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ABSTRACT.

The relationships of members of the fanily
Schistosomatidee Looss, 1899, emnd. Poche, 1907, are
briefly described and the relevant literature on var-
iation in parasitic helminths in general and in the
schistosomesin particular is Bufveyed, together with

some of the available methods of statistical analysis.

Techniques used in the wmaintenance of strains of

Schistosome haematobium in the leboratory and the prepara=

tion of the material for examination are given in deteil,
together with {the procedure adopted for the recovery and
measurement of eggs of the parasites. A new method for

the measurement of egge is described.’

Techniques employed in the observations on
living worms and in their histologlcal examination are
desoribed and the methods of statistical analysis used

are given in detsail.

Results of the histological examinations and

observations on living worms are presented and discussed,

Ge



and the formation of malformed eggs is discussed in

detail.

The results of the measurements of over
59300 eggs from TO laboratory hosts and from man are
given and are analysed and disoussed in detail, and the
conclusion is drawn as a result that the material showed

a great deal of non=random variation.

The reduction in size of adult worms and eggs
recovered from experimental hosts is described and

discuesed.

Factors likely to affect egg shape and host-
parasite relationships are suggested in general terms and
the need for further work on the subjeot emphasised.
Attention is drawn to the effect of the host upon the
parasite, and the dangers of desoribing new species of
parasites from material not comprehensively studied are

emphasised.
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SECTION 1 - INTRODUCTION.
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JHRIRCICTIC

The schistosomes sre exclusively parasites of
the venous blocd syctems of thelr vertebrate hosto
(eitho:'birdﬁ or mamzale) during the adult stage, and are
generally found in the abdominal vessels. They have var-
lous species of aquatic molluscs as intermediaie hostsj the
sexoc gre sepacatc aud there io considerable semual di-

morphiem in the adult stages.

Yhe male Qorm is generally much stouter than tho
fenalo, although the latter is generally ihe longer. The
female is retaiﬁed in {he gynaecoyxphoric cansl of the male,
formed by the infolding of the lateral body margins to fom
a tube-like atructure. =33 of fairly charscierictic mize
and shape ure laild by the fenpls, and escapo through the
walls of the host blood vessols to either the intestinsl or
bladder lumen or into the nasal cavity in the case of
- Schistosona naéalis in cattle, whonco they are puassed out

40 the exterior. The egss hatch in weter to liberate a

ciliated miracidiua, the sex of which is already determined,

and which must locate and penctrate the sppropriate host

16.
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snailiﬁithin about 24 hours, Develoéﬁent in the snail
takes several weeks and results‘eventually in the
1ibe;atibn of large numbers of freoe-swimming, forkéd—
tailed cercariae. These have a characteristic behaviour
and appeerance, and will actively penetrate the skin of
any mammal br‘bird (ap appropriaté) frequenting thaf body
of water (e.g. for drinking, feeding, or washing). The
cercariae penetrate the skin of the mammal or bird but are
only suocessful in entering the blood system of the correct
definitive host, where subsequent development to the adult
form (either male.or female) takes place. The worms pair
off and travel from the liver, whore the final developmen-
tal stages occur, to the definitive site, whersupon the
female begins to lay eggs. The whole cycle takes several

months to complete.

A number of achistosomes is known from birds,
and t@ese are of little interest feyond the fact that the
céréariéa are capable of causing a characteristic form of
dermatitis (swimmer's itch) in exposed personsj there is
no development of thé corcarige in the mammal,'the éercariae

being rapidly destroyed in the under-lying layers of the skin.
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Although a mmber of schistosomes have been described
during the past hundfed yoars or so, there are probably
less than twenty ﬁall authenticated specics from mammale
which have a wide acceptance, the remainder being roparded

a8 synonyns,

The most widely ascepted classifications of the
mamnalian forms includes all the latter in the genus
Schi o Hithin this gormus there are throe comparatively
distinet rroups, namely (1) that containing Sghistogomg
Janonicum alems, (2) the Schimtosows mansend croup,

and (3) the Schistosoms bacmatoblum croup. Of these,
the latter ie by far the most conplex and eoxtains the

majority of the forms mown to occur in !ammalia, FEach
group contains ons or more forms of groeat imnortanee to
man, a8 woll as othors found in wild ar "domostic™ animals,

1) Schistosoms Japenicum eroups  Schistosomy japenicum
is the only momber of this rroup and is confined to the Far
Fast, It is widespread in Japan, Formosaz, Chima and the
Phillipine Islands, and it infects man, his douestic
animals cattle, watsr buffaloes, pigs, rodents, ete, The
Eges are typioauy-nlnoat sphorical, with or without a small
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lateral spine. The in;armediéte hosts are snails of

the genus Oncdmélania.: This form always produces
iﬁteatinal symptoms, and is never associated with thé
blood vessels of the bladder. There is accumulating
evidence that each of the fouf‘geographio regions hao a
morphologioallj end physiologically characteristic strain
of schistosome but such differences are only slizht., This
species of schisfosome is the only one occurring in man in
which reservoir hosts are definitely kmown to occur as a

regular part of the life cycle.

2) Sohistosoma mansoni group. This group is mors

complex than the S. japonicum group, and its members occur

in Central and South America, Africa, the ifiddle East, and

India. Schistosoma mansoni itself is widespread in Africa

and Central and South America, having man as its definitive
host in these areas. The egge are characteristically pear-
shaped with a stout lateral spine. The intermediate hosts

are snails of the genera Australorbis (S. America), end

Biomphalaria (Africa). S. incognitum from India occurs in

pigs and dogs but not so far as is known in man, and S.

rodhaini and S. margrebowiel from‘Afrioa in rodents and wild

runinents respectively. The form S. mansoni var. rodentorum
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from wild rodents in Africa is of doubtful validity. All
the members of this group cause intestinal symptons in

their definitive hosts.

3) Schistosoma haematobium group. This is both

the largest and most complex of the three groups, both from
the schistosome point of view and from that of the intermed-
igte snail hosts. All the members of this group are charac—
terised by more or less elongate eggs with a fairly to very
conspicuous terminel spiney severasl members are known to

infect man. The most important member of this group is

Schistosoma haematobium itself, occurring in central and
northern Africa, Arabla, and in soﬁa ereas around the Med—
iterranean Bes. The intermediate hosts are snails of the
genus Bulinus, except for a very small isolated focus on the

west coaat of India, where the ancylid snail Ferrissia tenuis

has been reported to be the intermediate host, and another

focus in southern Portugal where Plsnorbarius metidjencis

apperently aots as intermediate host. Schistosoma haematobium

causes typical urinary lesions in man, and inhabits the veins
in the bladder wasll. An spparently morphologicslly identicel
schistosome, also causing typical urinary symptoms, but having

a different intermediate host (snails of the subwgenus Bulinus
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(Physopsis) ) is found in the western half of Africa. A
formm possibly slightly morphologically distinct from the
above is found in the southern part of Africa. This form,

S. capense, also has a8 its intermediate host B. (Phyopsis),

and again gives rise to typically urinary oymptoms. So far

as is known these forms are confined to man., S. bovis, on

the other hand is principally a parasite of cattle and other
runinants, and is found in Africa, Arabia, and India. This
species is quite similar to the previous members of this group
but has larger and more spindle-shaped eggs. There are come-
what doubtful records of its occasional occurrense in man, but
it is primarily a parasite of cattle. Very similar to this
form is S, mattheei, an intestinal parasite of sheep and catile
in central Africa, which is also believed to oocur occasionally
in man, apparantly causinz vesioal symptoms. The eggs of this
form are intermediate between the rounded shape of 5. haemagto—
bium egge and the larger spindle shaped eggs of 3. bovig.

Both S. bovis and S. mattheel have snails of the subegemus

Bulinusg (Physqpsis) as intermediate hostsy S. bovis also

utilises Bulinus itself. The position of S, mattheeli relative
to S. bovis is similar in some respects to that of S. capense

40 S. haematobium, and parallels the situation found in the




snail hosts Bulinus and B. (Physopsis). A fifth species

of more doubtful authenticity is S. intercalatum, which

appears to lie somewhere between S. haematobium and S,

capense on the one hand and S, mattheei on the other. This
form is agein B. (Physopsis) - borne, but the eggs are more

elongate than those of S, haematobium and les s spindle shaped

than those of S, mattheei. S. intercalatum, if such a form

really existis as a distinot species, causes intestinal
bilharziasis in humans. S. leiperi is a small form with
large slongate eggs from wild ruminants in Africa. Much
detailed work is still needed to determine the relmtionship

of these forms.

Such species as S. spindalis and S. indicum from

India are parssites causing intestinal symptoms in cattle,
sheep, horses, etc. and have characteristically large eggs
whioh render them reasonably distinet from the above group

of African forms.

The species of schistosome, their intermediate
hosts, distribution, and definitive hosts arc set out in

Table 1, pages23, and 24.
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The distribution and variation of the schistosomes
themselves and of their intermediate hosts is still far from
well defined, and much work is needed to determine the
relationships of this very important complex of parasites and
their hosts, This is especially true of the S, haematobium

group.

There 1s a pressing need for a detailed, oritical
analysis of eggs and their shape in the schistosomes because
the worms themselves cannot be obtained in human infections
until after death, and the eggs are the only acecessible direct
gvidence of the presence of the parasite. There is thus a need
for the experimental investigation of egg shape in order to
help all who deal with this disease to understand the nature of
the material with which they are dealing, As LeRoux (1961)
has remarked, too much réliance cannot be placed on egg
morphology until more is known about the range of variation of
egz shape and factors affecting it, The relationships of the
various members of the Schigtosoma haematobjum complex must
also be elucidated and an attempt made to determine whether
the newer species found in wild and domestic animals, especially
in Africa (e.g. Se mattheel, S. intercalatum, etc.) are of

importance in human infections.
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Statistical methods of distinguishing betwecon
ponsibly morphologically distinct taxonomic groups can be used
where other more conventionsl techniques can not be applied.
This is particularly the case where the groups under investi-
gation show an apparently continuous range of variation in
features which cannot be desoribed accurately in z purely
qualitative manner yet can be measured and are possibly of
importance. The obJect of the work described was to determine
whether populations of the same species of schistosomes drawn
from different gcographical areas vary in porphology, and
if so, under what conditions, if any, alteration of these
variations could be induced. Attempts were glso made to
define the limits within vhich these inirs=specific variations

occurrede.
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SECTION 2 = HISTCRICAL.
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HISTORICAL

In a recent paper LeRoux (1961) stated that "the
ldentification of Schistogsoma specles with absolute certainty
is wellnigh an impossibility if the criteria employed are the
shape and slze of the eggs recovered from faeces". Similar
views were expressed by Buchanan (1937) when he said that
treliable diagnosis cannot be made on egg form and measurements
as such may show marked variation even in the same individual®,
and more recently Nelson gt gl (1962) and Hairston (1962) are
among those who have drawn attentlon to and deseribed the effects
of the host environment ("physiological environment") on the
schistosomes, and particularly the eggs. Nelson et al (1962) gave a
warning that much more caution 1s required in giving names to
terminal-spined eggs. It appears at least theoretically
possible for the range of variaéion of one so-called species

to overlap that of another,

Cram (1955) and Wright (1962) have summarised the
evidence of strain differences in the schistoscmes parasitising
men and in their intermediate hosts, and Wright (1960 & 1962)
has discussed the probable mechanisms involved in the production
of these strain differences, Hsu and co-workers have demonstrated

in a series of papers (Hsu & L1, 1957; Hsu and Hsu, 19582 & 1958b)



that four geogrephic straing of S. Jjaponicum exist, each

corresponding to a different spccies of snail host, and that
each of these four strains has developed its owm characteris-
tics. lUcCullough (1959) has reported a most striking example

of strain=-specificity in S. haematobium. Vright (1962) has

amplified this work and has described experiments or the oross-

susceptibility of S. haematobium and sitraiuns of Bulinus spp.

Forsyth (1958) has ascribed variation in the resulis

of drug treatment of S. haematobium and S, mansoni in Xuwalt

to variations in the parasitces themselves.

There gppears to be no reason why variations should
be confined to the three principsl schistoczomes parasitising
man, and it may well be found on further investigation thei
the same principle gpplies in other sthistosome~snail

relationships.

In a long paper written in 1923, Chandler stated that
the speciation of parasites and their relationships have pres-
ented some of the most difficult and most interesting problems
in the field of parasitology, and that these problems are of

prime importance in connexion with the control and prophylaxis
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of a number of important infections of man and domestic
animals. Chandler continued by expressing the opinion that

8ll parosites undergo slight physiological changes in order

to beoome acclimatised to different environments, and that

suoh changds may have to be present before the new environ-
ment can be invaded, or alternatively may be developed in
response to exposure to the new enviromment, He conusiders

that physiologiosl changes are inevitably connected with
morphological ohanges, although the latter may not necessarily
be obvious. In considering the possible mechenism by which
these physiological and morphological changes are brought about
Chandler emphasises that it is necessary to distinguish between
somatic acclimatisation and genetic modification. He suggests
that it is possible that not all modifications of parasites in
different habitats are due to segregation and survival of
favoured genetic races. Nevertheless, the segregation of
adeptable racss stands out as the most probable and most
frequent factor involwed in the formation of the "hostal"

TAaCOBe

Chendler is of the opinion that whether this explan~
ation is accepted or not, the known facts favour an cxtensive

recognition of the widespread impurity of species in nature,
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of the physiological and morphological instability of parasites
and other animals and of the resultant variability of
infeotivity and pathogenicity. IFor this reason Chandler

thinks that it is wiser to await positive evidence as the

result of searching investigations into the constancy and
nature of the so=called specific difference between proposed
species of parasite living in differcnt envirommental conditions
before they are reccognisod as distinct, well founded speciese.
However, he adds the warning that the converse tendency to lump
together parasites from differeni hosts or habitats without

nomenclatoriagl distinoction is just as serious a mistake.

In a more rccent paper on intraspeocific variation
in parasitic flatworms, Stunkard (1957) elaborated on Chandler's(}%ziB
conclusion with special reference to flatworms, and stated
that "members of a single species of parasitic flatworms may
develop in a number of different species of final hosts....
The size and morphclogy of these parasites are profoundly
affectéd by the host-species in which the worm develops.

Specimens (of Fasciola hepatica) from a cow, a rabbit and a

guinea pig may manifest differences far greater than those

usually employed to distiu;uish between species',
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Stunkard is more specific in his conclusions than
Chandler, and concluded that there were no adequate means of
measuring intraspecific variation in parasitic flatworms, and
until factors which influence the developmental and
morphologlcal features of these parasites are worked out, the
precise limits of specifiecity would remain uncertain.

Sneath (1957) discusses the general problems and
principles of classification and gives suggestions as to their
anproach from a more mathematical point of view, with especial
reference to the bacteria, while in a later paper Sneath &
Sokal (1962) review the general topic of numerical taxonomy,
and give an outline of some of the methods available to workers
in these fields, These authors discuss in detail many aspects
of numerical taxonomy in a recent book (Sokal and Sneath, 1963).
Of the three methods suggested by these authorss (Sneath & Sokal,
1962), that of co=efficient of association 18 not applicable here
as it 1s genorally used to refer to characters which manifest
themselves as "present or absent"., The second method is the
correlation co-efficlent technique as deseribed by Sneath (1961),
while the third method, which has been adopted here, measured
the "taxonomic distance", This method uses the convention
of a multi-dimensional space, with one dimension for each
character under study, and although this is impossible to
visualise or represent graphically for more than three characters,



the distances between the taxonomic entitles cah be
caloulated. Sokal (1961) gives the distance method in
greator detail, including a worked example. There are
peveral veriations on this technique, two of which have

been used in the present work. The first method involved

the computation of generalised distanoes between the tax-
onomlc entities and the construction of an appropriate

model, In this method, the generaliced distances are vectors,
i.c. they have both length and direction relative to each
other, and represent the relationchips of the groups of ore
genisms under study in a model space of n dimensions (in

this case 4 dimencions corresponding to the four characters
measured), Albrecht and Blackith (1957),..9lackith (1958)
and Blackith and Albrecht (1959) pre among those who describe

actual exporiments using this method.

The socond method used in the present work has
been thn calculation of canonlcal variates or vectors. The
relationships of the discriminant function (generalised distance)
analysis and the canonical variate approach have been outlined
by Blackith (1960), who points out that although "the canon-
ical variate approach may not bear so readily identifighblc an

interpretation as do the discriminant functions, a test for



the number of sisfmificent dimensions of variation is ithen
available". The canonical variatesc are used to calculate

the co=ordinates for o multi~dimonscionsl graph, each dimen-
pion corresponding with a character in the sample, and to
determine the numbexr of gisnificant sources of wvariation which
underlie the observed values of the measured variates

(dimensions).

