soloctive capacity of &

S, hacmatoblun miracidia in a
Conclusicng,

GENERAL DISCUSSICH,

foifferl and

ni . éPfl El%m by €, oni and
i, _hoacmatoblum miracidie respectivoly
during oxposure poriods of 15, 30 ond

sni and
gt synten,

143

145

152
157




The schistosomo life-cycle involves the internal emviromments provided

by a vertobrate definitive host and a molluscan intermediato heot, end an

extornal agquatic environmont vhere the free~living larval stages aroe rcleased.
Infection of the definitive and intermedinto hoste tokes placo in thino

comon extomal envirommont.

The adult fomale worms produce egps vhich reach fresh water in tho

urine and facces of infected persons, The frec-svimming mirecidin hatch
fromt the eggs.

Tho mivacidia of human schistocomen are morphologicelly indistinouishable
and fairly simtlar in behaviour, ‘They are typically pyriform or dullot-cheped
ciliatod orgenisms capeble of swimming rapidly in straight lines at about i
2.0 mn/ses at ordinary tetperatures, An astive mivscidium can extend snd
contract the body tut when rclaxed meacures on average 160 u x 64 u, with |

the widest diometor st one-pixth of tho body length from the anterior end.

Tho body is covercd by 21 ciliated cpidormal cells arrcnged in 4 tiexs

(6, B8, 4, 3 antero-posteriorly) and lined by a thin subsopithelium. ‘the
moet anterioxr end, the retractable epicel papilla or texrcbratorium, is
howevaer not ciliated. In tho snterior thixd of the dody is the primitive
gut or apleal glend with two {lask-shapod cophalic penetration glands
1ying one on each side of the gut end each opening antoro-laterslly by &
duct at the basc:of the tercbratorium (Fig., 1) There is & neurzl mass,

or brain, two pairs of flame colls and germinal cells (Gordon, Davy ond

Peaston, 1934; Ottolina, 1957; lengy, 1962; Cmyth, 19663 laldonado,
1967; Kinoti, 1971).

Hiracidis in gencral exhibit behaviour patterns somewhat similar to

those of the mollusoan host (Smyth, 1966), their phototactic and geotactic

reoponses bringing them into the layors of tho environmont where o large
proportion of their mnlluscan hosts live.

In the immediate vicinity of
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S.mansoni = miracidium

phewing nain anatonical features

Terebratorium(covered
with short sharp spines)

——— Anterior papilla(radial)

Cephalic glands

ight and left
(rig ) Nutritive sacs(Prim. Gut)

(Dorso-ventral)

Flame cell

Excretory duct
4 Nerve cells

Cilia

Germ cell masses

Basal structure Posterior papilla(radial)

of cilia
Excretory pore

Flame cell

Germ cell masses

Constructed from Maldonado 1967, Etges (1971-72 personal communication)
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the snail, the miracidis are believed to be atiracted nlong a chemical
gradient set up by substances produced in the normal metsbolism of tho enall,
Faving located the cnail host, the miracidia mey attept to pemotrate the
psoft body of the enail, especially thae headfoot, the base of the tentacles
and the organs in the mantle cavity, or, as is oftem obsexrved, fall
texporarily to attempt penetration, During penectration of the esnnil the
airacidiunm sttachos 1ita torebratorium to the snail tissue and bores by
rotating on ita longitudinal axie with intermittent rapid side to sido
laching motions and ocoasional contractions end extensions of the body
(Lengy, 1962), Vithin gbout thirty minutes penetration is completed.

Come miracidia withdrew thelir terebratorium and cease penetration or try

The miracidia which succesafully penetrate dovelop and mmltiply

asexually in the snall, producing mmerous cercarias, Miracidia vhich
fail to locate susceptible snails utilice thelr energy stores until the
latter are exhaucted and then die,

In endemic arcas the mmail-infested waters are used by thae pooplo for
doneatio and r»ecreationzl purposes, for irrigation of parched sgricultural
laxd and for fiching, Contect with water is frequent and visits may b
prolonged, with exposure to infection and contimination of the water

taling place,

The snail hao genorally been regarded 28 tho most vulnersbla link in
the schistosome life~cycle and, consequently, has been the main focus of
attack in aticpis $o reduce transmission of infection. Accurate movledge
of the scamning end infoctive cepscity of the miracidia wnder the influence
of varlous external factora may, bowever, suggest other means of preventing
infeotion of suail populations end thus controlling trensmission,

The meagre data availedle in the literature on the influmoce of
physical factors on the purvival and infectivity of echistosome miraoidia
are nostly cacual cbservations made during the course of other experimenta;

very fow carefully controlled and reproducidle studies have becn carried out.

new siten,
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Maldonado snd Acosts Mationzo (1949) in sm introduction to studies on the
niracidia of Echistosomg mansoni stated that the literature revealed o
gurprisingly small mmber of sctual observations and proven facts on tha
behavicur of mnhatched and {ree-pwimming miracidia in the external
envirorment, In 1966 Suyth wrote that little was accurately known of
how miracidia found o onail hort end pointed out that the metadolism of
the miracidia has been particulsrly neglected. Wright (1971) remexked
in the dook *Flukes and Snalls% that our knowlodge of airncidinl behoviour
and responses to envirormontal stimmld is in an elementary state and that
most of the rooorded obsaxvationa have been made wndor poorly controlled
conditions. Mo added thats...."niracidis~smail sncounters are the result
of complicated behaviour patterns vhich have been subjected to xrigorous
processes of natural selection.”

Athough Won (1962) made an extensive atudy of the offocts of artormal
fectors such ss temperature, pH, comotic pressure, oxygen, light, grovity,
vater currents and mechanical contact on host location end host penctration
of mirecidin and corcarine respectively, nong of the date has been

published,
Studics of the lomgevity of £, mensoni mirscidia have been reported
Yy seversl workers (Lampe, 1927; Faust end Hoffmen, 1934; Porter, 1939;
Moldonado and Acosta Matienso, 1948; Schreider and Schubdert, 1949;
Ottolina, 19571 Wen, 1962; DPemex and Deschiens, 1963; Chernin, 1968).
The lengevity of S, haematobipm miracidis has boen veported by Lompe (1927)
quoting Christophsreon, Porter (1936) and Wen (1962). In only two studies,
¥oldonado ot al (1949) end Chernin (1968), was the reclationship of soving
and infectivity toated. The effect of temperature cn the pemetyretion of
Blomphalaria spp. by nirvacidia of £, mansoni has been studied by Standen
(1952), Stirewalt (1954), Pewitt (1955), Ven (1962) and Pumall (19668).
The phototactic respomses of miracidia have been studied. Tokohashi,
Yori and Ehigeta (1961) exmmined how the phototactic respanses of £, jeponicum
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vere affected by temporature and light intensity. The came suthors studied
tho relationship betwoen geotaxis end phototaxis, Chemin and Dumaven (1962)
excninod tho vertical distxitution of S, manconl miracidia in xecpohse 1o
1izht and gravity, ond Ven (1962) studied the effccts of intensity and
direction of 1ight on §. pansoni mirecidia. Yo parellel study of tho
vorticel distritution of J, hacmatobium mirscidia has been reported.

Recently VWright, Lavigne and Romald (1971) studied the yooponses of

miracidie of Schistosomatium douthitil to momochromatic Yight (450~650 rm).