Both methods have been uscd in the preseunt work
but the generalised distance approach was adopted for the
majority of the work. The computations involved in both these
methods are rather invelved; boti sets of caleulations were
based on a snall semple of material, approxzimately 180 eggs
being useds The recalculation of the generalised disteances
and the canonical variates using the complete set of over
5,300 sets of measurements would give a sharper discrimine-
tion between the groups. However, the use of a sub—optimal
technique has been shovm by Lubischew (1962) to be guite

acceptable in the aboence of a morc accurate analysis.
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MATTRIALS & NMITHODS.

a) linterials.

Species of snalls used were Bulinus truncatus

(£udouin) from Shambet (Suden), Cairo, Israel, Scyd ifoshen

(Iran), Tehran, Baghdad aud Dagrah, Bulinus truncatus rohlfsi

(Clessin) from Lagos Cabemba, Angola and from Ibadan, Wigeria,

B, senegaleneis 1iiller from the Gambia, Viest Africa, and

Bs (Physopsis) globosus (Lorelet) from Kisumu (Kenya) and

Amani (Tangenyika)e These snails were maintained as des—
cribed by Claugher (1960). The general relationships of
these species are shovn in Figs. 2 and 3, pages 43 & 45,

and treir geographical originoc in Fige. 4, page 47. However,
Viright (1962) has pointed out that at tho specific level
large numbers of forme have boen named which have been shovm
t0 be spurious by recent viork and he advecates the use of
Landghl=Barth's (1958) gpecies—-group concept of snail taxonomy
vwhich is biologiocally more realistics Therefore the sub-
divisions of the gpenus Bulinus at the species level (Fig. 3
page 45) should not be regarded as definite and the species—

group concept is largely adopted hereafter.

Sehistosome haemaigbium strains were used from Ghana,




Dutsi (near Kano, Nigeriz), Cairo, Shembat (near Khartoum,
Sudan), Kisumu (Kenya), Baghdad, Tchran, iuwait, Dirgag and
Said (Lden). The geographical locations of these strains

is shown in Fig. 1. page 41.

The memmaliasn hosts used wero laboratory wnite mice,

colden hamsters, multimammate mice (liastoumys natalensis),

African grass or spiny rats (Arvicanthis abisynicus) and

jirds (Meriones ghawi). Theoe were kept in shoe-box type

cezes either individually or as breeding peirs. Yhey were
meintalned on & cubed rat diet (diet 41 of Bruce & Parkes) as
supplied by lessrs. Oxoid., Oxoid diet 418 was later used

to try to stimulate brecding. Greenstull, senorally cabbage
and letiuce hearts, and carrots were given to all the mammals

weekly. Vater and rat cake were supplied ad libitum.

b) Techniques used in passazing the parasites

i) Intermediste hosta.
Methods {or hatching schistosome eggo and for
infecting the snail intermediazte hosts followed

those described by Standen (1949, 1951. aud 1952)



Mzure 1, Geographical origins of tha schistosomo

strains.
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Figure 2. Relationships of some of the higher

taxa of the phylum .idlusca.
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Maure 3, Relationships of some of the more important

apecies of the molluscan zenus Bulinus #uller.
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Figure 4. Geographical origins of the snail

intermediate hoats.
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In the present work snails were exposed to miracidia of human
origin in the areas from which they originated and w:re immediately
dispatched by air mail packaged as described by Claugher (1960)

or vere exposed to miracidia hatched from faeces or portions of
heavily infected liver as described by Standen (1949).

More recently a method sultable for the transport of live eggs
from the fileld to the laboratory wes developed and has -been used
with considerable success (Jewsbury, 1964). Eggs were recovered
from the urine of infected persons by sedimentation and centri-
fugation, and were washed twice in 0,9% salinc solution with added
penicillin at a concentration of 125 i.,us per ml, They were then
re~guspended in further penicillin-gsaline in stoppered vessels and
gent by air in a chilled vacuum flask containing a 1ittle ice,
Considerable mmbers of miracidie have been obtained on numerous
occasions by this method.

Cercariae were obtained from infected snails by the methods deseribed
by Standen (1949).

Infection rates among the exposed strains of Bylinus

were found to vary considerably, although generally 5%

to 20% were successfully infected, The remainder either
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did not survive the infection or else were refractive
to exposure. Similarly the number of cercariae obtained
from each snail varied from az few to several hundreds.

Definitive hosts.

The potentialities of a wide range of manmals %o infec-

tion with S. haematobium and S. mansoni have been invest-

ipated by lloore, Yolles and “eleney (1949), Azim and
Cowper (1950) Stirewalt, Kuntz and Tvans (1951), ifoore
and ieleney (1954), wuntz and Nalakatis (1955a, 1955b,
and 1955¢), and Xuntz (1961). TFrom this work it appeared

that vhite mice, hamsters, Arvicanthic abisynicus,

lMeriones shawi, and possibly lastomys natalonsis, were

the best available laboratory hosise All these specics
have been used in the present work (see Table 2, Page 50)
and althouch none was completely satisfactory under the
conditions of the cxperiments, hamsters have been found

to be most suitable. Although it is possible to keep
somevhat larger numbers of mice in the same space, they
were not found to be altogether satisfactory hosts, very
few being capable of carrying « reasonebly heavy infection.

Arvicanthis abisynious were found to be only tolerabls

hosis dospite more hopeful earlier recports. These animals

bocame exoessively fat and this gave rise to considerable
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practical difficulties in the recovery of worns at
post mortem. Infection rates were also often low,
only a few worms being recovered in most cases; all=-
male infeotions were also quite common. The jird

dieriones chawi was also disappointing; only six animals

were used, and less than 3}i0 of thc cercarise were
recovercd as odult worms and one animal was completely

negative 100 deys after infection. ilastomys natalensis

likewise yiclded less than 3}% of the cercariae as adult
worms and were not nearly as satisfactory as hamstors.
One Rhesus monkey was exposed but surprisingly found to
be apparcently negative on post-mortem = no eggs were
recovored from the fgeces either. The sources of
material are given in Table 3, pages 52553 &=H.

In genecral the methods of infecting the vertebrate hosts
follow those used by Standen (1949). ..ethods such as
thoso desoribed by Olivier and Stirewalt (1952) and Pan,
Kaufmen & lunter (1951) were too longthy for the proscnt
work. Vatscon and Abdel=iAzim (1949) record the results
they obtained with nine different meihods of exposures
that of partizl immersion in "infested" water was the
easiest and gave the best results (50,° recovery of

cercariaoc as adults and the greatest uniformity of

51.
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Table 3 - Sources of material,

E———

Refs, Animal Tissue Uterus No, of
No. No. 1 g 1 g worms recovered
1 Ghana T4 - faecal sample 4 -
2 76 20 20 T2 30
3 75 - faecal sample 1 -
4 Nigeria 64 - " 14 2
5 73 - N —— 4 3
6 Shambat 4 - - ;t_é_A_,\ - 26
7 3 - - 1 N 36
8 7 150 210 81 97 42
9 10 199 100 33 - 48
10 15 99 13 44, - 31
11 19 100 100 106 - 133
12 5 100 100 5 - 1
13 12 100 100 - 346 80
1 28 - - 15 - 22
15 23 38 4 - - 20
16 Cairo 42 L, 50 3 333 178
17 33 - 47 - 208 107
18 43 - - 1l 19 66
19 35 - - 65 39 198
20 Kisumu 42 - - 19 42
21 5 - - 3
22 54, - - a3y 53
23 45 - - - 26 45
2/, Baghdad 62 16 40 40 L4 37
5 A > % é 214 %
2 -
27 &S 20 50 1
28 70 faeecal sample 9 -
Mouse
29 Shambat 16 - - - 1 40
30 Cabemba 12 - - 11 - 10
31 1 - - 59 31 46
32 9 - - 6 16 FA R
33 19 100 15 - - 13
34 26 30 - - 3 5
35 Cairo 23 6 1 - 3 19
36 30 4 - - 49 A
37 20 4 1 8 139 54
38 27 11 1l - 159 42
39 21 50 50 - - 50
1 = 1liver g = intestine

No, in 1 and g columns = no, of eggs measured
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Table 3 - Sources of material.

Refs, Animal Tissue Uterus No, of
No. No, 1 g 1 g worms recovered

Arvicanthis

40 Ceiro 18 1 - - 79 61

41 7 - - 92 - 42

42 8 - - 60 51 39

43 9 - - - 49 80

L4 12 - 20 2 - 28

Mexiones

45 Shambat 3 - - o 30

46 2 - - I 9

47 1 - - 37 13 25

8 4 8 7 - 96 26

49 6 - - 1 13 21

Mastomve

50 Cairo 3 2 - 1 3 23
51 1 1 - - - 10
52 6 6 3 - 43 25

Man

53 Ghana Urine 50 - -

54 Nigeris 50

55 Cairo 1 25

56 2 25

57 3 25

58 4 20

56 Dirgeg 13 8

60 16 17

61 17 3

62 20 25

63 23 25

6 39 1

65 Said 14 25

66 34 25

67 6 12

68 7 1

69 Kuwait 2 13

70 Baghdad 34



recovery). Methods involving the shaving of the

animel or the injection of cercarial suspensions sub-—
cutaneously, intraperitouneally, or into ithe stomach were
not so successful and were more difficult to periorm.

In the present work the host aniwal wag placed in a

bath of conditioned water (water kopt for three days

in aquarium tanks coutaining fish and water vesd to
remove any harmful dissoived heavy metale) at about6°

C. for about 30 to 45 minutes to stimulate the evacuation

of fameces and urine inmediately prior to exposure to

Se namemgtobium cercariae, by the partizl immersion method,

Cercarias were counted and picked out of the styrens pots
containing the stimulated shedding sunails using a Pasteur
pipette and viewed with a dissectin: microccope and o
strong horizoutal beamn of light. Cercariae vore pooled,
i.0. cercariae frou several snails ol the came strain and
carrying the samc strain of parasite were uced for ecach
exposure to minimuse the chance of unigexual infections.
Exvosures wore usually made iu lass rdluner-type Jars or
breffits, according to the size of the mammal. A small
quantity of conditioned water was put in the jar, the
cercariae addcd carefully so ag to avoid as much damage

to thcm as possible, and the animal carsfully intreduced.

54.



Animals were unshaved; cercariae penetratcd throush the
fur and on the tail ol feet, The aninal was exposed for
60 minutes as o rule; only on very cxccptional occasions
was an cxposure made for a lon;cr period. Dosage rates
variod during; the course of the exporimentns initially

a stoudard doce of 500 cercariac was eaploycedi) but doses
of 150, 200, 250, 200, 350, 400, 450, 600 and 800 etc.,
cercariae were alno uged ag the erxperimental considerations
varranted. Juring more recenl work a standeri dose of
200 cercariac has been usecds The infection was ellowed
4o Tun its course for the required periocd (usually 100
dayc, but considercbly longer in later oxporiments)
before the animal was killed and thc vorms »ocovered.

Any suinmals dying during the course of the cryperimont
were examined and any rccovergole worms Tremoveds

In expcrimental infections of laboratory animals

Se hacmatobium is found in the veins draining the intes-

tine rather than the bladder as is the case in human
infections asnd consequently egns are generally found in
the intestinal tissuec and liver and not the bladdersy they
are also pasced out in the faeces rather than the urine.
Infected animals werc exsmined periodically for the

presence of vigble egrs in the faeces by confining them
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overnight in ar all vire-mesh cage over a dish of

saline solution and nttempting te hatch any eges

present in the collected facces in the usual way. The
presence or sbsence of hatohed miracidia was determined
with the aid of a Point-O=Iite lamp as described by
Standen (1949). Any animals found to be passing reason=
able numbers of viable egps (c.c. up to 30 per cxamination)
by this technique were usually retained ss a source of
material and were not killed for post mortem exumination,
It vas found that animalc, especially hamsters, passing
wore than 30 to 40 egps iu one nipght had a hyper=infection
and wore liable io dle suddenly although spparcntly healthy.
lamsters were again found to be the -ost suitable hosts
for this work.

Perfusion of the abdoninal venous blood vessels with a
sultable anticoasulant ié the best method for recovery

of the adult sohistosomess. Although the technique may
appear to be too delicate and protracted to be practicable
the only alternative is thc manual recovery of individual
worms from cut bloed vessels., Damage to the worms during
recovery is almost incvitable by this method, worm recovery
is not always cowmpletc, thus wasting material, and cean be

Just as time consuming. Vith practice a post mortem



examination oan be completod within 20 to 30 minutes with
a high perecenlage of s ors rccovery, using the perfusion
techniques Digestion of tiosues likely to contsin schis-
togome egge firstly by trypein in alkoline solution (pH 8)
followed by pepsin in acid celutiom (plile8) ia also of
advantage g8 it provides a considcrable number of ezgs
additional {¢ these contained withiu ithe femzle worms
recovercd by pexrfusion. A cuccessful digestion may take
8 to 9 hours, but tho yield in clean eggs is worth the
time tckon.

£ method combining the perfusion of the sbdominal blood
vegsels and liver and a digestion technique vicre used
routinely for the recovery of undamarcd live adulid
schistosomes and their ezgse Tho perfusion technique
followe in broad ouiline that of Yolles, lioore ot al.
(1947). The dorsal aorta sand the blcod vessels supplying
the liver are ligetured and the liver rcmoved and
perfused separately, worns bhcin; recovered from the cut
hepatic portal vein. Vorme from the mecenieric velns

are similarly recovered fron the hepatic portal vein
draining the intestine. i‘ore complex techniques such

as thoge of Pollegrine and Siguiera (1956) and the Pexf-

o~Suction methods of Radke, Berrios-Duran and iforan {1957)

57



vwore not considered essentinl, as they involve the use

of more expeunsive awparatuc and reagents, are more complex
to set up and carry out, and give little or no i..proveument
in percentage yield of worms. The pqrfusion apparatus
itself i cssentially similar to that deccrived by there
authors (which in turn is based on a mcthod due to Faust
and. .elenoy) (Yolles et. al. 1947) £ cannula, consisting
of a 2" length of hypodermic ncedle tubinz mounted in a
ribbed holder, anud an ordinary hypodermic needle were
fittcd to rubber tublng provided with "rollerx" clips.
Twelve and fourteen geuge cannulae ani twelve, fourteen

or sixtecn gauge hypodermic needles werec used, according
to the size. of the blood vessels being perfused. Citrated
saline solution (0.75% sodium oitrate plus 0.857 sodium
chloride) was used as perfusate as by Yolles & Loore {1947
Lfter perfusion of the liver snd gut, eggs were isolated
by the technique due to Smithers (1960) and incubation of

the digoet was carried cut in a water bath at 37o Ce It

58.
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wae found that careful recuovel of all fat from the intestine

and thorough cleaning of the intestinel mucosa was of
importance to obtain a clean digest. Gencrally, only the
posterior region of the intestine (the colon) was afTected
by the presence of worms, but nevertheless the whole of

the intestine was digested. The second (pepein) digestion



was carried out in conical, stoppered centrifuge tubes,

to avoid the additional transference of digest and
consequent loss of egss prior to the final centrifuge.

At first eggs were also isolated'by merely homogoenising
the liver or intestine without subsequent digestion, but
the produot was not at all satisfactory, eggs generally
being surrounded by fibrous host-reaction cells.

ifter rccovery of vorms at a post-mortem examination of

an infeoted suimal they were transferred from the per-
fusate to hinger's solution as quickly as possible. Viorms
were left in Ringer at room temperaturc for several hours
and the males and females vere separated with the aid of
fine paint brushes before being fixed on a glass plate.
Cold formol acetic fixative (8 parisc water, one part 407
formaldehyde and one part glacial acetic acid) was found
to be most satisfactory for whole .amounts of all the
fixativestried. Voms were "painted" on to the glass with
the minimum amount of Ringer, and fizative was dropped on
to them with a pipettes Tovaris the cnd of the work a
more rapid method for the fixation of larger numbers of
worns was used, involving the rapid horizontal shaking‘

of the worms iu cold formol=acetic fizative in a stoppered

test tube. Both methods gave good results, relaxation
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being quite satisfactory. Vorms were kept in fixotive
for 24 hours before beins transferred direot to and
gtorod in glycerine alcohol made up in the proportion

of one part of glycerol to onc part of 10y alcohol.

This preservative was the only onc found vhich cleared
the worms sotizfactorily while not distorting the eggs.
Tormo were stored in polystyrone tubes fitted with
polythene stoppers, as wormg ctored in ordinary glass
specimen tubes fitted with corks were found to turn black
after a chort while., Dgys digesteé from ticsue were
stored in 0.9 saline solution in ctopperod centrifuge
tubos Tor as short a while as possible, until they could
be measured.s In the latest wvork in this conncxdon,
ponicillin at a concentration of 125 i.u. per ml. of 0,9
saline solution was used as a final washduring centrie
Tugation and vias used to store the egrp, in order to reduce
the aaount ol baoterial countaminntion.

¢) Histological techniques.

Vorme were recovered from freshly killed hosts as
described above, the meles and females separeted and fixed in
cold alcoholic Bouin, Susa, or formal saline fixatives. Naterial
wao ombeddcd in peraffin wox either by the simple method or

by Peterfi's double embedding technique azs described by
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Carleton and orury (1957). Longitudinal and transverse
serinl sections were cut at 6 /u end were stained with
iLapgon’s triple stain or Fhrlich's haematoxylin. A4All

drawinge vere made with the aid of a camerz lucids or a

squarcd eyc~piecs.

d) Statistical mcthods.

i well as & preliminary morphological study of the
adult end larval sizges, es; shape was chosen zs the best subject
for intensive study, as the ey is the only hard, formed struc—
ture occurrins in cither the male or female schistosome, and

ip thercfore less liable to distortion.

It ie usgally imposoible or impracticable to‘make
neasurcments of sll the members of each population under study,
which ig itself part of on infinite population, and a saupling
technicue i frequently useds During subsequent treatment of
date derived frow such szaples, it must bec remembered thot the
original data are taken from a sample of t.e original infinite
population and that it is the population which one is trying
to comparce Varicus techniques are available for the treatument
of sample dala to estimabtc their nearness to the corresponding
population data, but such techniques are still only estimates

of the ideal (populaticn) figure.
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Preliminary tests using length-frequency curveas and "{"
tests on one dimension of the eggs at a time indicated a
probable difference between at least some of (- samples,
However, these methods do not take into account the ghape
of the matorial. The comparison of shape is more complex
mathematically; howsever, the comparison of "mean shapes" as

size
well as/for each sample is being attempted in this study.

The standard "t" test is generally applied to one
cl:aragter mean at a time from two samples (e.g. length of the
ogg = 1)e It is assumed by the null hypothesis that tho two
samples are drawn from the same population, the variance of
which 18 estimated by pooling the two sample wariances, If
the difference between the means in terms of its standard error
is greater than the expected value of "t" for a given probability,
the null hypothesis is rejectsd and the two samples are
in faet taken to have besn drawn from two different populations.
If the populations cannot be distinguished unequivocally
by the use of a single character, the simultaneous use of two
or more characters may make this possible, in which case the
calculations involved in the comparison of the mecans are much
more complex, In the present work the four dimensions of the
eggs overall maxdmum length minus the spine, maximum breadth
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distance of point of maximum breadth from the non-spinose end,
and the spine length alone, (Fig. 5, page 65) have been used
in an attempt to define the shape of the egg more accurately,
and the four dimensions of each egg sample have been examined
by application of the technique of multi-variate analysis,
Cooley and Lohnes (1962) give a good introductory account

(ppe 116-123).

Treatment of da egg meagurements.

Eggs were measured using a crogsed mlicrometar eyepiece
fitted to a conventional binocular microscope or using a
erossed sliding scale fitted to a Reichert "Visopan"
projection microscope. The second method was found to be
the easler to use and was also quicker and less tiring than
the use of a micrometer eyepiece. Eggs were measured either
in utero in adult females in temporary mounts of glycerin
alecohol or as suspensions of digested eggs in penicillinesaline,
It was necessary to focus accurately on each egg to determine
whether it was obscured or distorted by adjacent eggs or whether
it was not lying horizontally. Such eggs were always rejected
for measurement purposes, but were included in the totals of
counted eggs. A large proportion of available eggs had to be
rejected for measuring purposes for these reasons, particularly

eges in uterc. Magnifications of 125 and 500 diameters were



Figure 5. Diagraza showing the Tour dimensions

used in the measurement of the ezgs.
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found most useful locating and measuring the eggs respectively.
The four dimensions employed as standard are shown in Fig. 5,

page 65. The data were punched on to 80 column Hollerith cards,
together with the coded reference data, using one card for each
egg Tig. 54, page 66B, The use of punched cards, although more
troublesome in the beginning, it more flexible than the use of
punched tape., The extra time involved in the preparation of the
cards is more than repaid by the increased flexibility in handling
them,

After the cards had been prepared, they were sorted
mechanically into the desired groups, and the calculations
repeated. In this way the same data were used to obtain
information on & number of effects without having to re-punch
the relevent information., Thus information can be obtained on
variaetion In eggs

1) from a single uterus,

2) from one site within one host animsl,

3) due to the site of origin within ons individual host
animal,

4) from several individuals of one species of host animal,
5) from different species of host animal,

6) due to differences in worm burden,

7) due to duration of infection,



Flgure 5a.

Code

Column No.

6, 7and 8
9 and 10
11 and 12
13 and 14

15
16
17
18 and 19

20 and 21
22

23

24, 25 and 26

27 and 28

Reading.

007

08

Photograph of & Hollerith card and
interpretation of coded data.

Interpretation
Category Value
length 096
breadth bhy
Lpux 2,
spine 08,
host species hamster
parasite strain Shambat
passage number 2
infection rate 40=49 individual
wornms
infection length 90«99 days
(days)
material recovered
from liver, gut, 1liver
urine or faeces
eggs from urine
or faeces, tissue, tiasue
or in uterog.
dosage rate 500549
(cercariae) cercariae

reference number o8
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8) due to the dosage rate in the host animal,

and finally,

9) from different geographic strains of the same
species of parasite,

The analysis of results by the multivariate
method involves a more intricate series of calculations than
univeriate methods and the use of a desk calculator with
congiderable carrying facilities is esgential; moreover, the
analysis of more than four or five variates makes the uss of
electronic calculating equipment essential as the labour of
handling tnc amount of material involved is very considerable,

Two dlstinet approaches are available using the multiveriate
technique,
These ares

a) The calculation of generalised distances between group
means in an n-dimensional space (four dimensions in this case),
a projection of which into a three-dimensional model is usually
practicable (see illustrations in Lysenko and Sneath, 1959). It

is a feature of this method that the axes or vectors are not usually
mutually at right angles,

b) The caleulation of canonicel vectors, mutually at right
angles in their own proper espace,
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The methods employed in the evaluation of th: data using these
two approaches were as followss

a) Generalised distance method.

1) For each subsample or group, the four measurements as in
Fig.5, page 65, are set down in four columns, Xp» Xy» Xy and X
corresponding to length, breadth, lmax and spine respectively,

2) The items of each column are multiplied successively by
Xy % x3 and xL, giving further columns of squares and cross—

products, All columns are then summed,

3) The sums of squares and products are in fact moments about

zero, and in order to relate them to their means each sum of squares
15 reduced by a correction factor of, e.g. n.x>, and each sum of
products by, @efe, n.ifxz.

4) The results are pooled by adding similer values from all
subsamples with due regard for signs, to form the information matrix.
This is set out as shown below in lines a - 4.

Left Hand Side Right Hand Side
a) X1 Fp ¥3 Xy 1 0 0 O
b) X1 Fp Xpy Xy 0 1 0 0
c) X1 X33 X33 Xy 0 0 1 o
d) 0 0 0 21

1 %2 *uz Fus
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5) The information matrix, as above, is inverted following the
method described by Goulden (1952), pp. 147-148, This leads to the
elercnts of the inverse matrix (or c-multipliers) as shown below,
the information matrix xij becoming the inverse matrix cij’

¢y Cyy 013 cl4
¢ Can Caq A
€31 3 €33 %3

% % %3 4

6) To compare the shape of two groups of eggs, the means of
sach of the four sets of measurements (xl, X, stc.) &f the first
group arc substracted from the corresponding means of the second
group, to give the differences d ) dz, d, and 4 x due regard being
pald to signs,

7) The square of the generalised distance D between the group
means is given by

p?

* Pady * Pydy * P9,
where P, = (dlcllf’dzc +d.3013 4014)
P = (8g05; +dyoy, + d3°.23 4%24,)
Py = (dyogy +dyes, +dze, 4 d 0,
P = 410y rdp0pn*dse 4 dse,)
D2 i1s thus a measure of the similarity of the two groups,
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8) The angle © between two comparable vectors L (with
a~coefficients) and M (with p-coefficients) is given by
Cos 6w 2% Py

./ zlaiz.zpiz

Knowing the generalised distances and the angles between the
vectors, an n-dimensional model can be envisaged, and this can
often be meaningfully represented by a projection into a three-
dimengional model, In the present work two such models were
constructed of rubber balls separated by glass rods (see Fig, 10,
ps 138), the lengths of which (the generalised distances) directed
the shape of the model rather than any calculation of angles, and
in these clrcumstances the calculation of angles was not carried
out as it was considered unnecessary.,

be Canonical vector method.

The informetion matrix A, consisting of the variances and
co~varlances pooled within each group of organisms, is supplemented
by a corresponding matrix B, computed between the groups. The
root 8 of the determinantal equetion |B = M |= O afford an
indication of the number, and relative importance, of the contrasts
of form shown by the organisms (Table 31, page 1334).

The canonical vectors associated with these roots (Table 31A,
pe 133) can be considered as the axes of a graph, within the frame=
work of which the groups may be mutually oriented. Once set within

this framework the groups will be separated by a distance D ( the



69E,

generalised distance already caleulated in section a (7) above).
The position of each group within the framework of reference can be
found by multiplying the means for the group by the corresponding
weighte in each of the canonical vectors, If these weights are

¥1s 7p» €tc. fof any one vector, then the position (or" scord' ) along
this vector is = vi.:‘ci, The graph may then be plotted.

The distribution of the points obtained by both the generalised
distance method (a) above) and the canonical vector method (b) above)
will be basically the seme. The distances separating the points (the
generalised distances) should theoretically be exactly the sames
however, this i1s unlikely to be the case in practice due to the
accumilation of different rounding=-off errors in the calculations
during each method,

The two techniques are thus two dift'erent methods for calculating
the same relationchips between the variocus groups. In the one case

( generalized distance technique) the noinbts are computed and the axes
or framework of reference inserted by inspection, whereas in the
other case (canonical variates techngiue) the ;xes are computed and
the points plotted relative to them, Utilising the same data, the
same results should be achieved by both methods, the distribution
of points and the distances between them being identieal in theory.
Howsver, as pointed out above this 1s in fact not the case in practice

due to the accumulation of different rounding-~off errors.
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Both these methods have been used in the precent works the
graphical method 1s perhaps the more difficult owing to the
complexity of the graphs and the difficulty both of drawing and
interpreting them,

e) Observations ‘on living worns.

The object of these experiments was to ascertain the sequence
of events preceding and during the formation of the eggshell and its
subsequent shaping within the ootype in order to obtain a better
understanding of the structures involved and their functional
relationships,

In the initial work, a mixture of equal parts of
sterile horse serum (Wellcome No. 5) and Tyrode solution was
used as medium for maintaining live excised worms for short
periods. Penicillin (erystalline sodium penicillin G"Crystaped
Glaxo) and streptomycin (streptomycin sulphate Glaxo, for
intrathecal injection) were added to the basic medium &s
antibiotics such that the final concentrations were 1,250 i,u.
and 2,500 i.,u, respectively per ml. of medium, The latter was
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sterilised by Seitz filtration and stored overnight at

37° Ceo in a waterbath as a test for storility. Approzimately

5 mle of sterile modium t.ere transferrcd asceptically to sterile
Carrel flasks. A hoet animal wes then lililed, and worms
recovercd manually- from the mesentoric veins utilisin: all

the usual preczutious to ensure siteriliiy. After a brief

Hash in sterile Tyrode~antibiotic solution, 3 peirs of undamaged
worms were trausferred to cach Carrcl {lack. The {lasks were
cloged with sterile serum vial seals, scaled with wax, incubated

o . . . . o .
at 37 Ce in ihe water-bath &znd cramined daily.

It is usual in in vitro culiure oxperiments 4o rTock
or rolate the vessels and to change the mediun frequently (ox
use a congstant flow device) in order to kocp the body of whe
vorm in contact with fresh medium, thuc cusuring the removal'
of waste producic and a good supply of uubtrients. However, in
the preaocnt worl: the apparatus necessary for this was not

avellablce.

iorc recontly, individual females have been studicd
using tcmporary nounte ou well slides and a wara ctage. Normal
saline solution, Yyrode's solution and mcdium 199 (Glaxo) pre—

. o . \
viously warmed to 37 C. were uscd as mounting media. By these
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mothods microscopic obcervation wes poccible atbt & wuch higher
nagnification (400 and 6CU diamcters) than was possible using

the Carrcl {laslko,.






SECTION 4 -~ n.LUlie.
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BUTGULTS,

a) Anatomy and Histology of the fomalo renitsl apoaratus.

In the schislosomes, the ocotype is the site of actual
shell Cormation and shaping of the cgn cnd a2 knowledge of iis
structure and the relntionships of the uwucts and zlands
asgociated with it ic of obviove importonce in an investization
of egs shape (Fige 6a, 77)e The ducts ccusist of the oviduct,
alonz which ova are passed Troa the ovary towards the ootyve,
and the vitelline duet which conveys the vitelline material
from the vitcllaria in the nosterior resion of the body towerds
the ootypes These tvio ducts unitc just posterior to the cotype
end enter it postericrly as a common ducts UYhe glands ascociated
with tho oolype consist of .lchlis! glond ourrounding the oo-
vitelline duct and the gleadular cclls lining the muscular

ootype wells,.

The wost detniled and comprchensive account of the
anatomy of the schistosomes parasiticing man has been given by
Loosa (1895). Subseguenily Gounert (1955a and 1955b) has
otendod and amplified Looss's nonozraph with spccial ref-~rmnce
to the gnatomy of the femnle gonital system of 5. mansoni rud

S

the relationahivnes of the various organs ic the formation of
T &

the cgos characteristic ol tho species. Stephenson (1947)



et

-

mure 6a. -

Seai-diagrannatic representation

of an adult feamale 3. hacanatobium.
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has described the anatomy and especially a series of
histo=chemical tests on structures connected with egg

fermation in Fasciola hepatica.

Ovary.

The ovary of S, haematobium 1s comparatively large,
measuring about 450 = 500 p long by 130 |, wide, and is
circular in transverse section (Plates 1a, 2a, and 2b, pages
80 & 82), It lies immediately anterior to the junction of the
lateral gut caeca, at about the end of the anterior two thirds
of the body length, l.e. it is more posterior in position than
in S, mangsoni. The ovary lies dorsally with the gut caeca on
either side in a ventro-lateral position, The ovary is slightly
spirally wound, and i8 of more or less uniform diameter through-
out its length. It appears to be surrounded by a small but
discrete layer of circular muscle fibres, Ova are budded off
from the germinal epithelium lining the ovary, especially at
the anterior end, and gradually pass down the central "lumen"
towards the posterior, where the oviduct originates, The ova

measure about 26, long.

Oviduct :
lying
There is a single duct leading from the ovary, leeding



be

Longitudinal scction of a female

Se haemstobium throuzh the oviduct

and ovarye. Bouin and laszon, X 570.
Lonzitudinal section of a fcuaale

Je haemoiobium through the cotync,

oviduct and oc-vitellinc duct.

Bouin and l.asson, X 420.
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Platc 2. a. Transverse section through the ovary

of 2 female 5. hacmatobiun,.

Bouin and haenmatoxylin, £ 270.

be Jransversc sccbion throuzh the ovary of

a female S, haematobiun,.

Bouin and .lazzon, A 310,
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et the posterior crnd of the nuterior two thirds of the bedy

to the exterior, immedlatel-r posterior to the vontral sucker.
This duct acts in turn as oviduct, reccptaculum seminis, ootype,
vagine anl uterus. I{ receives sccrctions fron various glends
and also the countents of the vitolline duct, which runs from
the vitellome in the posterior third of the body end joins the
main duct immediately posterior to the ootype. 'The uteline
portlon of the main duet ic more or lesc straight and is nov

convoluted as in many trematodes,

The oviduet is a ciliated tube gbout 20 - 25 /u wide,
and load: from the ovary in atbt first a pesterior ~nmd then an
anterior dircctions The passage of ova fron the ovary into the
duct is controlled by a sphincter muscle or ampulle (Plate 1,
pace €0). Shortly after the oviduct leavesithe ovary it dilates
somewhat, functioning as a receptaculum cominisc (%here beins
no distinet structure), {Plate la, poge €0°. Thic region
contains numerous cpermatezoa, lying vith their ro%her spindle-
nhaped hesds against the wall of the receptabulum., As already
stated, ilic oviduet counsists of thin, alioot mombraunous
ciliated collse The purpose of thesc e¢ilia romains obscurcs
it wonld gonear that ova ere fertilized in the recceptaculun
and are passed dovm tho oviduct by peristaltic contractions

in the letters The (so-called) cilia may aect as a type of
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valve, allowing the spermatozoa to pess along the oviduct
towards the ovary bul prohibiting their return towards the
ootype. L Gonmert (1955a) poiniz ocut, .i¢ cilia always
appecar to be directcd towards ithe ovaryy hLe suggests that

a charge in the dircction ol ihc beal of the cilia may occur,
at onc nmoment passing egzs towards the ocotype and at another
beating in the opposite direclion, passing sper.aatozoa to she
receeptaoulume. lHoviever, as described on Page 159 oocytes and
spernatosoa are moved back and forih too rapidly for cilia
alonee Ii Secms morc likely that they zet as a type of valve
.or barfle to the cpermatozoa. The oviducti runs laterally o
“he ovarr towardes the anterior, and joing the vitelline duch

tnlerior to the ovary.