4

nillng

The tondency of some mivseidia to travel towards tho botton of
containers posed the question whether depth or hydrostatic prescuro hes
eny effect on mirscidia. Chernin ot al (1962) obacrved thet depth dtd

In 8 study of the behaviour of the miracidia of

atobium, (Wajdl (1972) obsexved a strong positive
geotaxig. DBuat the actunl offect of hydrostatic pressure on miresidis has
not boen investigated.

The abllity of miracidiz to loocate malls contained in vosselc of
different capacity in which tho host and parssite were initially separatod
to difforent @xtents hos boon studied by Chernin and Dunaven {1962).
Cheanin (1968) studiod the effect of interfering with tho host-finding
process and the capacity of the mivecidia of £, mensoni to infoct confinod
target tnails, B. glabrata, & parallel stuly was wdertekon by thiff (1968)
with 8, hacmatobium mirecidis and B

Tho dnfluence of the rate of flow of water on the capacity of 8, mansonl
miracidie to infoct

A pinilex awquwmmmW roported by
thiff (1969). Upatham (1971-1972, personsl cosxanication) elso investigated
the influence of diffexrent rates of flow of vater on the capacity of

LIS PHYBODE rLODOBUS o
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5. pensoni miracidla to infect B. glabrats.
Yo information is reported in tho literature about thae sffect of

ultra~-violet radistion on tha longevity and Infectivity of schistosomo
alrecidiz, although a fow papers glive accounts of the effccts of this
factor on schintosome carcaxriae and some ciliates,

The preosent study was mndertaken to compare the effects of physlcal
factora which influence the integrity of miracidia of §, mansoni (Sambon,
1907) in B, pfeiffert (Kreugs) from Arucha Chini, Tanseniz, wnd of
S, heematobivm (Bilhare, 1852; Voinlend, 1§58) in B, (P,) globogys
(Morelet) from Ibedan, Tigeris.

Tho following physical factors were studied: temporature; light:
cravity; hydrostatic presoure; sepatial dispersion of snails and miracidiag
rate of flow of wvater and turtulence; wltra~viclot radiation ond length
of contact tima,

In investigating the influence of physical factors on tho curvivel
ond infectivity of schistosome miracidin, certain points have been

congidered, there 8 factor such as temperature and ultra-violet
radintion affects tho motabelic vate of the niracidia, tho doproe of
ectivity (or rato of movament) is dlreotly affected and consequontly the
longevity of the miracidia in the enviroments. It mey do adled that
boyond o Uinmited range of tolarance the motabolism of miracidia in dicrmupted,
reculting in Injury. Light end gravity, on the other hand, stimalato
& *syctem” in the miracidia vhich then responds in a perticular namncr,
resulting in o movenent towards or awsy from the source of ntimnlug - o
positive or a negative taxis wespectively. The influenco of gpatisl
dicpersion in still water, and of yato of flov of water and turdulence
on tho ncamming capacity of echistoscme miracidia, is not dircotly
choervable.

Tho infecilivity of miracidia during or after tho application of the

tbowo mentioned fastors hes been investigeteds The critcrin used wore




195

the infectlon rates produced among surviving exposed enails., Changes in
the degree of activity produced by differcnt temperatures end different
intencitics of ulira~violet radiption have been compiled and thene have
been related to the infectivity of tha miracidia.

In oxder to esteblich tho precise cffect of a particulsy fector
either on alrocidia alone or on both the miracidis and ensil together,
ell other factors were kept constant. As far as possiblo ol replicates
vere conductod under the somo conditions, Particmlar attontion waa paid

o the size and age of suells used, in ordér to ninimize the vorisbility
snong the rmall samples,
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Tho zaterials and nothods generally used in this study ere prescnted
here leaving the deseription of special materials and methods for the

appropriate soctions,

In maintaining aquatic organisms special attention should de given to
the quality of the vater used. In this study top water supplied by the
Colne Valley Water Company (Watford) wes used after being stored in plastic
8ustbins and tudba for a minimm of 10 days at aquarium temperature (23—28"0).
The usual age of vater at nee vas 14§ days, by vhich time all the chlorine
had escaped and excess carbonate had settled out as a vhito soun om tho top.
fuch "dechlorinated water™ has no ocolour, is free from chlorine and axmonia
and has no lepd, sinc oxr coppexr. Dochlorinated water was used in tho

broeding and maintenance of exposed snails in the glass vespels and the

floving-wator syates,
The snails ware maintained in rectengular all-glsss tanks, 30 x19x19 e

and 24 x 17 x 17 om, with a cepacity of 10 1litres and 7 litres respoctively.
The bottom of each tank was covered to & depth of about 1 em with fine
grevel, previously boiled ox sterilised. Ome to three tufts of clemn
aquatic plant were cabedded in the gravel and the tank £illod with
dechlorinatod wmter. The tanks were kept on shelves in oci.atant taperature

aquarie with the tamperature regulated detween 22 and 26°c. The tanks
vere {11uainated by waxm-wvhite fluoresoent tubes (fitted 30-35 cm (12-14")

above each sholf) for twelve hours por day (9 am ~ § mm) controlled Yy

mtomatic timo svitches,
Aeration was by "Hy-Flo® pumps shich ocupplied air through a serics of

connecting tubes ending in alrstones in each tank.
Tor breeding 10 40 15 and 8 $0 12 adult enalls were put into 10 and
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7 litre tenks yespoctively. bEnails wvere fed on oven-dried letfuce supplied
in generous guantitiecs three timos & week. Usually algee grow om the
valls of the tank and youmg snails fed on these mntil they were capable of
cating the lettuce. Adult mnails, also, browned frequently on the algae.
then snails reached the size and sge adequate for infection they wexo
tranaferred into fioch tanks set wp va desorided above. Yhen breeding
tanks Decane dirty the mmails were transferred into fresh tanke, togother
vith any plant leaves supporting egg massas,

nfected snails wera maintained in the sawmo way as drecding onds,
except that larger mmders of mails were put into the taxkes Apart from
the 10 snd 7 litre tenke vhich held 20 to %5 and 12 to 22 mnails, omollex
tanks of two different pizes were uwsed, 4 litres (19 x 14 x 14 on) holding
8 to 12 sneilm, and 2 litres (19 x 14 x 9 ca) vhich hold up to 10 emails.
Tanks bolding infected snails 418 not become sufficiently dirty to
neod cleaning during the 8-9 wesk period during vhich they wero kept, taut
fresh dechlorinated vater was sdded vhenover needed.

b, Perssites
Two spoecies of schistosonos wore studieds

An Best African strain of §, pensonl froem Arusha Chini, Tansanin, was
obtained for these experiments from Dr. Foater, Pfizer Drug Corpony, Sandwich,
The parasite wea maintained in & vervet monkey (Cexcor

from which fesces wore token and the pareasits cyoled throush B. pfelffert

into Taylor's Original (7.0.) white mice snd golden hamstoers (Mosooricetus
szratus),

£ bhacoatoblum was imported from Ibadan (Nigeria) in ficld-infocted

B, beematobium miracidia used for this study weve hatched from oggs
which had boen wached either fxom the urine or faeces of infeoted daboons
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or from the livers of hansters with a T-10 woek old infoction.
8. mansoni miraoidis were hatched from eggs washod {rom the facces
of the vervet morkey or froam the livers of T.0. mice and golden hansters

vith 6~9 and 7-10 week old Iinfections respectively.