Vitelloria and vitelline duct.

In S. hocmatobium the vitellaria arc nore posterior

in position than is tho casc with S. mansoni, lying in the
posterior third of {ho body. ‘Thic reslon is generally sgcuavhat
Lbroadcr than the anterior (uterinc) poriions The vitellins
duct rons anteriorly and lies al first vontral to the posterior
out oppendix and then ventrally to the ovary. Yl vitelliuve
duet ruas along a rather winding courdce and joins the ovidveth

r

just poaterior to the ociypoe. The viitclline cells are pacsed

by peristalsis in growns alons the vitelline ducie They countain
[ &] " ~ Y
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a conspicuous nucleus and numerous, darkly staining disecrete
granules, the shell granules or globules, Immediately prior
to Joining the oviduct, the lumen of the vitelline duct becomes
much narrower and the duct wall much thicker, and appears to

control the release of vitelline cells, (Plate 1b, Page 80).

Qovitelline duct and ootype.
The oviduct and vitelline duct joln in the centre

of the female body, immediately posterior to the oootype itself
and directly in line with it, rather than posterioeventrally

as in S, mangoni (Plage 1b, page 80),  This difference is of
conslderable importance as 1t affects the position and shape |
of the spine of the egg, as will be shown later. The oovitellins
duct is short as in S, mansoni, and its point of entry into the
ootype 1s guarded by two cells with very conspicuous nuclei,
protruding into the lumen of the duct (Plate 1b, Page 80). These
cells are thus able to seal the ootype off from the rest of the
oovitelline duct, The ducts of Mehlis's gland discharge

into the lumen of the oovitelline duct between the nuclear

valve and ootype proper (the central chamber of Stephenson);
Mehlis! gland itself surrounds this reglon (Plage 1b, Page 80).

In the schistosomes, the ootype 1s the site of actual



shell formotion end sheping, in contrast to Stephenson's (1947)
conclusions for Fasciola, which Gonnert (1955b) believes tc be
ineorrcet. However, Henunwntha Reo (165%92) is in agreement with
~tephengsoun's conclugiou. ..o Oouncrt otztos (loc. cit.), the
cotypo haos important funcitions in both the formation end tlhe

gharing of tho eggshell in the cchistosomes.

The wall of the ootype consigts of cubical to
columnar c¢pithelial cells with large, darkly steining nuclei,
The actual size cnd shano of {the cellr, as well as thelr detailed
gtructurc, vary accordinz to the slagc of formation of the
o oeshell within tho ootype. Therc appear to be protoplesmic
ceuncetvions between these ceils end the cvrroundins parenchyma
of the body. The oolype epithclial cells were shevm 1o be
arronzed in 3 fields by Gonnert (19%3a), ond to have a glandular
funciion with a definite rhythme The various stages in this
rhythm arc described by Gonnert (loce cite) and have all been
observed in the presenl work. Cocytcs cnd vitelline cells viere
present in geversl of the ooiypes exanined, and in one cace
colourlc:n or lightly sctaining globules were vicible betwecn
the carly ezgshcll and the ootype cells. These appear tn contaln
the discherped sceretions of ithe apocrine cells of the oolypes

the cclle thomselves aoproximeoted to the "exfrusion phace' as
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desoribed by Gonnert (1955&). Although 1he present material
has not been investigeted with specific reference to the nature
of the ootype epithelial cells, all the appearances of the

sections agree with Gomnert's thebries for S. maonsoni.

The ootype discharges the newly formed egg into the
uterus, vhence it pesses to the exterior via the genital pore,
posterior to the ventral sucker, The connection between the
ootype and uterus is again controlled by a sphincter muscle and
the pamsage of vitelline cells and ococytes into the uterus is
prevented by its closure (Plate 3a and b, pagc 89). However,
aggrogations of vitelline cells without any consplouocus eggshell
have ogoasionally been observed in the uterus, These are dis-

cussed in greater detall subsequently.

The only structure observed iu the present material
and not mentioned by Gommert (1955a) is a distinct, quite large
granular body, situated dorsally to the oo=vitelline duct and
between the ootype and ilehlis' gland (Plate 4a & b, and 5, pages
91 & 93). This is presumably involved in the formation of the

egg proper, but its detailed structure and function are obsours.

The origin of the shape of the ezz.

The ootype has been shown above to be the site of



Plate 3+ a. Longitudinal section of a femals

S. haematobium through the ootype

and uterus,.
Susa and fasson, X 390,
be Longitudinal seotion of a femals

S, haematobium through the cotypse

and uterus.

[

Susa and :‘assony, X 370.
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Plate 4.

e

b,

Transverss section of a female

S. haematobium through dehlis' gland.

Bouin and liasson, X 400.
Enlargement of the central area of the

above seotion, X TOO,
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Plate 5. Longitudinal section of the ootype and

ilehlis' gland of a femals 3. haematobium.
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formation and shaping of the egge All e;3s produced by one

female 5, haematobium Cand hence produced in one ootype) are

similar, within limits. Although not a hard inflexible structure,
the ocotype must obviously have the capacity of returning to its
basic shape after the passage of a fully formed egg into the
uterus. A numbser of females producing slightly abnormally

shaped eg;s have been observed, and all the eggs in the uterus
have shown the same abnormality (e.g. a curvature of the

aspinose end). Vithin limits, the dimcusions (length, breadth,
etcs ) of the ezzs of any one female are similar, but do in fact
vary by as much as 15% in some cases (see Figs. 6, T, & 8, Dp.

96, 98 & 100),.
The spine is formed in the junction of the oo=
vitelline duct with the ootype, which is also lined by an epi-

thelium similar to that in the ootype.

This variation from egg to egg is probably due solely

to the slightly plastic nature of the ootype.

Production of malformed egzs.

Of three hamsters killed after 3rd passage (Nos. 23,

26 and 32), all appeared to have an abnormal infection of S.



Figure 6. = Variation in eggs from a single worm,
A -~ eggs from hamster T = liver,

B - eggs from hamster 42 - intestine.
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Figure 7. = Variation in eggs from a single host
(; hamster)

A =« from the liver.

B = from the intestine.
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Figure 8. « Variation in egg.-shape.
A = Hamster 12, liver eggs.
B = Hamster 12, intestinal egzs.
C. Hamster 58, intestinal wcims.
De llouse 19, liver eggs.
E. House 21, liver ezgs.
F. iouse 19, intestinal eggs.

G, ilouse 27, intestinal worms.
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haematobium. In one case (No. 32) the infection, though
relatively heavy (some 43 worms were recovered after an
initial dose of 300 cercariae, ie.e. a recovery of 14.3%)
consisted entirely of male worms, and all of these were
recovercd from the liver, as is usual in such cases with
Se. mansoni at least. The males all appeared to be much
more active than usual, and some were still quite active
in saline some 6 hours after the liver had been removed

Trom the host.

Of the two mixed infections, the remaricable feature
waa tho great abnormality of the eggs in othesrwise apparently
normal females, The eggs were much smaller, of very irregular
size, and not of a "typical" shape (Fig. 9. page 103). The
shell appeared to be more granular and wuch thinner than
usual = there was a considerable amount of distortion of
ezggshells under conditions (such as the mounting medium)
which have not previously been found to cause any distortion
at alle The egg contents were of a different appearance also =
there did not appear to be any eocyte present, and there was
generally no internal organization at all, especially with
more badly malformed eggse The contents appeared to be

exclusively granular, and fairly dark in colour. There was



Figure 9. =~ lialformed eggs in liver worms from

Hams‘ker 26.
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often a considerable amount of this granular material lying
free in the uteri of the worms, a feature which has not been
encountered beforey the eggs themselves were variable in

size and shape, though most were relatively longer then usual
and of a more uniform diametery, and all were small, some being
only 60 /u long by 20 /u wide. Some appeared to be almost as
wide as long, and almost, if not all, had a spine in the usual
terminal position, and of approximately the usual dimensions.
These malformed eggs wers often common in these two infections,
but perhaps did not occur in greater nmumbers than the round

ezg5s. Other worms were completely egsless.

b) Statistics.

As no apparent differences between the sirains could
be discerned by straightforward visual observations of the eggs
and adult stages of the parasite, a detailed examination of the
eggs was made using statistical methods. A summary of the oegz

measurements is given in Table 4, pages105. ~ 109

The caleulation of mean squares and productis of a
sub-gample of 236 eggs was carried out by lir. ifs J. R. Healy
at Rothamsted, and the results are given in Table 5, page 140,
The sub=sample comprised at least two eggs from each individual

sample. Theso mean squares and products were then used by the



Table 4 = summény of eprr measurancnis.

traiﬁ

G
Ghana

Figoria

Shambat

6.00

- A1l measurements ‘are in microns.

B 5
R R
¢ £28 22 % | o
£ > P . . N . . -
fﬂl g o™ " S 2.1 - T £b 1) i:lmn:;. T S .8 .
.1 feeoes - 4 - 529 132,25 . 243 - 60475 251 70425 g Ta0 -
2 - liver i.ssue 20 . 2304 115.20 ° 906  45.30 1357 - 67.85 154 ToT
-2 gutb tissue 19 2089 109.95 823 43,31 1200 .- 63.16 151 T 7495
2. gut uterus 72 7337 - 102,607 2719 37476 - 4166 57,86 515 - 7499
3  faeces - 1 126 . 126400 . 47 A7.00 650 $5.00 10 10,00
116 12435 107,20 4738 40404 7050 65,94 918 Te91
4  faeces . = 14 1393 . 99.50 621 43,36 122 51.57. 84 6400
5 faeces - - 2 222 - 111.00 99 49450 . e 58,000 T 77 3,50,
; 1¢ 1615 100694 720 45,00 . b38 52,57 99X 569
"6 liver - - ST e : ,
T S uterus 16 1496 03.50 . 650 41,25 VTR - 48,25 96
5 liver ‘tiscue 151 16070 106,42 6692 . 44432 8915 - 59,05 1070 . 7.09
€ . liver utorus 81 1356 20,81 2174 34.85 3060 . 40.89 .353 . 4.42
8 _-sut tisoue 208 21868 ;. . 105,13 9016 43,35 12171 58.51 -1529. - Te35.
£ gut uterus o7 8602 . BB.6E 3149 32,46, 4625 4T.68 449" 463
9  liver tissue 199 20638 . 103,71 -8118° 40,79 - 11810 53435 1058 5«32
9. liver uterus = 33 = .3164 C 954687 1142 - 34,61 T 1830 © 55,70 134 4,05
9 " gut  tiesue 100 10896 108.96 4490 4490 €250 £2.50 656 6,56 .
10 liver tissue 99 10744 . 108,52 4242 A2.85 | 024 50.85 618 €e24
10 liver uterus 44 4104~ 93,27 . 1518 34.5¢ 2249 ‘51,11 253 . 5,86
10 .zut . tiscus 13 1464 112,61 588 - 45.%3 Go6 63.54  T6 7 . 555
11 liver tissue 99 10861 109,71 4215 . 42,57, 5016 53.75 625 6e31
11l: ' liver uterus 106 10098 © 95,26 . 3648 34.41* 5955 52,40 667 629
11  gut tissue 100 10208 -102.,08 - 4016 - 40.16 5470 54,707 595 995"
12 live* . tiosue 100 10676 106,76 4398 43,92 o0 60.88 632 6432
12 liver - uterus .5 " 459 91.80 163 . 32,60 235 . 47.00 24 = ' 4.80
"12. gut ¢ tissuc 100 10916 109,16 4296 = 42,96 €092 €0.02 638 6436
1} - liver © tissus 100 10836 108,35 4192 41.92 BRO . SE.E0 595 595
13 "t 0 tiscue 100 10674 106,74 4150  41.50 5752 ° 5T.52 586 5,86
13 'gut - uterus 346 34296 99.12 . 12158 35.14 . 18485 | 53.42 1624 4,70 -
14 Tiver - uterus 5 . 1782 118,80 582 38,80 . 954 63.60 15% 10,20
15 livexr  tissue 38 4462 117.42 1765 46445 2450 64e47 RC3° . 534
15 gut tissue - 4 503 - 125,75 212 53.00 274 (8,50 1y 3.75
: 2238 . 229489 102.54 ‘89038_, 39,7 126410 - 585,45 13257 5¢92 -
1, b, lmax and s are the total measurements, and 1, b, etc. their mean values.
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HEESH :

_4.58.-"

7481 ¢ “

40

o :
.. Q
@
. e
T ﬁn : m‘
ad Lo .~ W ~rd
RO - - A L R T N T T TV
. Caire . 16  liver tissue . 44 - 5156 117.18 2046 - 46.50 27937 63.02. 28 6454
g 16 - liver wuterus 3 . 262 87.33. 102 34.00 126 45033 22 Te 33
16 - gut  tissue. - 50 5866 . '117.32 . 2364  47.28 3015 . 60,30 345" - 6.%0
.16 “gut  wterus - 336 .32333 . 96.23 - 11851 35,27 16852 50,15 1663 . 5.54
17 aut tiosue : 47 5304~ 112,85 2099 44466 2827 6Qs15 - 300 6,38
17 gut  uterus 204 19592 94.19 7309 35,14 © 10190 _ 48.90 999 4.80"
18 liver uterus 1. . %54 54,400 32 32,00 49 49400 5 75,00
16 - gut  utorus .19 1747 91494 621  32.68 886 46,62 . 95 500
19 Mver uterus 65 6298 196,82 2129 32,75 . - 3374 - S5k91 . 464 - Tel4
N9 .gut  uterus - 39 3836 .  98.36 1271 32,59 2022 51,850 277 - Te10 -
. | g12 80488 99.12 29824~ 36,73 - 42124 51804658 - 54T4
Mowm 20 Cgut - utems 19 IM8 92,00 138 B4 M6 49T BT B
. T 21 - Liver & ’ ST ; . : ' - S
_ gut  uternus 13 1474 01,89 661 36,72 62 42.33. 7 63 3450 .
22 I uterus’ - 13 1245 95.77 . 491 37.77 65T 50.54 59 4454
© 23 gut - - utems 26 2546 97492, .- . 917 . 35,27 - 1307 .. 50,27 95 - - 3.65 .
; . 16 "7013 92,28 2807 36,93 - 3672 4831 304 4000
sachdad 24 liver tieswe . 16 2020 126,25 805 50,31 1181 73.81 125
24, liver .utexrus 40 4125 103,12 1675 41.87. . 2372 59.3v 232 . 580
24 gut | -uterus 44 4623 05,07 1741 39,57 . 2669 ~ G60s56 2907 6,59 .
25 ' liver - tissue 5 - 606 121,20 - . 250 50,00 344 .- 68,80 - . 42  B.s0
25 . liver ' uterus - 2 228 114.00 S T4 37.00 138 69,00 © .97 450
"5 gut . uterus 21 2184 104,00 . 814 38,76 1299 61.86. - 94~
26 " 'ldver uterus 49 . - 5137 . 104.84" - 1879 38.35 2941 . 60,02 © 339  6.92.
26 gut - tiesue . 50 6357 - 127.14 . 2476 - 49,52 -~ 3524  T0.48 ° 338 . 676
2% aut utexus, 4 - 397 . 9925 .. 142 35.50 182 45.50, 19 475
27 liver tissue . 20 = 2443 122,15 . 972 4B.60 1397  69.85 139 6.95 -
27 gut  tissue SO 6234 124,68 2483 49,76 3542 - 70484405 5410
27 liver ¢ ) , . L - . L - .
gut . uterus 11 1140  -103,64. . = 428, 38,90 643 . 58:45 86 . | 7,82 -
28  faeces - 9 195 . 132,78, 467 T 51.89 685, T6e44 5 - :
321 36689 114429 © 14211 44,27 - 20920 65.17 - 2193 . 6.3
Hamster totals o o BN T e f'_f o :
" 58 ‘ 3,579 367,639 102.72. 141,338 - .39.49 201,033 56.17 21,421

5,98

——

—
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. o
, Be B . o
o -] [+ B S
A -0 e 2a 3 H
. - Q'B ,glﬂ ‘e a ) . . :
“:\j‘;—q - R a 5? o q.::: \:O; - «f‘o "4' C . Z ) »P é‘l " . ‘i - .‘és .5 B
| sheabat 29 uterus. 4. 12§5h ., 88,21 W6 3ad00 T GBEFT 4TI ey 450
N | " 14 1235 0 88.21 . 476 38,00 646 - 46,15 63 450
‘Gsbeas: . 30 lver uterus 11° 1040 9454 373 33.91 561 5.0 - 54 4.9 .
: 31 lver nuferus 5% 5181 89,33 . 1980 .14 . 2719 A7.91 - 2621 4452
" 31 gut | uterus ' 31 . 2833 01,39 © 1080 34,84 1497 AC.2) 133 4.29 o C
32 lver ‘uterus - ¢ - 562 92467. 219 36,50 . 29% 40433 25 4417 _ S
32 gud uterus . 16- 1471 21,94 - 64 . 138,37 176 45,50 62 4,32 - .