¢. Preparation of Tags
Yeooes were cmloifiod in noxmal phyeiocloglcel saline (0,853) and

pround through Yo. 30 (500u) and No. 60 (250m) sieves and washed with more
saline into & 700 nl urine glass., This suspension was allowed to soedinent
for 20 mimtes, The. supernatant fluid was decanted, fresh saline was
added and allowed to sedimant for a further 20 mimates. The washing
procoss woa repeated two or three times wmtil the gupornatant £luid was
clear, using very cold distilled water (4~6°C) for the £inal wash.
Infected livers wore moscerated and ground through FNo. 60 meeh end
woshed in the ceme wey ¢8 the faecese Urine samples collectiad ovor o
24-hour period were sioved through Fo. 60 mech and wached as the foocea.

Qe

Batehinz of Tepo

The concentratod suspension of egge was transferroed into standaxd
9 om potri dishes and d4sti1led water st ebout 20°C was used to vach the
urine glass into the diches. Iatching ooourred in the petrl dishes vhich
vere placed in an incubator at 27-30°C undor a bright light for thirty
ninutes to an hour, HMiracidia vhich had coerged at the end of this period
were picked up individually using & £fine glass pipetin, counted under o
dingecting microscope and used as the experinemt denmanded.

Qs (28] O in

‘nalls were infectod olther individually or i mesgo depending upon
the phymical factor boing inveatigated. In these experiments 10 miracidia
per snall wero uzed except in the flowing-water syatem in shich each snail




Individua) infootions were porformed in 3 x ) dnch {7.5 x 2.5 )
tubes containing 5 ol dechlorinated water at 25-20°0 and 10 miracidin.
In pesse infectiona for controls and other investigatiomns were coarricd
cqut in 9 cn (ctardard) petri dishes with 40 ml dechlorinated weter ond
active miracidia in the retio of 10 miracidia per suail.

Coro waa taken in the breeding of malls to achiove maxim uniformmity
in ordex that mails of lncun age and size, and without stuntod growth,
could be used for the infections. Tho age at infeoticn of B, pfolffcrd
vao S-7 wecks and tho sige 3.5-7.0 mm naximm dismeter, whilo 3, (P,) plobosug
wero u3od &t 0~8 wvocks 0ld vhen the naximm heizght of tholl was $.5-7.7 om.

ft ﬂ ¥ 1

Four weclkn aftor exposure the smells woere scroencd for corcarisl
ancrpencaes Fach enafl was placed in & 3 x 1 inch tubo contalning 10 1
diotilled wator. Tho tubon vero thon put in a rack which was placed about
10 enn (4 inchos) fron a white-licht fluorcscont lemp, snd the tamporcoture
wao kept betwecn 24 and 27°C.  Those B, pfeiffexi which were positivo
shed obout 5075 of tho day'o total cercerial output within the first two
hours (9,00 om ~ 11,00 an) and over 90} dy 2,00 pm {after 5 hours chedding),
Corcarial chedding of B, (P,) plobosus rises to a peal botweon 2,00 pa and
3.00 pa with only o fov corearice amerging after tho pecks. Soroening was

started at 9.00 en2 end temminated at about 4.% pw, by whioch timo gt
positive cnoils had shed corcerice.

A rocord vas kopt of tho mmbdor
positive out of tho total curviving end then the smails wors roturned to

their torks for cercening tho following weck. On tho thisd ved: of
ccrecning eny B, pfoeiffod that were:still nogative were doclored uninfectod
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and discerded., A fourth week was alloved for ¥

ppeciced had a longer prepatent periods Thoe infection wates ware ccordod
in the exporiments ast

otal number of mnails positive
3 C W, NMLROOr maallec gurvivine 't.w _.

Hoavy mortolitiens occirred among B, {P,) plobosus, with only 407 of cxpancd
enallo survivicg to poltcwey in coms cases.,  Tortalitico emong B. pfeifford,
however, wWore very low.

<« Y00

g. 'l‘ ,#.ﬂ "4 '.'.Ei . G ncarias

Tho cuspension of coerearino ched by eoch ernall wag £1ltexrad onto lio. 1
thatmen 7 cn (diemoter) poper wsing the ainhydrin tockmicue. Tho paper wad
placed in a Buchmer funnal end the suspencion poured oato it adding tho

vashings of the tubo, dbout 5-7 drope of 1% ninhydrin vere put ento the
cercarino which were retained on the poper. Tho poper was dricd en o

hot-plate and the cercariac, which otain purple, wero counted wnder o

dissecting micrescope (1xClellend, 19613 Vcbbo amd Jamea, 1569).  Tho
papoxs rotaln their choarnctexistics for cevernl months vhon kept in dry
dexic cupbocxds tnd, therefora, coxearise thus prepared provido o porconent
rocexd of the rumbers produced by the mmails.

h,

70 provide o Inrge and constant cupply of miracidis male hensters
(1%, suratus) and 7.0, whito nico were infoctod with corcarias by tho paddling

uothods O, Dansoni was medntained in both hanoters end mice, whilo

. hacmatoblim was maintsined only in hansters.

Carcarics wore ocbtained by placing infected snails, Imown to have chod
corcexles for ab least o wock, into a besker of warm diptilied wator, 26°0

(50 ml for B, pfoiffort and 25 ml for B, (P,) plobosus)e Tho emailc yere
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the suspension waa satimatod from the mumber contained in three separnte
0.5 nl aliguot canmles vhich were taken with an eutomatic pipette and
placed in disereta pools oo @ pquarsd glass plates & fowr drops of Iugolls

$odino vere odded to each pool to ki1l end stain tho cercarits and rondaer
then cuitable for counting.

Mice and hamotora wero placed in plass cylinlers containing var
vater bathing tham to half-vay up tho abdomon and left for about 30 mixutes

in oxdexr to stimlateo axcrotion. Tach animel wvan then tramsferroed into
a jar of warm diotillod water (24—26°0) with & guspensim of corcarins ond
exposed for chout an howr., Mice and hamasters were cxpoced to 200-220 and

200 crcsrino, respactively. The animals wers cogod end uced betueom the
6th ond 10th week after cxpooure.

b N Eotination of

- SR Gy WE Gw W w

ce of Activity an? Rate of Movement of Mivacidia
In studying the Influcnee of phyuniocal Sectors on the misracidin of

S, pangond and 8. haematobiwn 4t becsma necessary ta assess the direct
offect of o factor on the miracidia and then to eatimate their infective

capscity in terms of the infeotion rates produced in suscoptible cuails
to which thoy wero exposed. It was observed that under nommal laboratory
conditions (22-23°C) tho rate of rectilinesy movement io divectly
proportional to the degree of activity, which in turn depends upon tho

age of the miracidia. Miracidia were therefore pleoced in threo caterories
of activity - WMACTIVE®, *SLOWY and “IDTHANCIC®, Nevly coerged mirocidin
vero activo, and an they sged they dbecane “plow® and then Metharcic
before they died. Many vecords of the rato of movement corrosponding

W the degreo of nctivity woere cocmplled and o tadle construsted from thom.
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TABLE I shows the degrec of activity and the corresponding rate gf novenient
of schistogome miracidia under noxmal temperature (22-28°C)

Mean DRates of lovenent Iumber of

Symbol zm/eec, = €D trialo
> 2,06 = 0,22 20
1.60 £ 0,31 20
2.04 = 0,27 25
nELOW® -+ 0.94 * 0,19 19
0.92 £ 0.19 16
+ 0.43 = 0.10 20
0.24 = 0,12 10

To obtain estimates of tho rate of movement of niracidia 40-60 necvly
emerged miracidie wore pipetted into several 5 cm petri dishes containing
10 ») of dechlorinated water. ¥our oxr five dishes thus prepared were
placed in an incubator of temperature 27-30"0. and at periodic intervals
the degree of ectivity and the rate of movemant of the miracidia wero
recordeds Tho degree of ectivity was estimated by inspection under a
dissecting nicroscope, tut the rate of movement wee calculated by timing
piracidis over known diotences, ucsing & stop watche A nmicroscope olide
3 x 1% inches (7.5 = 3.8 cn) maried into 0.5 cnm cquares was placed on
the ctege of a dinscecting nmicroacope end the dich of miracidia was pleced

on 1t. The miracidia vzre tined en they traversed 0uScuorl cm in
gtraight lineo.

11. Statistical

o WP o B W W a9 v

10_of Regults

Compericons of tho influence of diffcrent phyeical factors on tho
survival and behaviour of mirecidia and on *he infection rates produced
in cusceptidlo snalls were carried out using the Studentls t-test and the
Yormal Deviatc, the former test being used vhen small mmbers were imvolved.

Infection rates produced in the smails have been compared oither within
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gpecien to determine tho effect of different levels of a phyaical faotor
or betveem cpocies o massens the influonce of a particulor lovel of
physical factox,

Differences wore considered asignificent vhen tho P valus veo leon

than or equal to 0,05 (P < 0,05) and highly cimificant vhen less thon
0,01 (P'( 0‘01)¢

An Olivetil Computer machine was usod o give Studentls t-valuco,
vhichwwore then read from eithor tho Gtatistical Tables for Students 1969
compiled by JeSe Fowlie [Oliver and Boyd, london) or Dacumenta Geigy,
seicntific Tables, Tth Edition (1570), cdited by K. Dica and C. Leniner,
publiched by JoR. Goley S.A., Bacle, Switzerlend., ‘hen the machino vas
not avallable tho appropriate forrmlso in Statistical llothods in Biology
(1959) by ¥.7.J. Balley cnd Statistical Methods in Medical Deseaxch (1971)
by P. Armitoge vwere used to colculate the Normal Deovicte and t-valuces.
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E{:mﬁuct:lon

the curvival and infectivity of schistosome miracidia axro mariedly
1nfluenced by tamperaturo (Do Witt, 1955; Ven, 1962; Purnell, 1966;
coyth, 1966).

Fenst ond Melency (1924) observed that S, jsponicum mivacidie lived

for 60-72 hours ard Faunt later in tho seme yoar reported a longevily of

24~%0 hours in t2p water for the ceme parasito. Tho longovity of

n. manconi mivacidia i the most studled. Latpe (1927) longevity of lesa

then 40 hours at 33°C; Faust and Doffman (1934) mirscidia unconfined Yy

dchris 1ived for lcos than 24 hours; Porter (1938) longevity of 20 hours;
1aldonado and Acoste~tisticnzo (1943) miracidia curvived for less then
9 hours; Schroiber end Cchubert (1949) curvival wes lecs than 22 hour
in opring wator ot 24-26°C; Ottolira (1957) recorded longevity of

(-0 hours. At the maintenancoe tomperature of 25-27°C Chernin (1908)

observed £, momsoni pivacidis to curvive 12 hours. The longevity of

f. haenatobitm miracidis hoo boen reported by Porter (1930) to be 8-10
hours ot cbout 30°C end lecs then 6 hours at 10-15°C.

In three studics the curviva) of achistoscme mirocidin vas obscrvod
over & vide rangoe of toperatures. Yen (1962) investigated the effect of
Aifferent tomporstures ranging from 14—4100 ot tho survival of S, pancont
end S heematobivm nirscidia. He found that niracilia of both epecics
curvived for 9-12 hours at 21-26°C and for 26~30 hours at 14°C,

Ponoz and Deschicns {1963) studied the effect of temparatures ranging
from -257C to +45°C on tho longevity end vitality of §, pansont miracidia
and found that the miracidia survived for 24 hours at 4°C, 9 and 7 hours

at 20°C and 25°¢ reopectively, end only 1% hours at %0°C.

Purmell (1966q)
duvestigated tho efiect of tcoperatures ranging from 12 to 53°c et 5°

intervals on 8, mancond mizacidls over a period of 2 and 6 hourse o
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found thet mortalitics weve lov at sll temperatures at the end of the second
hour, Dut s11 mirecidia at 35°C were dced at the end of the sixth hour.

The infoctivity of mirscidia in relation to their age has been siudied
Yy few suthors. laldonado et 81 (1948) studied the infoctivily to

3. plebrata of §, mensont miracidis right from hatching and ab hourly
{ntervals o the eighth hour. Chernin (1968) investigated the infeotivity

of §, menseni miracidia of increesing age to B, glebrata at 25-27 Cs
Upathen (1971-72 peroonal comsunication) odserved the infectivity of
£, mensoni mirecidis from §t. Iuola from the first to the tenth hour ad
room temporaturo 25-30°C.

resperaturo hes profound influence on the penstration of miracidia
{nto snail hosto. DeWitt (1955) studied the irnflusnco of toperaturc
ranging {rom 10-40°C on the penetration of four sirains of B. globrata
ty £._mengoni (Puerto Ricon strain) miracidia. Wen (1962) studied the

penctration of B. sudsnica sudanica by 5, mensoni miracidia at tcoperatures
ranging fron 0-46°C, Purnell (19665) studied the effect of tcmperatures

venging from 9-39°C at 3° intervals on the infection of B, sudenica
tancanyloeneis by £. pansond mirecidie. The results of the three mmihors
agreo in that adbove 109 infectivity incroased with incrcese in expocure
tesperature,

4y 44,0 {4 :..‘.11 ikg.u n - ]_t

Tho influence of tarporature on tho survival and infectivity of
S, _ponsond and $, hoenmatobiunm miracidis ves investigated in two ways.
(1) Survivel ctudies: the mortalitiecs emd the degree of activity of the

niracidis wnder difforent ranges of tamperature were observed under the

diosecting nicroscope and henoe the effects of temperature were diroctly
sscoased, '

(11) Infectivity studicss gusceptible snails wers oxposed aither to
airacidia of increacing aze maintained at squarium temperaturo (2 3-28°c)
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or to young miracidia at different temperatures, The infectivity wo
acoesticd by tho proportion of surviving snails that shed corcarise ot

patency.

hoe Offect of different tomeratures on the survivael and “""3" o0

of activity of &, manconi and 8. haomatobium mirscidia

Be

Tho survival of mirecidic was gtudied at tho following ranges of
temperature using the equipment listeds

5-10° (7°C) In a refrigerator.