33 lver tiamus | LU0 10857 = 1.5.57 4498 - 44,98 . 5714 57.1% £43 7 6.A3

33 gut . tissus. 15 - - 1712 114.13 . 103 56.13 878 50453 T 4473
34 . liver ticgue - 3 293 . . 9B.93 . D 30,00 - 169 58423 25 G
© 34 gut . uteras . 30 2968 C9Te6T 1265 42,27 1551 51,90 188 6s27
270 26917 . 9%.69 10025 40,09 14230 - 52,70 - 1470 Bad4
Cairo 35 liver tisme - € - 610  101.66 261 4350 324 54,00 42 T.00
C - 35 gut.  tiesue - 1 . 85 05400 35 35,00 - 45 45,00 9 9,00
35 gut uterus 3 256 65433 1068, | 35.33 122 44.00 14 457
36 liver tissue 4 - 401 100,25 0 Y5 T 43,75 0 219 4 54473 24 .0 6400
36 gut wterus- 49 4504 - 91,92 - 1735 - 3Q.4: 22672 AG 18 317 . Gu4T. -
37 ‘livor tisgus . . 4: 407 L 101,15 156 39,00 - 205 51 TR= By A N & T
. 37 1iver uterun 8 792 52,00 285 36,00 396 . 49.50. 66. 8425
37 " gut tiooue . 1 101 101,00 35 38,00 52 52,03 -3l - 11,00
37 aut . wutorus 139 13244 90, 82 5078 35,00 6338 4724 105% 729 .
A8 liver tiscue 11 1074 GTef4" - 452 41,09 - 86T 5l.54 81 Te36°
-3  put tiaouc. . - 1 80 T 006 42 . 42,00 52 52,00 S GG
-39 liver  ticoue . S5O 5422 108,44 2152 A2.04° 29040 53,20 0 231 T AWG2
- 39 gut. tiseus . 49 4959 101,20 - 1912 39,02 2628 57663 235 479
484 45641 - . 94,30 17955 3710 . 24154 494,90 23286 . 3a78
Totala” 24 . T68 13,793 © 96,00 29,256 130,09 "23,030 - 5502 2319 5627
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oo

2,079

2,557

RATS,
f—ﬁi .-3 ;O r; 3] o = r§
b8 ABgEE 8% 20 1 gy g Pl T 2 B
Cairo 40 liver - - tissuc 3105 105.C0 . 35. 35400 55 55.00 6 6,00
- 40 gut”  uterus 79 7437 S4e14 2861 36,21 - 3754 . 4T+52 470 - 5.95
Al -liver wuterus 9% 7865 86043 "3115 34423 4180 45,93 492 © 5.4
.42 liver -uilorus 5% 5095 86435 =~ 2162 - 37.10 2613 44429 - @BT . " 4.86
42 mi wterus 51 4706 92,27 1653 32441 2547 . 49.94 236 1 4463
43 -t - uterus 49, 40626 T G4.41 .7?53 35.98 2389v © 48,75 286 5084
44, liver utorus . .2 - 190 55400, - 18 39,00 T -97 | 48,50 3B 1900
44 gt tiacu 20 2234 11,70 086 44,30 . 1115 55,75 . 158 © 9,00 -
Clotels 352 32,258 964 12,550 35.T4 16,750 4158 1,973 | 5,60
_ : . - MRRIONTS,
Shoabet | 49 liver ‘ ’ o ] - : ) ' ‘
= T dogut uierus 20 0 16927 84460 664 . 33,20 - 862 - 43,10 113 5,65 .
46 . . ulgrum 12 982 - 81.63 418 34.83. 518 . 43.17 62 517 ©
47- . liver utexus 37 3250 88,05 1223 33,19 1660 . . 44.86  178.  4.81
47wt . uterus . 13 1182 90.92 420 - 32,31 578 44,46 52 4,00
T 48 Mver  tloouo < 135 ° 93.87 . 300 . 37,50 © 410 51,25 © 40 - 5,000
48 ot tiscue T 696  99.43 274 - 39.14 366 - 82,28 .37 " 5,28
48 ' sut uterus 96 1844 81.71 3211 33445 4135 43,07 462 - 4.81
49 -liver uterum 1 12 72. © U300 30400 . 39 03900 0 000
ety 9 207 17,621 | €52 1,005 3384 9,187 - 44,38 1,012 . 4.89
o | 4ASTONYS |
Sedxe 50 liver tisewe 2 . 185 92.50 56 4300 .. 100 50,00 T 3.50
o 50  gut . uterus 3 259 6433 107 25.67. 145 48,33 . 15 ° 5,00
51 liver tissue 1 . 9% 96,00 7 41l 41,00 ©. 46 .- AG.00° B | 5,00
'52 liver tigsue 6 551 . 91,83 = 7227. 37.83 265. T 44.17 36, - 6,00
52 . gut: tissue 1 291 . 97,00 = 110 . 36,67 - 162 54,00 | 23 . T.67 .
52 b tterun 43 3663 % . 85419 . 1508 735407 1839‘ 42,77 - 212 . 6.32.
© Tiotals . 6 o 5,045 | 86,95 © 35,04 24405 - 358"

6.17
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TABLE 5. liean Squares and Products: Sub-sample of 236 ezgs.

Length Breadth Lox Spine

Length 1416440 3517.00 3715.20  197.40
476.85 163.15 339.54 13.08

226455 67.96 127429 12.37

252,85 106,00 164.11 277

88.12 15.80 5215 0.72

332,74 T130,11 187.54 .  B8.508

Breadth 1694.20 1721.60 91.00
84477 105.69 7,00

54492 35429 590
76400 T3.92 1,40 -

14.16 9.75 0.34

76460 71.50 7.08

L 1994.,60  96.80
nax 274400 8,08
" 9T.02 4412

122,58 3.38

40.96 1.37

125.99 4,62

Spine . 24.00
8.15

14.59

8. 30

3.84

7465

The order in each coluan is:

a) Between host species.

b) Between parasite strains within host epecies.

¢) Between individual hosts within parasite strains.
d) Between sites within individual hosis.

e) Vithin sites, and

f) Total variation.
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author to carry out analyses of variance and to compare the

host species and the strains of parasites used.

The general symbols used and the methods adopted are as

followsgt~

General symbolss

Totals Yeans
Host species q3 2
Parasite strains L 1-
Samples (animals) A a
Sites 5 E
Grgnd total X X
Source Sum of Degrees of llean ® P
Squares Freedon 3quares
a S (#R) - (xX) 5 T416.40 a/b
b £.(LI) -#(uq) 13 476485 1bv/c
c £(aa) -§LI) 51 226,55 ¢/d
a 2£(s5) -£(Aa) 53 252,85 d/e
6 £(x%) -4(s3) 113 88,12 =

g

£(z%) - (X7) 235 232,74
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Comparison of host species.

Variance of mean (h) of n, values.

- Error variance
n,

In the present circumstances, where the components
of the above analysis of variance arc not of equal status but
each can be regarded as subordinate to the one above it, and
where (moreover) many of the unit cells of the body of data
are unoccupied {e.g. no mice from Ghana), it would be unfair
to use line e (variance within sites) as a measure of random
variation, since this would ignore the large effects of samples
ard strainse TFor each line in the analysis it would be fairer
to use as a measure of random variation the mean square in the
line immediately below it. Thus the variation between host
(line a) will be jud:;od by that within strains (line b), with
13 degrees of freedom. The variance of the differcnce between

two host means will be taken as the sum of their variances, so

v (El - E2) ///,// 52/n1 + 32/h2

Comparison of parasite strains.

that:

The gcatter of means about the seneral mean can be
obtained (in the sun of squares column of table 5, page 110)

by successive addition:
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Se of Se M. DeFe L.3.
Host species $(1h)-(Xx)=37082,00 6 5 T416. 40
Parasite strains with B

in host speocies £(11)-(xx)=43281,0519 9  4809,00

Animals within strains£(Aa)=(Xx)=54385.10 70
Sites within animals %(S8)=(X%)=68236.15 123

Prom this information, the parasite sirains could
be compared as for the host species. However, because of the
irregularities in the data already referred to, this becomes
impracticable, especially in view of the fact that any signifi-
cant differsnces might be attributable to hosts rather than
strains. The difficulty oan be illustrated by turning forward
to Table 17, page 120, Here it would e mislsading to compare
the Shambat mean (based on 2517 eggs from assorted non=human
mammals) with the Xuwait mean (based on only 13 eggs of human
origin). If there were a significant difference it would in
fact be asoribable to hosts rather than strains. Thus, the only
gatisfactory oprocedurse is to follow the analysis of variance

and compare strains within hosts. Thus, (Table 17) it would

be fair to compare Shambat mouse and Cairo mouse. The relevant
measure of random variation would be the third line of the
analysis: "beiween samples within strains" with 51 degrees of

freedomn.
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The results of the analysis of variance are glven
in Tables 6 to 9, pages 115 and 116, and are summarised in
Table 10, pagellé. The results of the comparison of host
species for the three most promising dimensions determined
by the analysis of variance (length, breadth and lmax.) ars
given in Tables 11 to 16, 117 - 119, The results of the
comparison of parasite strains witnin the same host species
(man, hamater and mouse) are given in Tables 17 to 29, pages

120 - 132 for the dimensions length, breadth and lmax'

Although the comparison of host species and parasite
strains using one dimension of the egg at a time revealed sig-
nificant differences in a considerable proportion of the cases,
it was felt that the simultaneous use of all four dimensions
would make the relationships of the groupe even clearer.
Accordingly, the means of each of the groups under study were
calculated (Tables 204, 20B, and 30, peges 123 aud 133). The
canonical vectors (Tables 31 to 35, pages 133-137) were then
used to calculate the generalised distances separating successive
pairs of groups. lodels were constructed illustrating the
relationships of these groups (Fig. 10, page 139) and from
theoe it was evident that there was only one bagic dimension

of variation.
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ANALYSES OF VARTANCE : subsample of 236 egzs.
Table 631 length

Source Sum of Squares D iiean Squares e 2.
a 37082.00 5 T416.40 15,55 < 0.1
b 6199.05 13 476.85 2,10 ¢ 5!
c 11554.05 51 226455 0,89 -
d 13401.05 53 252,85 2.87 40,1
e 995756 113 00,12 -
f 78193.90 235 332,74

Table 7t Breadth

Source  Sum of Squares Dells i“ean Squares i P,
a 8471.00 5 1694.20 10,92 <0,1.
b 1102,01 13 8477 1.54 -
c 2800.92 51 54492 0,72 -
d 4028,00 53 76.C0 5.27 <0.1,
e 16C0,08 113 14416 -
£ 18001.C0 235 76.60

Table 83 L .
—SS = Cmax*

Source Sum of Squares Del's ..ean Squares ', P.
a 9973.00 5 1994.60 T.28 <1,
b 3562400 13 274.00 2.82 <1x
c 4948.02 51 9702 0.79 -
da 6496448 53 122.58 2499 <0,15
e 4628443 113 40,96 -

f 29607.65 235 125.99



Table 9 ¢ Spine

Source Sum of Squares D,F., liean Squares F. T,
a 120,00 5 24,00 2.94 <107
b 105.95 13 8.15 0.56 -
c 744409 51 14.59 1.76 < 5%
a 439450 53 8430 2,16 <041
e 433.92 113 3.84 -
£ 1344.75 235 7485

Table 10 3 Summary of probabilities of compoments of the

analysis beinz dus to chance.

Source Category

a Host species

b Parasite strains
within host species

¢ Seaples (animals)
within strains

d Sites within samples

Lensth Breadth
<0,1,: <0.1;

A

<50 -

<0,1 < 0,1

Lbay Spine

< 1‘/, <1%
<15 -
- < 5/3

<0,1,5 €015

NeB. The lower the valuc of P., the higher thc probability of

distinguishing between the categories.

116.



COAPARISON OF HOST SPECIES.

Table 11 3 Host means = length.

Error variance = 476.85 Dele = 13,

Host species ne 2',1 nean (/-u) Var. of mean.
Hemstar 3579 367639 102.72 0el3
“ouse 168 13793 96,08 0,62
Arviconthis 352 32258 91.64 1.35
“oTionos 207 17621 85.12 2.30
iastomys 58 5045 86498 8.2
lan 380 50509 132.92 1.25

»
Table 12 ¢ "t" tgbls = leangth

Hamater wouge  Arvicanthis licriones ldastemys

117.

0436
0.79
1.16
1.52
2.86
l.12

Jdan

Hamster - 7. 65‘6‘. 1‘,\1 9. 08‘00 1;:

fouse - 3.16415

Arvicanthis -
weriones

sastonys

an

* 1 = difference of means
Sele of difference

11.2840.1: 5,450,
66410, 15 3,0641::
3.72¢1, 1451 =

- 0,57 -

15 25.8140,15
26489201155
2546440, 155
2504240415
14.91<0,15



Table 13 : Host means = brzadth

Trror variance = 84.77

Host species  n, Z'b

Hemster 3579 141338
ouse 768 29256
Jrviconthis 352 12580
..eriones 207 7005
“astonys 58 2079
can 380 21517

Table 14 : "t" {able -~ breadth

D.F. = 13.

39449
38409
35474
33.84
35.84
56462

Hanoter Mouse  Arvicanthis

0.024
0.11
0.24
Q.41
1.46
0.22

Jeriones.

mean (/u) var. of moan

fasvony

~
R

Hamster - 3.784Y) 7.2940,1,:
‘iouse - 3.98 £17
Lrvicanthig -
Loriones

Iastogzs

;.an

8. 57400 1/:7
5.9040,1 :
243745

2,994,

1.80
0.08

1.46

—

118.

lan
11,4240, 1%
12,1140, 15
13,3040, 1
1440640, 1
10,8240, 15



Table 15 1 Host means = lm

aXe

Trror variance = 274.C0

D.Fa = 13

119.

Zan

5¢510, 1% 146170, 15

Host species n, o mean(/u)var. of mean 3.l
Hamster 3579 201033 56.17 0.076 0.87
ifouse 768 39030 50.82 0,36 0,60
Srvicanthis 352 16750 47.38 0. 78 0.88
L.eriones 207 9187 44,38 1,32 1,15
~astomya 58 2557 44.09 4.72 2.17
“an 380 26321 69.26 0,72 0.85
Table 16 3 "t'" table = 1maz.

Hamster wouse  Arvicantnis .leriones . lastcays
Hamstor -  8,11<0,1,. 9.4540.1,5  949940,15
louse - 321 &1y 449940,1. 3.00<2.
isrvicanthis - 207 = 1,40 =
.eriones - 0el2 =
sagtomys -

Lan

17.73‘0.1;
17.9340, 1
1744040, 15
10,80<0,1..



COMPARISON OF .\RASITE STRAINS

Table 17 : length

Locality Hangter Mouse Arvicanthis  Meriocnes Mastomys Man

Ghana 12435 (116) 6237 (46)

Nigeria 1615 (16) 6751 (50)

Shambat 229489 (2238) 1235 (14) 17621 (207)

Cairo 80488 (812) 45641 (484) 32258 (352) 5045 (58) 12762 (95)

Kisumu 7013 (76)

Baghdad 36689 (321) 4603 (34)

Cabemba. 26917 (270)

Dirgag 10875 (79)

Said ‘ : TS5 (63)

Kuwait 1536 (13)
straing within 5 2 | 6

hosts Total defe = 13

The total lengths are in microns, and the figures in brackets refer to the sample size.