18 - 22°% (20.5°C) On the beneh,

25 - 30°¢ (27°€) In en incubator (slse used for hatching of coos)e

55 - 33°C (37°C) In an incubator (normal body tempersturo)s

42 - 45%¢ (43°€) In e water bath,

Ono hacnegglutination troy wes allocated for coch ronge of teoperature
end one parallel row of 10 covitice wes chosen for cach cpecics of parasito
(rig. 2). 2-5 cctive niracidia about one hour ¢ld were pipetted into
cach cavity end 1 nl of dechlorinatod water was odded. 4 tray thus
prepexed wos placed in the cppropricic apperatus end miracidio wero
perlodically exenined for mortelitico ond dogreo of ectivity. Tho
cevitics were elweys exoaminced in tho seme order so thet rocomds for coach

cavity wers mainteincd oveor tho vhole puriod of czemination. Miracidin
were exomined at lcest 4 o 5 tines éurdng the total period of 12-15 hours,
The fow obscrvations made on miracidia ot 43°C were at 30 mimube intorvels,
Tebles 2 - 5 end Fige. 3 ond 4 show tho curvival and degree of
activity of 8, pansoni mivecidis, There was & progrecsive decline n
curvival with incressing oge ot &1l temperatures. A1l niiracidia in the
temperatures studied curvived the first 3 hours, but in the 3-6 hour
pericd survival ranged from 90.9% at 18-22°C to 61.7% at 35-30°%C, In
tho 6-9 hour period only 8.45 of miracidis in 35-33°C range wexe alive,
vhile 447 of those at 5-10°C end over 70% of thooo at 10-22°C and 25-30°C
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TABLE 2

longevity exd depree of activity of 8, manaond
pirecidia at S - m°c,

Lonpevity of rirocidlia

0=3hrs. 3-6hre. 6-9kw,  9-12hre.
o 17 17 - -
o 23 21 - -
4 21 - 11 o
E 18 9 3
% Alive 100 67.5 4444 3343
4344 100 319 353 845
L 0 43#3 4#4 GOB

+ O 6.2 607 16.7
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miracidia at 25 - 9_@_°c,
Jongevity of miracidis
0-2hro, 3-6hrs, 6-9hro, 912 hrs, 12 =15 hrg,
b 48 40 -
© - 22
d 35 33 26 16
© 21 17 -
£ 20 17 15
23 15 8
% Alive 100 87,5 72,0
M 100 81,0 93 0
+ O 1.0 41.4 14.2
+ 0 47 213 20,0 4.5

longevity and degree of activity of S, mansoni

T gl - e - T - el .
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TABLE

longevity and degree of sctivity of S, mansoni
w}.ga at }5 - ﬁog:

38 9
¢l Alive 100 617 8.4
Dograe of Activity
in %6
o 9241 43.0 0
+ 0 Te5 4.7

* 0.9 11,2 5,7
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S. haematobium S.mansonti
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0-3 3-6 69 9-12 0-3 3-6 6-9 9-12 12-1
AGE IN HOURS

% SURVIVAL OF MIRACIDIA

S.haematobium S.mansonti
Iz 3. The curvivol and degree of activity of S bacmatobivn and

S _pansond nirasidia at different temperatures.
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gurvived,

211 nivacidis in tho highest temperature wore dead Yy tho
0-12 hour poriod, whilc oo much a3 05.4, 44.2 and 1% %0 of thoso at

18-229¢, 25-30°C and 5-30°C respoctively were alive. Scmo of tho

niracidis in tho modorato temperatures murvived beyond 12 hours,

The degroo of eotivity declined with increacing agce 211 mirocidia
wore “active during tho firot 3 hours pt a1l the tcoperatures, but in
the 3-6 hou poriod the proportion of Mactive™ ones dxopped from shout
80ct at 168~22°¢ and 25-30°C o 34.1% end 9.3 xespectivoly. Vith incrcosing
cco more mirecidia becoms "slow® and later “lothergic® watil the 9-12 hour
period when almect €1l tho curviving miracidia woro *letharglc®,
Tablos 69 and Figs. 5 ood 4 chow that o very cimllar curvivel pattern
occurs with £. haemstobiun miracidis as doss with §, mensond niracidis,
111 niracidia in tho different temporatures curvived the first 3 hour
period.  Botween T7-958 of miracidia survived in the %-5 hour porica ot
all temporatures excepl at 35.28°C vhers only 6095 ourvived. Duxvival
deolined with ege 2t 211 tomperatures but the drop was steepor ot higher

tcoperatures, Vhile over 5002 of the mirecidia survived tho 6-9 heur pexiod

1n temporniuren balow 20°C, only 3.%f of miracidia in 35-38°C were slive in

this poriods In tho 9-12 hour period 21.%¢ of miracidia in 25-30“0 curvived
whilo 5T and 400 survived at 5-10°C and 18-22°C respoctively.

The degree of petivity aloo doclined with age in 211 ¢coperatures.
Myracidin in 811 tooporatures wore astive in the first oo hours but
progressively olowed down with ego.  While 41-87%5 of the mixecidic vereo
active in tho %06 hour period in all temporatures, there were omly 1-144

active miracidia in the 6-9 hour pexriod mtmwreaumlwwoc end no
active onea at 3%-30°%,

Thore was an increosc in the propostion of oclow
nirecidia front 9.1«14.20) 4n the 3-6 howr perlod to 17.7-46.6)% in the
6~9 hour period st temperatures under %0°C,

The preportion of lotharzio
nirpeldls was very high enong surviving miracidia during the 9-12 houx
period; this ranced fron 20,0 ot 25-20°C to §5.3 at 5-10°C.



TABLE 6

Iongovity and dogree of activity of G, Jhacomatobius
piracidia pt § - 10%C,

Y . 1dia

3 = 6 hra, 6 ~ 9 hrs,

a o3 X 44 43

¢ 25 23 - -

e 24 17 - o

£ 23 - 13 -

g 13 10 D
76.9 57.8 5645

45 0
+ 0
+ 0

2243

®* Dach indicatos that no observation vas nade.



Longevity and degree of a.ctiv rof 8

TARLE ]

pivacidia et 18 - 22°C,

19

37

94.5

82,9
9.1
2.4

Te9
17.7
29.3

9.2
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Iengevity snd degres of activity of 8. hacoatoblin
mirncidin et 25 - Eoc.

=noriment 1 f : of nirseidin
0 - 3 hro, %3 - 6 hrg, 6 - 9 hro, 9 -~ 12 hrs,

& £2 20 <5 8
b 55 54 29 -
c 40 40 - 11
a 35 Y 26 16
o <0 19 16 -
'y 25 1 3
g 25 19 Y 0
¢} Alive 945 05«1 213
4+ 100 Tl 0
++ O 10.7 0.5
+ 0 6:7 0.8




Longevity and dogree of activity of S

ZABLE D

23

a7

din at 35 - 38°¢

10.4
8.8

38

0
6
0
0
0

del
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rate of nmoverient of S, manconi and S. haoumatobium niracidia
Freshly hatched miracidis in batches of 40-60 were pipetted into 5 em
potel dishes containing 10 ml of dechlorinated water. Two or threoe diches
of miroacidia wers placed in different tomperatures. At opeocific intervals

the niracidia wore timed over known diotances as already deeoribed under

Yatorials ond Mothods., tho rates of movement of the miracidie were

calculated for the difforent temperature rangec end increasing age. The
reculis are sot out in Tables 10 and 1l.

Tho rates of rectilirnany novenent of 8. nansont gnd © s _hacmatobiun

miracidia at difforent tcoperatures and inercasing cge were caleuletod and
got out in Tadbles 10 and 11,

Many realings were takem ot temmeraturcs of
18-22°¢ and 23-30%C as thoso 1de within the nomal ronge of temperatures
cncoumtored in the f£icla.

Lcadings were alpo taoken at lower and higher
temperatures to provide scomo cemparieon. Figure § chows the moan ond rango

of tho rats of movenent ef S, mansoni and S, haematobium filracidis of
increasing age at 16-22°¢ and 2}-%"0.

5. manooni mivacidias (Tsble 10 and Fig. S).
“he rale of movement of S, manconi mivacidia inoxcased with riso of
tazperatures At tho ago of 0-2 hours the rate of movement at a temporaturo
of 5-10°C vas 0.50 m/sec (range 0.76-0.22 m/rec), while at the cems ege
but at a temperature of 35-30°C the rato of movement was 2.52 m/scc (range
2.80-2,22 /oo, At the higher terperature of 35-30°C the moan rato of
tovemant doolined from 2.52 mn/oec during the first two hours of 1ife to
1.19 mi/scc in ths 4-6 hour peried, tho rate of movement being almost halvea
in the intcrvening 4 hiours, Tho docline in roto of movement at this high
tempsrature was charp and in tho 4-6 hour pericd there were ective, slow and
lethargic miracidis, with 2 greater proportion of them teing olow.

Lt tcuporatures of 18-22°C and 23-30°C ths declino of tho mesn vate of
Rovenent wes gradusl and fll miracidia were active in tho 6-3 hour pexriod
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Tho rate of movement of S. mansoni mirasidia at different

: - W R £ A I G §1 il T A
ool e, di, ol e
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slinguuign+ #

Moan yate of movenent mm/sec

williggr

Age in

. Y I "‘; -

Doure. 5 -~ 10°C 12 - 17°¢ 18 - 22%

0 -2 0.50

1.05 1.86 247 2e5H2

0.768-0:22  1.270.93  2.35-1.46  2,92-2,06 2,802,522
(17) (20) (79) (92) (17)
e - 4 1&31 2047 2&04
2,15-1045  2.91=2.17  2,40-1.06
(55) (51) (20)
4-6 1,01 2,18 1.19
1.30-0,80 1.86-1.41 2.65-1.41 1.91-0.47
(25) (20) (73) (20)
6 -8 1.54 1.09
1:.95-1:%9 2¢52-1,%9
(31) (48)
18 -~ 20 0.56
0.71=0.45
(8)
20 - 22 0e33

0,50-0.25
(9)




TABLE 11

The rate of movement of S. hacmatob niracidia at different
mmturas and_increasing agoe

Agoe in loan rate of movenent ma/sec and ranse (no, of readinse
hours o o o o
§-100 IB-ggC 2:}-20 2E"EQ
0 - 2 0056 1!63 1.96
0,49-0.23 1.90-1.54 2.18-1.01
(12) (32) (28)
2~ 4 14.60 11:94
1.,84~1.%0 2.15+-1,65
(25) (31)
4 - 6 1043
1.88-1,16 1.79-1.1%
(20)
6 -8 1,12
1.33-1.01 1,680-1,12
(18) (47)

20 - 22

41
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Pig. 8. Tho rato of movenant of 8, monsoni and £, hacomatobiun miracidic i
at difforent temperaturcs and with increasing age. ]

3.0

2.5

2.0

, 23-30°C

1.0

S.mansoni

0.9

RATE OF MOVEMENT mm/sec.

2.0 o

1.5
0 23-300C

0.5 S.haematobium

18-22°

| 0-2 2-4 4-6 6-8 18-20 20-22
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(range 1+95-1.39 mn/sec and 2,52-1.39 mm/aec for 18-22°C and 23-30°C
respectively).  Although mivacidia at temperatures of 23-30°C woro by
celenlation more cotive then those at 19-22°C, this was vot casily noticeable

by inepecticn. £, manceni miracidia survived for 20-22 hours at a temperature

of 18-22°¢ tut at this gge they wvere very lethargic and moved at & noan rate
of 0.33 m/cec within tho renge 0,50-0.25 mn/sce.

S, haematobium miracidia: (Teble 11 ond Rig. S).

Rocoxds wero kept for tomeratures 18-22°C srd 23-20°C, end & sct of
reedings cach for 5-10°C ond 35-38°C,
A rico in taoperature resulicd in increased rateo of movenomt. In the
first twe hours niracidia ot & teperaturs of 5-10°9C moved 1otharsically &t o

mean rato of 0.36 ma/coe (ronge 0.49-0.23 mn/ceo), vhile ot temporatures
18-22¢ end 23-30% miracidia were active end moved at tho mesn yrateo of 1.63

and 1,98 my/sec recpectivoly.

Tho meam rates of movemont declined with ogo, tho decline being more
gratual at 18-22°C than ot 23-30%C,  Some 8, hacmotobivm miracidis st &
tecperaturo of 10-22°C curvived for £0-22 hours and moved lethargically at
a nean rato of 0.39 m/aee within tho range of 0,50-0.20 m/soc,

Tho cnly cot of rsadings 4aken for 25-30°C chowed that the mivacidia at
the 2-4 hour oo wero all activo.

c. Tha cffcct of differont temperatures on the penctration of ¥

L

i ffori and
B, (P wibou o by tho miracidia of S.mansoni and 8.haematobiwm reopeotivels

In this mestig:-.ti%ntmna wero cxposed to miracidia el the following
10-15C.

tomporaturess  5-10°¢,,18-22°¢, 23-20°C end 35-2c%. 4 "Int Doxv, Pig, 6,

provided the thxee lower tamerature ranges and two incobators provided the
23—28"0 and the '55-3‘3% TANTCR e

The "IbF Doz consists of o wvooden frame
in which wore fittod oluminiuwa cabinets. In use tho tep thelf wvas £i1led

with 2 loxgo tfumtity of 1co blocks end, es tho aluninium wallp quickly

ccnducted tho beat downwards, a temporaturs gradicat wes produced with the

.i
!
h
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Cabinet 1 comtaining blocks of ice.
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lowest tomperature at tho top and moderate tamperaturea towards tho bottem.
Although the bottom shelf had 25 watt Dulbs fitted in it, originally intended
to heat tho cebinets frem below, thin was used only once becauss 1t wvas

very diffionlt to keep the rcquired temperatures at the top for o consideradle
peried of time,

In initial experiments snalls vere exposed individually, btut laotor
en magse exposures were carried out. ‘then snails were oxpoced individuelly
cach vas placed in a 3 x 1 inchk (7.5 x 2.5 cn) tude containing 5 ml of
dochlorinated water within the pertioular temperature range, togetheor with
10 active miracidia about one hour ¢ld. Tho tubes were pleced in
crystallizing dishes also conteining water at the required temperaturec,

In op mapse cxposures 4-3 emalle were introduced into g 9 o petri Qich or
crystallizing dich containing 40 nl of dechlorinated water at the eppropriate
temperature togother with ective miracidia in the xatio of 10/mmail. %he
tamperature of the water in each cabinet was checked at hourly intexvals
within the 3-6 hour period of exposurc to keoep 1t within the roquired ronge.
The individual erposures needed constant attention as snails frequently
cravlied out of the infecting chamber,

The cxponed malls were removed and put into agquarium tanks and
maintained as alrecady dasccridbed.

Tables 12 and 13 show the infectioms produced in B, nfeifferd and

B: (P.) globosus exposed at different temperatures to the mirscidia of
Se panconi and 8. haematobium respectively.

By pfoifferi/c, pansonits There were no individual oxposures at 5—10° .
Infoction rate increased wvith rise in toperature: 25,94 at 10-1500

increaning to 60.9% et 35-36°C,  Infectioms at 10-15°C were vary wariable

among the replicates but falrly wiform in the other temporatures. Thore
was no significant differenco betweon infection rates at 18-22°C and 23.30°0

(P> 0,40) tut thers was o highly significant diffevence botwoon infoctiona
at 10-15°C and 10-22°C (P< 0.0001), In en masne exposures no infoctiona




Total:

5..10°C

0/20 (20)
0/18 (20)

0/30

0.0

0.0

TABLE 12

Ths proportion of surviving B.
exposure temperstures, and,

1

!

felfferi that were infocted at the diffcrent i
!

4 6

g, the mmber of snails exposed.