*ocl



CO.IPARILCH OF PARsOITD SuRATNS.

Table 15 : breadth.

localivy Hamster Ziouse
Ghona 4738 (116)

Ficeria 720 (16)

Shambal 89033 (2238) 416 (14)
Cairo 29824 (812) 17955 (484)
i ey 2807 (76)

Baghdad 14211 (321)

Cabeuba 10825 (2170)
Jirges

Soid

{uvalt

DeZ's Dbotuween 5 2

straing within

hocts

Arvicanthis ..oriones -.astomya

7005 (207)
12580 (352)

Total dofe =

2079 (56):

ol Qlle
2718 (46)
2918 (50)

5189 (95)

2034 (34)

5600 (79)
3462 (63)
587 (13)

6
13

The total lenzths are in microns, and the fipures in brackets refer to the sample cize.

*ToT



CC.iPART SO O P.RASITT LTRATIS.

Table 19 : 1

Male
Locality Hansgter .iouse arvicanthis .crionea Lastomys Jlan
Ghana 7069 (116) 3346 (48)
Tigeria 538 (16) 3650 (50)
Shembat 126410 (2238) 646 (14) 9187 (207)
Cairo 42124 (812) 24154 (484) 16750 (352) 2557 (58) 6575 (95)

Zisum 3672 (76)

Baghdad 20920  (321) 2339 (34)
Cabemba 14230 (270)

Jirgag 5600 (79)
Said 3932 (63)
Kuwait 819 (13)
Dei's betweoa

atrains with- 5 2 6

in hosts Total defe = 13

The total lensths are in microns, and the fizures in brackets rofer to the sample cize

‘6T



Table 20 3 Hean dimensions. (microns)

A

-9

an

1.
2.
3.
4e
5e
be
Te

B

1.
2.
3.
4o
5e
6

1.
2.

3.

Strain
Ghana
Higeria
Catro
Baghdad
Dirrag
Said

Huwait

Hemsters

Strain
Ghana
Jiigeria
Shambat
Cairo
Xisumu

Bashdad

“lce

1L -
oulglin

Shambav

Cairo

Cabeoxzba

Lenzth
135459
135,02
134.34
135.38
137.66
122,94
118,15

53.21
94430
99469

b

3readth
59.09
5836
54462
59.82
58434
54495
45015

Breadth
40.84
45,00
39.78
36673
36493
44427

Dreadti
34400

37.10

40,09

L
maXe
71274
T320
69.21
10026
70.89
62,41

63400

Lm aXe
46414
49.90
52.70

Spine
6.80
6.92
T.07
1.62
7.99
698
T.31

Spine
4450
6.79
5.44

123.
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Table 21

okl

Strain means = nan - lensih

Trror variance = 226,55 DuFs = 51
Strain n, £ nean { /u) var. of SeTe
mean
Chana 44 6237 135,59 4492 2.22
vigeria 50 6751 135,02 4e53 2.13
Zairo 95 12762 134.34 2,36 1.54
Jiras 79 10875 137,66 2,37 1.69
Said .63 1745 122.94 3459 1.89
Tuwait 13 1536 118,15 7.43 2,72
it $abls
o) '\-‘;
q o 5 3 *:1
g sﬂ‘; ~ :. ' o] &
g 7 s g ke B 5
I Q M 2 . e .
Ghana - 0,16 = Oed6 = 0,06 = 0,74 = 4e3340,1,. 4.9740.1,:
Tigeria - 0426 ~ 011 = 0.97 = 4.24<€0,1. 4.89 40,13,
CaiI‘O - 0034 - 1.45 - 4. 67“0‘1,3 5.1? 40.1;
3ashéad - 0u74 = 3894011, 4459 €0.10
Jirzag - 5. T0L0,1. 6,05 40,1
Said - 1.44 -

Xuvaid -
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Table 22

Strain meaus = man = breadin

Lrror variancs = 54.92 DeFe w 51
Strain n, b mean ( a) var, of 3S.x.
/ mean
Ghana 46 2718 59409 1,19 1.09
Nigeric RO 2918 5362 1.10 1.05
Cairo 95 5189 54462 0.50 0.76
Bazhdad 34 2034 59,82 1.61 1.27
Said 63 3462 54495 037 0.93
Hwveoit 13 537 45415 4022 2,05
Htll tab;-e-
3 E 0
g o 8 k: = 3 a .
Ghana : ;48 - 3.36‘1,4 O. 44‘ ‘- 0. 55 - -~ 2.89a:~’ 6.‘31‘0‘ 1;‘4
Migeria - 2.28<1,5 088 = 0,01 =~ 2.42&5 57206 1,5
Cairo - 3.51<0.1;) 3.29¢15 0,27 - 443240, 1,
Baghdad - 0697 =~  3.10<155 6,09<04 175
Dirsaz - 2.71<1,. 5.97<0,1
Said - 4434<0.1,5

Lawait
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Table 23
38 3 A em -
Strain means - man lmax.
“rror variance = 97.02 (max.) DuFem 51
et ' ) ] - W
3train n, iL%nax. Acan (/u) vare of 3.7
mean
Ghana 46 3346 12. 74 2.11 1.45
Fireria 50 3660 T3420 1.94 1.39
Bashdad 34 2389 T0.26 2.05 1,69
Luvaid 13 319 63.C0 T.486 2,73
"4 $able
=l .
[s\] s} iy 42
o o Lo} ] o=
] 3] ] Kl t) =) 3
o Q el fske} 4 ) =
o ] ] [ - [s: =
Ec':f l—'lf [ m o] [ép} . b
Chana = 0427 = 1.99 - l.11 - 1,01 - 5.110‘-0.1,3 3.152‘ 3.,-
Ligeria - 2432655 1,34 = 1,23 - 5.804£0,15 3,33 41,
Cairo - 0652 = 1,12 = 4,25£0,1," 213 4 5,
3ashdad - 0u31 = 2.7540.1,° 2426 < 5,
Dirszas - 5.20€.0,1,) 2,67 & 2,.
Said - 0.19 -

fuwait -
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lgblo 24.

Straln maans = hrastora = lemizih

Crror varimnce = 226455 Jels m H1
Stroin o, 1 mean ( /u.) var. of 3eTe
moan
Chana 116 12436  107.20 1.95 1,29
Miceria 16 1615  100.94 14.15 2,76
doumu 16 7013 92,24 2.98 1.73
Bazhdad 321 16669 114429 0,70 0,54
{1 table
MU 3
s B % ; : :
73 9 o i 2
= B o8 ot o}
5w - ) ‘ & S
Shana = 1e56  3,26¢1,. 5.43<0,1: 6.72¢Q1° 4,34<Q,1,

Hdigeria - 0442 = 0,48 - 2.09 <5 3,471%"

Sheabet - 5e61€0s1" 5,86%0¢15 13.20<0,1,
CaiI‘O bt 3!80‘0.1,: 15. 32<O' 1.1
~ipuzu - 11046‘001,‘

3azhdad -



Straln ooang =

112:207

~2

s
“

nTey
cT

s - bropdth

uuuuuu

Jhang -
sizeria
Shanbat

Coiro

Jaghdad

Irror variance = 54492

D.:". = 51

vare, of mean Gere

n, b mean (/u)

116 4738 40.84 Q.47
16 720 45,00 3043
2238 89033 39.78 0,02
812 29324  36.73 0.68
16 2507 35,93 0.72
321 14211 44427 OelT
& 5 it
1451 = 2,84¢0,17  3459<0, 1,
2.51<1,  4.07<0.1" 3.95<0.1

- 3.63%041,° 3.31<1

- 0.17 =

0,68
1.85
0014
T, 10,82
0.85
0.41

dachlal

[ov e

ol

1

4629
0,39

10, 44<0.1
7.81‘0. 1 -



Table 26

Stroin meons - haosicy -~ 1

Baghdad

Trror variaunce = 97.02 Der'e = 51
Strain n, 1 ax :mean (/u) vare of 3.7
. mean
Ghaua 116 7069 60.94 0.84 0.92
Iigeria 16 838 5237 606 2.46
Shonbat 2228 126410 58443 0.04 0e20
Cairo 812 42124 51,63 0.12 0.35
Houmu 16 3672 48431 1.26 1.13
Bazhdad 321 20920 65617 0430 0.55
N table
a4 -2 3 4 =
Ghana = 3425¢1), 4.T4€041° 9,24¢0.15 8,65¢0,1>  3.95¢0.1,
figeria - 166 = 019 =  1.50 = 5400¢0, 1,
Shembatb - 2.15¢5  7.10<0.1;" 14.9840.1,:
Cairo - 34024, 206454041,
dovan - 1343340.1,"

125.



Yablec 27

earis)

S>train means = mice — lensth

3train

Shambat

Cairo

"t table

Cairo

Cabenba

Trror voriance =
n, 1

14 1235

484 45641

whambat
airo

~ =
"

{

- 1049

226455

mean (/u) var. of

4.2
94430
99.69

D' I.‘-'o = 51

mean

15,18
e 4T
.84

c3

c

)

el

<

&'

2.7741"

447340415

R
Je e

4.02
0.68

0.92

130.
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Zable 28

Strain means - aicc = breadth

Drror variance = 54,92 Ded'e = 51
Strain n, breadth  mean ( m) vur. of  3.3.
/ mean

shambat 14 476 34,00 3692 1.97
Saivo 484 17935 37.10 0.11 0433
Cabemba 270 16825 40,09 0,20 0445
"4 table

> o

2 o G

g A 2

4 d )

2 o] (&)
Shembat - 1.54 3,004
Cairo - 5¢3440.1,°

Cabenba



Tablo 29

Strain means = nmice - 1
max

Error variance = 97,02

Strain n, Mmaxe
Shembat 14 646
Cairo 484 24154
Cabemba 270 14230

"$" table
-+
&3
s a
a hat
5 3
Shambat - le4l -
Cairo -

Cabemba

D.E- = 51

mean (/u) var of
mean

464,14 6.93
49.90 0,20

52,70 0.36

Cabemba

2.43< 2%

3473 <0615

3.E.

2.63
Ne45

0.60

1

2.



Table 30 s Host means (microns)

Length  Breadth L ax. Spine
Hamsters 102.72 39.49 56417 5.98
Mice 96.08 38,09 50,82 6.27
Arvicanthis 91.6/ 35.74 47.58 5.60
Meriones 85412 33.84 4438 4489
Mastomys 86,98 35.84 44,409 6.17

Man 132,92 56,62 69,26 7.06

133.



133A.

Table 31.
Roots of determinantal equation |B - MA| = 0, based

on 180 eggs from Hamsters and Meriones.

Root % of total information
contributed by each dimension
200.5557 38.08
161.8283 30.73
111.5067 21.17
52,7140 10,01

From the above table, it i3 evident that length is
the most important dimension, contributing approximately
38% of the total information. The canonical variates do
not correspond simply to the four original measurements.
Each variate is generated by one of the four roots, i.e. the
vector X (Table 31A, page 133B) is generated by the root
200,5557, vector Y is generated by root 161.8233 etec.



133B.
Table 31A.

Values of canonical vectors derived from the roots of the determinantal
equation |B - )\Al,' = 0 (Table 31, page 133A), and based on 180 eggs

from Hamsters and Meriones.

Vector
Relative weights of X b4 v/ 0
m‘e&dth +0.5022 -0.8137 "‘0.5474 +0.1289
Lmax -0,0270 +0,2307 ~0,0188 +1.0000
Spine -0,2358 +1,0000 +1,0000  ~0.6120

The vectors are orthogonal in the space defined by the pooled
information matrix, but are wnlikely to be orthogonal in Euclidean
space, Thus the sum of products is not necessarily zero in Fuclidean
gpace, and the failure of such a cross-product test for orthogonality
in Euclidean space does not necessarily indicate non-orthogonality in
the proper space occupied by the vectors. A cross-product test is
not available for operation on vectors expressed in Euelidean space
(as above) to test whether or not they are orthogonal in their owm
proper space.

The vectors in the above table are evaluated in Tables 37 to 39

inclusive and the results expressed graphically on pages 1.5, 147 and 149.



134

Table 32 s Generalised distances.

Hosta.

Mouse Hamster 6480
Arvicanthis Hamster 12,65
Meriones Hamster 20,03
Mastomys Hamster 17.10
Man Hamster 33.73
Man Mastomys 51.77
Man Merione 54,.20
Man Arvicanthis 46.80
Man Mouse .73
Arvicanthis Mouse 547
Arvicanthig Meriones 725

riones Mouse 12.7
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Table 33 Generalised distances between strains,

Ghana
Ghana
Nigeria
Ghana
Nigeria
Baghdad
Baghdad
Cairo
Ghana
Baghdad

Cairo

Dirgag
Kuwait
Kuwait
Kuwait

Nigeria
Caliro
Cairo
Baghdad
Baghdad
Cairo
Dirgag
Dirgag
Dirgag
Said

Said
Said
Nigeria
Baghdad
Cairo

0,63
- 1.67
- 0,33
- 2,38
- 287
- 3.7

1.34

3.52

1.82

14.21

11.20
15.93
13,89
13,51
17.66



Table 3, Generalised distances between strains,

Henigtersd.
Baghdad

Ghana
Baghdad
Cairo
Cairo
Baghdad
Baghdad
Shambat
Shambat
Kisum
Kisum
Nigeria
Nigeria
Baghdad
Ghana

Cairo

Nigeria
Nigeria
Ghana
Shambat
Shambat
Ghana
Nigeria
Kisum
Cairo
Ghana
Kisumu
Cairo
Kisuma

Shambat

18.47

1.52
13.23
11.36
466
13.74
7.55
6,40
12.25
679
18.35
10.05
645
26405
6410

136,



Table 35 Generalised distances between

strains,

Man = Hamsters,

Hamgters

Baghdad
Baghdad
Kisum
Ghana
Baghdad
Shambat

Kuwait
Dirgag
Kuwait
Sald
Said
Ghana

3476
25,76
29.47
14,60

3400
37.28

137.



"izure 10s = Photegrarh of 2-dimsnsional models
showins the relsiionshins of the host

ppocices and the pomasite sirains.
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The X, Y, and Z coordinates were also calculated
for eggs from one worm, for eggs from worms from one site
within a single host, and for eggs from different sites
within different hosts, The results of these calculations
are given in Tables 37 to 39, pages 141, 142 and 143, and
the graphs on pages 145, 147 and 149,

c) Besults of chservations on living worms.

The object of these experiments was to ascertain the
sequence of events preceding and during the formation of
the egg shell and its shaping within the ootype in order
to get a better understanding of the structures involved and
their functional relationships,

lat_exveriment.

Culture flasks were set up as described (pages 70 and T1)
but only with 100,000 i,u. (instead of 150,000 i.,u,) of
streptomycin per 30 ml, of medium giving a final concentration
of 3,333 i,u. per ml, instead of 5,000 i,u,
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Table 37 -~ co~ordinates for Graph 1

Variations {rom ezg to ez (1 worm = .louse 27 = intestine)

X Y 2z 0
102 - 13 26 1
101 - 10 27 3
100 - 8 26 6
97 - 10 25 9
9 - 8 25 6
99 - 9 25 10”
98 - 1 27 8
96 - 7 26 5
99 - 6 26 9
101 - 5 27 5
98 - 7 25 4
96 - 1 26 4
96 - 10 28 s
101 - 7 25 8
101 - 10 25 5
93 - 6 27 2
96 - 6 28 2
94 - 8 25 3
101 - 8 25 2
98 - 4 25 6
99 - 4 29 5
95 - 5 25 5
95 - 8 26 2
101 - 10 27 4
104 -1 27 5
100 - 8 28 i
98 - 9 24 T
- 101 - 7 24 1
94 - 6 24 T
93 - 1 25 8
98 - 6 26 6
105 - 4 26 10
102 - 6 25 10



Table 38 - co-ordinates for Graph 2.