10-15°¢ 18-22°¢ 23.30°C 35-38°C . ;;
2/11 (12) 6/10 (10) 13/A5 (15)
1/12 (12) 12/13 (15) 24/271 (20)
112 (12)  9/9 (10) =21/24 (24)
113 (15) 311 (12)  6/a5 (15)
4/10 (10)  9/10 (10) 21/25 (26)
15/53 21/40 13/92 24/27
2509 6705 79#3 88'9
1212 (12)  4/4 (3) 11/12 (12)
20/23 (24) 21/23 (24) 22/22 (24)

10/10 (10) 28/30 (32)

32/35

91.4

25/21

92.6

17.6

43/44

161

85.3

9245

93.0
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TABLEY 1%

The proporiion of surviving B, {(P.) globosus that were infocted ot the ~ s
different exposure tamperaturcs s in ets, the mumber of enalls expoved. i

5-10°C 10-15°C 18-22°¢ 23-30°C ;g
/5 (8) 45 (8) 6/ (10)
1/8 (10) o/s (10) 5/5 (10)
3/1 (10) 2/ (10) s/ (10)
38 (12) 5/ (2)  s8f (12)
ofs5 () 5/ (10)  6A0 (10)

Total ¢ e/53

24/28 39/54

Infection rates

50*0 7202

Fn Mosgo 812 (12) uA2(12) 5/5  (6)
0/9 (10) J /s (10)
0/11 (15) 6/8 (10) 7/3 (10)

5/11 (15)  9/30 (10) 10/15 (15)

Totals 0/20 - 26/30 %0/34

Infection rate: 0.0 56.5 86.7 88,2

Cambined

rate of the 0.0

Tat  of the . 3745 64.1 7844

of exposuro




48

occurred at 5-10°C among the 38 surviving snails, while very high infection
rates occurred at all temperatures abave 10°C, Infection rates ranged
from 91.4% at 10-15°C to 97.7% at 23-30°C,

B, {P.) globosus/S haemetobium: Yo individual exposures were carried

out at 5-10°C end no exposures either individual or en pagpe were carried
out at 35-36°C. In these cxperiments, too, increase in infection rato

corresponded to increase in exposure temperaturs, Infectionn at 10-15°C
and 168-22°C were varisble, wvhile thoss at 23+30°C were fairly uniform,

There wes no significent difference betveen infections at 18¢22°C and
25-50°c (P = 0.05), vhile there was a clear difference between infection
rates st 10-15°C end 18-22°C (24.T% and 50.0% respectively).

In
en masse exposures no infections ocourred among snails exposed mt 5-1o°c.

but & falrly high infection rate of 56.5% occurred at 10-15°c vhile
infection rates of over 8%% occurred at 168-22°C and 23—-30°0.
In general, therafore, individual exposures gavs much lower infection

4 combination of the infections from the
two mothode of exposure gives infection rates that are vaery similar in

tho two specics studied (Figs 7)¢ It is significant that in both speoies
no infecticna occurred among snails exposed at tempsratures below 10°¢,

rates than en masse exporures.

de The influence of ageing on the penetration of B

Sk O2OSUS by 5
tained iun tepperature
dctive miracidia in batches of 50, 60 or less (in the ratio of 10/snail)

were pipetied into 9 cm petrl dishes containing 40 m) of dechlorinated water.
Several guch prepered dishes were placed in the squarium and at specifio

sfelfforl and

nansond m 8. hace tdbl v mimim
O

renY Cti ) 31 Y 5 a't o

times the required mmber of emaile vere dropped into soms of the diches,
It vas customery to inspect the dishes defors putting in tho enails for
eurvival and degrese of zotivity cf the miracidis. Ixporure was over

56 hours, after vhich tho smails were maintained in aquarium tanks as

= e it Loy s st il Tl — s Ak N b A R
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already described,

Fesults: The results of the infections produced in surviving snails exre
chown in Table l4.

B, pfoifferi/f, mensoni: Infection rates renged from 70-1007% emong
cnails exposed to miracidia 1-10 hours o0ld except in ono instance vhere at

8 hours o very low infection rate of 1%.%) waz obtained from 15 surviving

rnails,  Infection rate dropped with increasing age of niracidia and in
one teries covering 10-18 hours infection rates dropped from 73.%5 at

10 hours through 46,75 et 13 hours, 26.T34 at 15 hours to O35 at 18 hours.

At tho moderatoly low toxperaturse 19°C of the laboratory bonch miracidia

renained sctive over 17 hours snd produced an infection rate of ebout 40
in enails.

In socme gupporting cxperinments miracidia maintained at 5—1000 ond
35-39°C for varying perdods of time wers brought to room temperature and

supplied with enails, It was found that high infection rates occurrod
throughout the first 4 hours at 35-38°C (st hour 6/6, 100} 2nd hour
15/15, 100%; 3rd hour 9/12, 75.004 4th hour 12/14, 85.0%). Thoso
nointeined at 5-10°C for § hours produced 45.5% (5/11) and 06.7% (13/15)

in two trials, but at this temperature for 7 hours only 9.17% infecticn
rate occurrod. |

=lobogus

aomatoblums S, haematobjum miracidin 1-0 hours
old produced infection ratos ranging from 680-100:5 in B, (P,) globosus,
The drop in Infection rate with increasing age of mirscidia soemed to have

started at about age 10 hours. The occurrence of infoctionz at 17 hours

is here o dus to the moderately Jus teumerature, 18-20°¢, of the laboratory
bench on which the potri disches were left after 6 hours in the agquarium.

Cnly 6 enalls ware exposed to the mirasidia of this age.

The significance
of this is that miracidie retain their infective capsclity over a mch longer

period at moderately low tamperatures than at very low or high temperatures,
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TABIE 14

The propoertien of surviving snaile infected wvhen B, pfelfford and

B. (P.) elobosus wore recpectively exposed to $. mensoni end £. hacmatobium
nirecidia of incroesing ogo at equarium tempera

Ags of
niracidia

in hourn

1

2

1

10

11
12
13

14
15

16
17

18

19

240¢)

Be gi‘oifgeri (S, mangoni

By (P») rlobosus/s, hucmatobivm
a b c a & b G
(50 %3{1 6) (%3‘)
23/29
(79.3)
ooy @)
8/9
(40)
o s i
a3 %)
4
(1‘23)
1 2
o) AR

2/5
(o0
A
e

# Potri dishes were pluced on laboratory bench of temperature 19°C.
a - @4 » equal batches of mirscidis.
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Conclusions
The curvival and degras of ectivity of 8, mansend gnd §. hacmatoblim

nirecidia ot different tcmperatures were very similar, although §. mansond
nmiracidia cppeared to survivo slightly longex. Both cpecies of mirocidia
curvived longer &t medorate temperatuves then at high or low cnese A% high
temperatures ithey were more active btul eotivity £cll quickly soculiing in
high mertalitics, and at very low taperatures nirscidia vere "lethargic®
even though they retained their sectivity by virtue of their eges Prolonged
naintonance at low tcuporatures was hommful to the mirscidia es survival was
considexrsbly shoriencd,

The degree of activity of the miracidia, expresced as the mcen rate of
their roctilincor movenant, was dircetly influsnced by tcmperature and
Both B, monooni and §, heomatobium miracidia wero active
during the first 6-8 hours of free 1ife in teaperatures of 16-22 and 23-30°C
vhen the moan rates of movoment ranged botween 1.5 ard 2.5 my/cce, ond 1.l
and 2.0 mn/oce for the two cpecies respeotively (Fig, 5)s Tho mean rates
of movement for §, mansent sgreo with thoso obtalned by other woriicra:
Chemnin ot al (1962) at 25-27°C obtained 2,1 mm/sec; Davenport, Vrirht and
Ceusley (1992) at room temperaturcs cbiained 1.8 mnfcce; end Ve (19462) at
25°C obtalned 2.2 mn/ccc.