Variations from worm to worm (Hamster 42 = gut)

X Y 4 0
106 - 3 23 3
118 - T 26 1
101 - T 21 5
106 - 10 23 >
108 - T 24 «10
111 - 6 26 «05
111 - 8 25 1
110 - 10 25 009
119 - 2 29 - -54
118 - 5 28 1
102 - 10 23 1
118 - 9 2 1
111 - 5 27 10
119 - 5 25 >
114 -1 24 4
109 - 5 25 - -352
112 - 9 24 2
113 -7 24 6
121 - 5 26 5
102 - 11 22 2
111 - 1 24 o425
113 - 9 27 1
110 - 8 23 2
109 - 6 25 2
109 - 14 26 2
117 - 3 22 4
107 - 10 23 403
110 - 11 25 - 433
102 - 9 23 2
118 - 6 3 1
109 - 9 25 1
108 - 9 25 1
107 - 10 23 6
114 - 10 27 2

96 - 14 23 2
108 - 4 25 2
112 - 1 25 +015
109 - 10 24 1
111 - 4 27 -2
107 - 1 24 5
117 - 8B 2/ 2
116 - 3 31 « 578
113 - 4 24 4
112 - ¢ . 3
109 - 8 23 47
112 - .8 24 2
110 - 8 3 4

142,



1430 (a)

Table 39 = co=-ordinatesz Tor Graph 3

Varieition in /58 (Hemgiors = liver vorss)

X 7 % 0
106 -9 23 4
111 - T 23 8
108 -1 25 4
110 -6 25 4
106 -7 23 1
134 -3 31 2
110 - 4 25 2
102 -1 26 0.278
107 -5 22 2

Variation in eggs (Hamsters = intesiinal vorns)

112 -4 25 1
111 -3 25 2
109 - 9 24 2
106 -1 23 1
109 - 12 26 5
103 -7 23 4
114 -8 24 4
Varizcbion in o.zs ((fice = liver voras)

114 -5 23 -1
109 -1 24 4
104 -9 23 4
109 - 10 24 4

Varistion in c:z3 ((licc - intestinal oraz)

105 -7 25 1
101 -7 25 3
101 - 10 24 2
103 -9 23 3
107 -9 24 3
109 - 12 26 3
110 - 4025 24 6
107 -9 26 04188



13 (b),

Table 39 (Contd) = co=ordinates for Graph 3

Variation in eggs (Mastomys - liver worms)

X Y / 0

81 -1 23 1
Variation in eggs (Mastduys - intestinal worms)

101 -9 25 6
100 -9 25 .138

Variation in eggs (Arvicanthid - liver worms)

101 -8 24
102 -12 25
13 -9 25

3

2

6
Variation in eggs (Arvicanthig - intestinal werms)

110 -9 26 «390
106 -7 23 4
110 -8 26 1

Variation in eggs (Merioned - liver worms) . °
86 -13 16 . 6

Variation in eggs (Meriones - intestinal worms)

96 -9 23 3
104 -9 25 3



Graph 1., — Variation in eggs from one worm =

(Mouse 27, intestinel worm).
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graph 2. - Variation in eggs from worm to worm -

(Hamster 42, intestinal wozms).
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Oraph No, 3. = Variation in eggs from differens
hosts and different sites within

a hOBt‘o
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The following day, all the worms appeared healthy and were
quite active, The females m rticularly were apparently feeding
actively as seen by movements of the pharynx and oral sucker,
although most pairs of worms had separated. Egg laying was seen
to occur in several females, the eggs being moved forwards along
the uterus by peristaltic contractions, followed by the return of
the eggs to almost the same péint in the uterus by a reflex wave
or reverse peristalsis, Eggs were lald in groups of six or so,
followed after a short interval by further waves of peristaltiec
ocontractions in the uterus, Muscular contractions and movements
of the gut contents were also frequently observed, and it was
noticed that the contents of the anterior of one gut caecum would
often be passed into the other in a flowing motion,

Five days after the flasks were set up, the worms were observed
to have changed to a brownish colour and were very sluggish and
ingetive, The worms appeared to be somewhat shrunken in sisze,
with numerous blister-like protuberances along the cuticle. There
were few or no paristaltic movements observable in the body, only

occasional very sluggish general body movement, Regions of apparent

muscle tetamis were apparent, espscially in the females., Contami-
nation of the cultures was apparent, fungal growths and probably
bacteria being evident, The experiment
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was terminated at this stage; at no time was egg formation
observed, possibly because of the excessive contamination of

the cultures with metabolic products, plus fungl and bacteria.

This experiment was repeated several times with essen—
tially the same results. It did not appear possible to maintain
the schistosomes in the serum/Tyrode solution for longer than

about four or five days using these methods.

It was not possible to examine the cultures for fong
periods without the use of a warm stage to maintrin the incuba=-
tion temperature, nor to observe the actual formation of the ezgs,
becmuse the depth of the Carrel flasks prohibited the use of the
high magnifications essential for this, a magnification of some

80 diameters being the limit.

In an attempt to overcome these difficulties using a
warm stage at 37° Ce 1ndividual females were‘examined in well
slides under high power (480 diametars), using normal saline
solution, Tyrode's solution and some oui~dated medium 199 of
iiorgan and Parker, marketed by Messrs. Glaxo., These media
again did not ciroulate in the "culture". Vorms did not survive

for more than 15 - 30 minutes using these methods, possibly due
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to the intense light necessary for high power observgtion, but
observation of the female reproductive system was much more

successful.

Although the actual formation of an egg and its shell
was not seen, these methods allowed certain conclusions to be
reached about the activity within the ootype and the ducts lead—

ing to it.

Groups of spermatozoa were ohbserved in thé oviduct,
posterior to the ocotype. ‘These groups were shot backwards and
forwards along the oviduct (probably by peristalsis, although
this is not certain), and were separated by sausage=shaped clear
areas which appeared to have a definite membranous boundary,
within the duct. The overall movement of the gpermatozoa was
towards the ovary. i n undulating membrane or similar ciliary
aotion was observed in the oviduct, immediately posterior to
the ootypey, again with the effective beat directed towards the
ovarye Vitellihe cells were similarly passed backwards and
forwards along the vitelline duct, but the overall direction
was towards the ootype.- Ova were not seen leaving the ovary.
The ootype was more active than was anticipated, and had an
appareutly continuous, slow massaging action rather than periods

of short aotivity separated by longer quiescoent periods during
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the formmation of the shell., The egg became more organized ﬁhile
being observed, although the sheli was 8till soft and pliable
when the egg entered the uterus. The shell ltself became
gradually more cousplcuous over a period oi about 10 minutes!
observation in one instance, and was noit forged as quickly as

had been expected.
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SECTION 5 = DISCUSSION.




Discussion
Anatomy and Histology
The results obtained in the present work confimm

those of Looss (1895) for S, haematobium, and of Gounert

(1955a and 1955 b) for S. mansoni (with the exception of
differences whioch have been accorded specific taxonomio

importance in the latter case)<

The only struciure observed in the present
material and not apparsntly mentioned by these authors is
the granular body situated beiwecn the ootype'an& Jehlis' gland,

(page 87 and Plates 4, a and b, and 5, pages 89 & 91).

iKechanism of egg-formation.

Turther experiments to amplify the preliminary
observations on the mechanics of egg formation will be carried
out along the same lines when sufficiont material is available.
In the meantime the use of complex culture medi; and apparatus
appears to be unnecessary. Normal saline was reasonably
effective in the series of experiments with well slides although
the worms became moribund within about 30 minutes as was the
caze with the other media used in this series. IFresh medium
199 may well maintain the worms in an aotive condition for

longer periods however, Blisters were seen to form on the

156.
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cuticle very shortly after the insertion of the worm into

each of the media in the well slide series. These gradually
expanded and burst after about 20/30 minutes, by which time

the worm had gradually become opaque and moribund, much as

was observed in the experiments with serum/Tyrode medium and
Carrel flasks after several days. This may be due to the
osmotic pressure but this is doubtful as the same thing happened
using 0.,85% solution and Tyrode solution alone. Also, 0.85%
saline solution had no obvious effect on the worms when a series
of saline solutions of different strengths was tested previously,
and no blisters were formed. Standen (1962) has deseribed very
8imilar phenomena occurring in S. mansoni obtained from mice,
treated with a schistosomicidal drug and subsequently maintained
in vitro. The male worms became much shortened 48 hours after
drug treatment and bstween 48 and 96 hours after treatment a
precipitate was formed over the body surfaces This deposit was of
flocculent nature and was intersﬁersed with small, clear globules
similar to those deseribed above., Standen does not report the
presence of globules in female worms although a flocculent oral
deposit was observed, Survival times for female worms were also
longer. The blister~like appearance may possibly be due to a
chemically unsuitable medium, The experiments with well-slides
described above will have to be repeated with media freshly and



accurately made up in the light of Standen's report, if a
longer survival time is to be obtained. The use of a constant
flow device or some other means of changing the medium in

contact with the worms would also be beneficial.

Stephenson (194%) carried out a comprehensive series
of tests on the chemical nature and physical properties of the
eggeshell of asciola. He has demonstrated that the eggshell of
Fasciola is derived from globules contained in the vitelline
oells, and that these globules contain pretein ard an orthodi-
hydroxyphenol, He has dcmonatrated that the globules are
liberated in the more proximal uterine ccils in Fasciola after
passage throush llehlis' gleand, as described by Kouri and ilauss
(19238), and he believes that mechaniosl forces due %o the
oﬁurning action of the uterus are responsible for freeing most
of the granules. However, vnywh and Clegg (1959) are doubtful
of Stephenson's observation. Stephenson (loc. cit.) states that
this liberation can be correlated with the presence of speraato-
zoa in the proximal part of the uterus beyond ..ehlis' zladd, and
he suggests that the latter are responsible for the aggregation
of the vitelline cells around the ovum and for the formation of
the eggshell round them from fused vitelliue cell globules. He

also suggests that llehlis' gland has a lubricating or more
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probably a spermatozoan=activating functlion and plays no direct

part in the formation of the eggshell, The polyphunol of the

nevly formed eggshell is oxidised to a quinone with a consequent

shrinkage, and bacomes characteristically hard, brittle and
totively impermeable,

Function of lehlis' gland.
Sayth and Clegg (1959) have produced evidence that ilehlist

gland secretion does not become part of the eggshell, and ecsording
to Hamumantha=-Rao (1959a) the secretion 1s probably concernsd with
the releass of shell formative substances in Fapgiola hepatica
through the stimulation of the vitellire colls, The same author
(HanumanthaeRao, 1950b) has described = sories of histological

tests on the Mehlis' gland of Fasolola hepatica and its relatlon to
eggshell formation, He ptates that ~% v stage did the eggshell or its
nrecursors give any positive resctions for phospholinids, wheress
Yehlds ¢t gland was found to be positive to all the tests mnde, Ko
algo states that there was no indication that Mehlis' ;land secretion
perticipated in the charasteristic forming of the epggshell, lie
concludes that the secretion is gonnected with the mechanism effeeting
the release of the eggshell precursors from the vitellire cells, but
does not itself form part of the eggshell, Gonnart {1955b)



put forward similar ideas in an earlier paper, althaugh e
suggested that the searetions of the ootype epithelium may be
responsible for the actual confluence of the shell drops to farm
the eggshell,

Although the anatomy (among other features) of the female
genital system of the sechistosomes differs in detail from that
of Fasclola, Gomnert (1955b) agrees with Stephenson (1947)
that the vitelline cells of schistosomss contain globules which
are literated and fuse to form the eggshell, However, he disagrees
with Stephenson (1947) as to the site of liberation of thess
glotules, and states that they are released within the ocotype
in S, mansoni, The present author confirms this with respect
to S, haematobium, However, Gonnert (1955b) agrees that mechanical
forces probably play a part in thelr rcl:ase. He suggests that the
pagsage of the vitelline cells through the narrow lumen of the
terminal portion of the vitellin duet (analogous with Stephenson's
"uterine valve") causes the breskdown of the mechanism isolating the
globules within the vitelline cell and facilitates their exit,
Gonnert (1955b) goes an to suggest that the secretion of the ootyme
epithelium is responsible for the fusion of the gramules to form the
eggshell, the Mehlis' gland secretion possibly having a lubricating
or spermatozoan-stimulating function, or



mors probably a3 suggested by Litephenson (1347), effecting the
releage of the eggshell granules in the vitelline cells. The
results of the present work support Gomnert's theories rather than
those of Stephenson vhere they differ. Gomnert is in agreement
with Stephenson's results concerning the vhysical and chemical
nature of the e;gshell, nansly that the eggshell is formed frou

" the gramules contained within the vitelline cells and consists

of a guinone - tanned protein (ortho-dihydroxyphenol).

For the sohistosomes (or S, mansoni ond S. haematobium

at lczot) the site of release of the shell zlobules and of the
formation of the egsshell and its shaping is undoubtedly the cotype.
The vitelline cells provide at least the major vart of the eggsheil
material in the fora of orthodihydroxyphenol and protein, contained
in the vitelline granules, according to Gounnert (1955a). The
fusion of the seoreted ;ra-ules 1s aided by secretions from the
ootype epithelium, and not by those from liehlis' gland in all
probability. However, these latter may be important in the release
of the shell granules from the vitellinc cells. The egssholl is
formed and shaped and tanning of the orthedi-hydroxyphenol fo
quinone commences almost immediately in the ootype as demonstrated
in the present material by rapid darkening of the disereto, newly-

formed shell to a brown colour, and is completed during the vassage

of the ez along the uterus, although in trematodes which produce
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many eggs in a short while (e.g. S. japonicup and Fasciola) tanning

takes place largely in the uterus, as otated Ly Stephenson (1947).

Ualformed egrs.

Describing the effeot onh 5. mansoni harboured by
guinea pigs maintained on vitamin C deficient diets, Hoffman
and Axtymer (1944) reported the formation of abnormal eggs and
stated the followings—

"The genital structures including the vitellaria were
‘apparently normal in alls On the other hand, the uteri

of the schisteoscmesc, whose hoais had been on a scorbutic
diet {(i.e. vitamin C deficiency) plus 5 mgm of ascorbic
acid (vitamin C) weckly, occasionally contzined a normal
well=formed ovum.

sost often in its place there were granular structures
forming an ill=shaped structure in which the gsorminal cell
could not be clearly identified; oxr an imperfect irresular
granular shell without clcarly defined inner conteunts.
These shells were smaller than the normally formed ones,
and at tines spent vitelline cells wero found close Diees
Such imperfectly formed ova were raroly found in the
parasites derived from suinea pigs on the scorbutic diet
plus 9 mgm. ascorblo acid weekly, and not at all from thoce

derivea from animals which were fully protected against scurvy.!



The observations of these authcrs on 5. mangoni in
guinea plgs maintained on a vitamin C. Jdeficiont diet agree very

closely with those of the precsent authoe on 3. haeuatobium in

hamsters as desscribed in the section on the produciion of

malformed eggs (Page 10Y).

The reason for tho formation of these abnormal eggs
appears to lie in the diet of the host animal, wvith special
refersnce to vitamin C. fccording to Sealock and 3ilberstein
(1939) vitamin C is esseutial in the metabolism of tyrosine, and
Painter & Zilva (1947) found that guinea pigs deprived of vitamin
C and receiving more than 0.5 mge of I-tyrosine dally excreted
large quantitics of hydroxyphenyl compounds. They concluded that
this was a result of the incompleis wetabolic breakdovm of the
tyrosing in the abseuce of Vitamin C,the brecakdotm product bolng
excreted in the form ol hyiro.grphenyl compounds. Similarly,
Rienits (1950) found that the oxidation of tyrosine in slices
of suinca piz liver depended ou the l-ascorbic acid rotention of
the animal. In the case of material from scorbutic animals ths
oxidation could be restored to values obtained from nou-ascorbutic

animals by the addition of l-ascorbic acid.

Proceeding a stage further, Smyth and Clegzz (1959)
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described a scrica of experiments to deferuine the identity of

the precursors of aclerotin in trematode eggshell formation, and
concluded thet 13 amino acids were present in ihe hydrolysate of .
homogenised vitelline gland cells of}Fasciola (containing a protein
and orthodihydroxyphenol according to Stephenson (1947)) after
various treatments. Of these 13 amino acids, three were definitely
identified and occurrad in considerable quantities. These turee

amino—acids were phenylalamine, histidine an’ tyrcsine.

It therefore appears that a diet deficient in
vitanin C, even though sufficient to maintain the host animal
in apparently cood health, is insufficient to cuable the female
schistosons to produce typical ezzs by affectinz tho tyrosine
metagbolism of the ezyshell precursors in the vitelline cells.
According to Hovde (1950) hamsters naintzined on a vitamin C
deficient diet requirc z n2ily allowance of 0,3 mge of vitamin
C per 100 g. of body weight for normal zrowth. In contrast
Cooperman, Veisman and Elvejem (1943) concluded that vitanin C
was unnecessary for growth of hamsters in their experiments on
nutritions however, their artificial diets under investigation
were supplemented with ''greens', whole corn and wheat, which
can be reasonably expected to contribute the rcquisite amount of

vitamin C, Their conclusions that vitamin C is unnecessary for
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growth in hamsters must therefore be open %o doubt.