" inercesing 6gc.

Tho infootivity of miracidis was dizectly influenced by the expocure
tampeorature and their ace. tho overcll infection yatep obtained in the

present study chow that infectivity ircreascd with tho rise in exposurs
tameraturs but enalls bocame infeoted equally well at moderatoly lovw

tamperatuxcs a8 long as tho nirscidia remained ective. It was simificmmt
that no infections occurred ot expooure temperatures below 10°G. vhich
agroos with the recults obtained by De witt (1955), wen (1962), Lenay (1962)
and Purnedl (1965q) thilo abt the normal aguarium temperaturs (23-25%)
tiracidia were infectivo up to the oze of 15 hours, at the moderatoly low
teuperature of 19°c infectivity was prolonged to 17 hours. Chernin (1968)




found that at 25-27°C, 12 hours wan the meximum age et which 8, mansomd
mirzcidia wore infootive, vhereas taldenado et a1l (1948) put this ot
8 hours at noxmal loboratory tameratures.
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Yo LIGH

atroduction

Visible light is an electromagnetic wave radiation of the sane nature
as the radio waves, the infra-red ("heat") waves and the ultra-violet

radiation but differ by their wavelengths, (Ciese 1962), Dobson 1968).

Table 15 shows visible light in relation to the other electromagnetic wvave

radiation in the sun's spectrum (from Dobson 1968),

TABLE 15

Radiation Wave Length in A°

Radio waves 106 - ¥ x 10]'4
Infra-red 8,000 « 4 x 1()6
Vigidble (light) 4,000 - 8,000
Ultra=-vioclet 500 « 4,000

In nature the sun is the source of visible lisht and however intense
if not aboorbed by an aquatic animal it is not harmful (Glese 1962). Rather,
reactionn to light and other faotors guide the animals into places of

ecological importance to the particular species (Fraenkel and Cunn, 1960).
The intensity of light decreases from the surface of wator towards the bottom,
‘he extent of this decrcase depending upon the turbidity of the water

(1,04 the emount of euspended matter, eithcr sediment or plankton ) (Hardy,
1971)s Y¥here the waterbody is overhung by trees sunlight may be almost

coupletely cut off, with further reduction taking place towards tho bottom
of the wateyr.

Unlike thoe miracidia of Fasciola hepatica and Fhilophthalmue negalurus
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otudied by Ktimmel (1960) and Isseroff (1964) respectively, which have

nevaspots", the schistosome miracidia have no morphologically recognizable
photoreceptors that are known to reapond to light.

The phototactic response of S, japonicum was reported by Faust and
Heleney (1924) as being positive butS, haematobium miracidia were observed
to distribute themselves equally throughout a column of water {Faust, 1924).

Porter (1938) observed that S, mansoni miracidia moved towards light and

avay from darkened areas. These sauthors actually observed the effeot of

both 1ipht and gravity on the miracidia but in later studies by Takahashi,

¥ori end Shigeta (1961), Chornin and Dunavan (1962), Wen (1962) and
chiff (1969) the effect of gravity was eliminated.

Takahashi et al (1961) studiel the phototactic response of S, japonioum
niracidia at different temperatures and different light intensities and found
that the niracidia were positively phototactic in all light intensities at

15°C, tut at 1ight intenaities above 2000 lux and at teaperatures above 18%

the miracidia were negatively photactic. Xiracidia were positively phototactic

in light intensitlies of 100 lux and below, and at all ltempivatures up to

28°C. Chernin and Dunavan (1962) found that 70-100% of 8 ; mansoni miracidia
congregated st the illuminated half of horizontsally placed capillary tubea,

Wen (1962) studied the influence of light on f, mansoni miracidia in a
rectangular perspex box divided into two oompartments, one illuminated,

tho other blackened., He found that €6.1% of the miracidia congregated in

tho lighted compartment. Shiff (1969) investigating the phototactic response
of a Rhodesien strain of §, haematgbium, found that the miracidia congregated
at tho shaded (88 lux) half of a brightly illuminated (2400 lux) rectangular

dish end produced a high infection rate of 91.3% among Bulinus (P.) globosus
confined in the shade. These experiments show that S, _Japonicum and

3 mensony miracidia atudied were positively phototactic while the Rhodesian
strain of 8, haesmatobjum was negatively phototactic,
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There have been other studies to indicate the phototactic bdehaviour

of niracidia but these have been conducted in relation to gravity. GCravity,

unlike light, is invariasble both in intensity and in directicn (Fraenkel

end Cunn, 1961). Phototaxis and geotaxis have often been considered to
euzunent one enother and the importiance of each factor per se has been
examined. Takohashi et al (1961) found that S, japonicum miracidia were
negatively geotactic at all temperatures in the dark but at 20°C and at 1ight

intensity 5000 lux the miracidia began to show negative phototaxis and
positive geotaxis. Above 5000 lux miracidia showed positive geotaxls and
moved to tha bottom. Chernin and Dunavan (1962) used a dlackened flask

carrying a brightly illuninated side arm (McMullen and Beaver type 1945),

and found higher concentrations of 3, mansoni miracidia in the lighted side
exrm than af the top and bottom of the flask together but there were four

times a8 many miracidia at the top as there were at the bottom in the
blackened flask, In another experiment they studied the phototactic and

geotactic responses of S, pansoni miracidia in 100 ml graduated cylinders
{1lluninated in four difforent ways.

The first cylinder was covered leaving
2 co of the bottonm, the second cylinder was completely covered, the third

vas covered except for 2 cm near the botiom and the fourth was not covercd.

Samples taken from top and bottom of each cylinder at 15 minute intervals
showed that miracidia concentrated at the top in all the cylinders with a

slight increase in number at the illuminated bottom of the first cylinder,
Wen (1962) used a glass column about 3 feet long with detachable
collecting tubes along its length. There was no significant difference

batreen the proportion of Je_mansoni miracidia contained in samples from
the top half and thosoe from the bottom half,

Vright (1962) observed a remarkable negative phototaxis and positive
geotaxis of 11, haematobium miracidia obtained from the urine of an Iraqi

student. The miracidia retained the behaviour of remaining near the bottom
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of the urinc glass in which they hatched even after the first passage through
hemsters. EKinoti (1967) quotes ¥cClelland that a Tanzanian strain of
hagnatobd

8 vas indifferent to light.

Chernin and Perlstein (1969) in thoir further studies on the
interference with host-finding found that although 8, mansoni miracidia

scarmed preforentially the lighted half of parsnllel channcls producing
high infections anons target snalls thore, they effcotively scanned the

chaded end if the bright zone contained no enails,

Experinenta and alen

» horizontnl movement of mirncidia in response to light of

different intensities
In this experiment the effect of gravity wns eliminatod and so the

3 N

rceaponges wero to the stimulus of the particular light intensity. The

apparatus used wes a tap-device, shown in Fig. 8, which consists of an
0 un glass tap with two horizontal arms turned up at their ends. The orms
can be connected and disconnested by turning the key of the tap through a

right engle. A suspension of about 30 miracidia pipetted individuslly into

10 ml of dechlorinated water wa<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>