According to the analysis of the modifled diet 41B
which was supplied by dessrs. Oxoid and on which the present host
enimals were maintained, there is no vitamin C added in the
vitamin supplemént, Specific enquiries were made by the author
and apparent}y vitamin C is not added to the dlet because of its
extremnely rapid oxidation and consequent inactivation. - At the

beginning of the present work, animals were maintained on diet
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41B alone, without the supplement of greenstuff siven more rccently,

and it is from this period that females producing abnormal e:=gs
were encountered. It therefore appears that the bassl diet of
Oxoid 41B alone does not contain sufficient vitamin C to eunable
typical schistosome ezzs to be formed unless additional vitamin
is provided (in the form of a supplement of greeustuff in the

present oase).

It is possible however, that- the production of
malformed eggs is not a result of a dietary deficiency such as
lack of fitamin C, but is the result of a genetical mechanisnm,
in which the abnormal host eunvironment (i.e. laboratory host
rather thaﬁ man) may cause a selection pressure on the schistosone

strain, with the result that an attenuated atrain results which



may produce malformed cggs and which is incapable of surviving
three rassages in laboratory sgnimalg., If tho malformation is
due to dietary deficiencies, why are malformed cggzs not encounterea
in earlier passagzes? These deficiencies may be cumulative if they
aré of dietary origin and msy require more than onc passage to
become evident but this seems less likely than that a seleetion
of an attenuated strain takes placo. 0{n the other hand it seems
nore likely at first sight that a seleotion pressure would selact
adeapked, )
o more saegumte strain of parasiic rather than a less well adapted
strain (attenuated strain). It has also been suggested (Smyth,
© pers. comsle) +that nalformed o203 may bs unferiilised and haploids
Smyth is ¢l the ovinion that such eggs would be saaller than
norual diploid ezss. It is necesnary to examine fresh material
and. to count the number of chromesomes to detsermine this., That-
ever the :oa:on; the fact thot it is dilfficult or iapogsible to

maintain a laboratory strain of 3. hacnatobium beyond the third

passage, deapite a successful report by Ziitchford (1961), nay
well be connccted with the formation of malformed ezss by whotever

mathod igs responsible.

The poscibility of producing an attenuated strain of

Ss haematobium or alternatively of enabling the strain to be

maintained boyoud the third passage by desreasing or increasing
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the vitamin supply, requires further investigation. This,
together with the effect on the schictosomes of the addition

of ascorbic acid to the basal diet of Oxoid 41B without green-
stuff supplement is under further investigation by the author at

the present time.

Experimental resulis so far obtained gave the follow-

ing results for hamsters:

*

Treatmont nge ascorbic acid/
100 ml. serum

Control (nomal diet + greenstuff) 0.75

46 days without greenstuff (normal diet) 0.48

" 11 1 O. 56

49 1] " 1 0. 46
0.34

49 with " " 2.25
0.59
#* adapted T{rom 4indlin and Butler, J. biol., Chem. 1937-38,
122 p. 673. (Deterninations were made by nr, G. C.

Roso of the British useum (lNatural History) to whoa
I am grateful.

The recaoval of greenstuff from the diet of the
animal resulted in a reduccd ascorbic acid level; it appears

that this reduction is progressive but becomss evident only



after the experiment has been in progress for a few days, while
the reserves of ascorbic acid are used up. The addition of
ascorbic acid tablets to the drinking water at the rate of

200 mg./100 ml, of water has been attempted, Further work

is to be carried out to determine the effect of vitamin C on

egg formation in hamsters,

Statistics.

In all subsequent discussion, it is essential to
remember that all experiments were carried out on strains of
the same, well-defined species of parasite, and that all
differences exhibited as a result of these experiments and
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discussed hereafter are in the same, theoretically uniform, species

and are largely the results of these experiments. All the material

came originally from human subjects of the disease known as
urinary bilherzia or urinary schistosomiasis, and therefore a
more detailed identification is not considered necessary. The

question of whether such material is S, haematobium or S, capense

is still open to question and is not entered into in any detail

here *

From a congideration of the probabilities of
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distinguishing between material from the four host categories

(a) host species, (b) parasite strains within a host species,

(o) samples (individual animals) within a parasite strain, and
(d)'sites'within a host animal (Table 10, Page 116) by the use

of each of the four dimensions (lenéth, breadth, lmax. end spine
length of the Qgg), a number of preliminary counclusions can be
dravne Thus it~is possible to distinguish betveen material from
each of the host species wit: considerable certainty using either
length, breadth, or 1max . soinc length, however, is less

L

satisfactory, obut lmax. is the only dimension which will dise-
tinguish between parasitc cirains Troa the seame host species with
any certainty, and amaterial from diff'erent animals of the same
spocics of host infected ith the sane otrain of parasite cannot
be distinguished at alle (The spine lenzth givec a reasonable
separation but this dimension ic the most inaccurate and is there-
fore not really rclisble). Jatcrial from different sites (ezss
measur.d within the uterus of the female or from tissue, either

digested out or from faeces) cau be clearly distinzuished by sach

of the dirensions with a high depree of certainty.

It is slso rvoasible to obtain informnation on the
efficicucy of each of the four diaensionc in distinsuishinz

between the various categories. Thus the dimonsicn 1max
L]
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appears to be rost likely to seporate the catezories, it

being effective at the 1 probability lsvel or better in

pach case except that involving individual animals within a
parasite strain (Table 10)« It should perhaps be emphasised
that this dimension i3 a new one as far as the examination of
sohistosome e 73 is concerned and hés not in fact been used in
other studies on ezz shape, althouéh Alves (1949) used a similar
dimension fairly successfully in an analysis of o5 shape of

S. haematobium, 3. boviz and S, mattheei. The next most accept~

able dimension arpears to be the lensgth; consideration of the
breadihk will distinsuish only betwecn host species and between

sites within a host animal, although it is rcliable in both these
cases., However, it offers no improvement on length and zlthough
nore reliable than lmax. at separatin; matorial from different

host cpecies the improvement is not zreat and it is not offective

in distinguishing betwa:. sizicrial from different parasite sirains
within a host species. The spinc longth is not really a reliable
dimension, as it is both difficult to rmcasurc and not very effective

in distinzuishing any of the categories excépt sites within on

individual host, at which other dimensions are equally efficient,

It therefore appears that material from diffcrent

host svecieg does differ, that material froa different parasite
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atrains from the same species of host animal differs, and that
the site within the host animal from which material is obtained
is of great importance (material from the tissues or faeces, and
also presumably from the urine, are all larger than material
measured within the female utexrus). Furthermore, these different
categoriea can be distinguished by the use of one dimension, the

best being 1max y followed by length as the second best.

Considering the probabilities of distinguishing
between material from the host species, it is evident from Tables
12, 14, and 16, Pages 117,118 and 119, that material from man
can be distinguished with a high degree of certainity from material
from all other host species using either length, breadth, or 1max.'
However, material from hamsters can also be distinguished by the
use of length, breadth, or lmax.'

Applying a similar method to attempt to distinguish
between geographic strains of parasite (Table 21, Bage 124) it
is evident by considering length, that material from Kuwait and
3aid can be distinguished from all the other strains, but
that these two strains cannot be distinguished from each other.
Using the dimension breadth (Table 22, Page 125) the same is
largely true with the addition that Cairo material is distinct

from all other material also, with the scxception of Seid, and
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that the latter is now distinguishable from Kuwait material.
Consideration of 1 (Table 23, Page 126) reveals a situation
mid=-way between these two., Katerial from Kuwait and Said is
again significantly distinot from all other material but not from
each other, while material from Cairo can be distinguished with.
reasonabldﬁignifioance from only Nigerian, Said and Kuwsit
material. Thus material from Said and Kuwalit can be distinguished
from all other material with z high degree of certainty by each
of the three dimensions and from each other by use of breadth
alone, Calro can also be separated, by the use of breadth, and
with lesa certainty using 1max e« All other strains cannot be

separated from each other with any confidencs.

Turning to material from hamsters, material from
Baghdad can be distinguished from all other material using
length (Table 24, Page 127), which was not the case with similar
material from man, Kuwait material ig likewise distinct from

all other material, but was not available from man.

Of the remaining strains, material from Nigeria is
not significantly distinct from Ghana, Shambat or Cairo,
whereas all others are distinot from each other. Considering
breadth (Table 25, Page 128) no strain is distinct from all

othersy GChana and Shambat cannot be gatisfactorily separated
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nor can Kisumu and Cairo, and Higeria and Baghdad. Turning’

tol o (Table 26, Page 129) a similar situgtion is found as

for length. iaterial from Baghdad is again distinct from all

other strains, but material from Nigeria can only be distinguished
from Ghana and Baghdadj material from Ghana is now distinguishable
from all other strains. Shambat is distinct from all strains

other than Jigeria, as was the case with length, and Calro is
distinguishable from all strains other than Nigeria, azain as

was the case with length. The material from Bazhdad (from hamsters)

is distinct from all other material and Kisumu material is fairly

distinct also, as is Ghana.

Considering the material from mice (Tables 27, 28,
and 29, Pages 130 - 132) material from Cabemba can be disting—
uished from Cairo and Shambat, but the latter two caunot be
separated. Thié is of some interest in that the Cahemba strain
has the same origin as that from Shambat but has been passaged

through a different sub-species of snail (Bulinus truncatus rohlfsi)

from Angola. This has evidently affected its size as it is
significantly larger in each of the three dimensions than material

of the other strains from mice.

It is not possible to make any redly religble



estimate of the relationships of the various strains from man,
hamgters and mice to each othery it is however evident that

material of two strains may not be distinguishable when taken
from one host species but may in fact become so when passaged
through another (e.g. Baghdad material from man and hamsters).

Material from Arvicanthis and Mastomys cannot be
distinguished by these methods, nor can ma;;erial from Mastomys
and Meriones, Material from Arvicanthis and Merionesg can be
distinguished by using length and breadth only, and then not
with great certainty.

It is possible to obtain more information on the
relationships of the material from different host species and
on the relationships of the geographic strains by considering
all four dimensiong at once, i.e. considering the shape of the
egg rather than one dimension at a time.

Material from man is shown to be more obviously

distinet to material from hemsters and all the other host species
used by this method. Material from each of the non~human hosts
can also be distinguished, unlike the use of one dimension alone,

1%%.
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It is evident from Table 31, page 133A, that egg length is
the most important of the four dimensions, contributing about 38%
of the total information, Similarly, considering Table 31A, page
133B, the vector X is generated by the largest root, ¥ by the
second largest, Z by the third largest and O by the residual
variation, In the case of vector X, it is evident from a
consideration of the relative velues of the weights that length
(+1,0000) is of greater importance than breadth (+0,5022) and the
vector X 1s therefore tentatively identified as "length". The
vector Y, generated by the second largest root, the greatest contrast
is between breadth (=0.8137) and spine (+1,0000) and most closely
represents the dimension "spine", In the vector Z, length and spine
run together. Throughout,, the dimension Lhmx is of 1little value,
i.e, the individual eggs are not more or less pear-shaped but are in
fact similar in shape, as distinct from size (defined by 1 and b,
contributing the maximum information). This is in contrast to the
univariate methods (Table 10, page 116) where L ox is apparently the
dimension of choice,

In Figure 10A, the long axis of the model represents the overall
relative size of the eggs, and not differences in shape., All
dimensions collapse onto that represented by size. The eggs showing
closest similarity to those from man (to the right of the model) are
from hamsters., However, although they lie next to eggs from man in
the model, thege are less like the latter than they are like eggs from

mice, Arvlcantbla, Mastomvs, and even Meriopes, esgs from the latter
being most unlike eggs from man, The "average" egzgs from
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the non-human hosts show a greater similarity to each other than any
of them do to those from man., However, it is evident from Figure 10B
that some eggs from hamsters (Baghdad) do in fact show some similarity
to some eggs from man (Kwmait),

Considering, Figure 10B further, it is evident that all eggs
from man 1ie to the right and all eggs from hamsters to the left of
the model, and although some eggs from hamsters (Daghdad) and some
eggs from man (Kuwwait) 1ie adjacent to each other, they are still
distinct, Eggs from Baghdad lie towards the opposite side of the
model from eggs from Cairo, Ghana and Nigeria, in both hamsters and
man, and eggs from Ghana and Nigeria 1ie close together in both cases.
The close relationship in the model of these two strains is reasonable
when thelr geographical relationship is considered, although on the
other hand they are transmitted bty members of different specles-groups
of snails, the forskall sroup (Ghana) and the gfricanus group (Nigeria).
On the other hand, the close relationship on the right hand side of the
model of material from man from Cairo, Ghana, Nigerla, Baghdad and
Dirgag, tranasmitited by members of the fruncatug, forskali snd
africanns species groups, suggests that the taxonomic status of the

intermedlary may not be an important factor,
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LeRoux's (1958) theory that the strain of S, haematobium
carried by members of the gfricanus group should be regarded as
S, capense is not supported by the present results, as the methods
adopted here have falled to reveal any major difference between the
Ghana strain and the rest of the t7pical group such as could be
expected if such a theory were true, It is interesting to note also
that material from Said and Dirgag ean also be di.ferentiated by the
appearance of the lesions on the Intestine of infected hamsters
cauged by the parasites, The intestine of hamsters infected with
the Said gtrain almost invariably exhibited lesions in the posterior
regions of the intestine, particularly in the loop of the colon and
the rectum, whereas hamsters infected with the Dirgag strain
possessed lesions in a more anterior position, usually in the
1leum. In the majority of the infections with other strains, lesions
are found along the colon, and in the liver to a lesser extent.

The relationships of the hamster material to each
other and to that from man are also difficult to evaluate, partly
because not all strains are common to both hosts, All that can
be said is that a passage of material through hamsters appears
to affect different strains to different degrees. However, the
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predominant relationship is still one of overall size, material
from man being larger than that from hamsters, although there is
also some small difference in shape (as shown by the three
dimensional nature of the models),

In both figures, 10A and 10B, the largest eggs lie to the
right of the model and the smallest to the left, Evaluation of material
from mice, Arvicanthis, ete, would extend Figure 10B further to the left,
were sufficient materlial available, The group centres of the hamster
material and the material from man lie the same distance apart as do
these points for Figure 10A allowing for rounding-off errors, and it
it therefore possible to extrapolate the Figure 10B to the left to
obtain an idea of the size of the model if material from mice, Arvidanthis
oetc. was added.

Computation of the angle between the long axes of the models
in Figures 10A and 10B, represented by man-Merioned (Figure 10A) and
Kisum-Baghdad (Figure 10B), using the formula

Cos @ = —SheBl
J zai?zp?
gave an answer of = 0°9'approximately, i.e. the long axis of each of the
two models is the same and that therefore the difference between the
groups of eggs is basically a question of size.
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Since there are no relevant multivariate tests of significance
available at present along predetermined axes in generalized distance
charts, 1t 1s not possible to determine whether there 1s a vector at
right angles to the long axis of the model (Figure 10B), However, it is
possible to carry out a univariate test on the multivariate scores along
a diseriminant functisn selected as running in as nearly the right
direction as possible (Nigerie-Dirgag in this case)(: lackith, pers comm).
The steps adopted were as followse

1) The diseriminant functions Pys Bys Py and B, for Dirgay-Wigeria
were calculated and gave Pl w =2,6523, Py = +0.,2539, PB = =0,2241, and
FA = +3,7638. _

2) Knowing I, b, and IE: amd 8 for eggs from Dirgag and Nigeria,
the scores for ggch group of 25 eggs were calculated from
EPII +Pyb+ PBJ:E +B 4'3 for each group. The scores obtained for the
average values of eggs from Dirgag and Nigeria along the discriminant
function were =339,5042 and =333,6547 respectively.

3) The values for individual eggs from a) Dirgag and b) Nigeria
were obtained from Zp,1+ B,b +P31max'kp43 and were found to be =-8661,5572
and =-8340,6318 reaspectively,

A standard univariate t~test was carried out on these figures and
regulted in a significance level of 60% approximately i.e. that the
probability of diseriminating between individual eggs along the postulated
vector 1s very low and 1t seems likely therefore that there 1ls no
significant vector mwesent running in that geMeral direction.



17c.

The presence of negative generalised distances
(Table 33, Page 135) indicates that the two samples concerned
are ldentical, as 1t is impossible for a real negative distance
to exist (two samples cannot be more alike than identical),
Such negative numbers arise from sampling variations in the
calculation of the canonical vectors. These negative values
have been increased by a small emount to make them positive
and to elarify the relationships of the samples in the construc-
tion of the models, The calculated generalised distances between



the Nigeria strain and the Ghana, Baghdad, Kisumu and Cairo
strains from hamsters do not meet at a.single point, suggesting
that there is a fourth dimension involved in this region of the
model. As this is impogsible to visualise, the Nigeria strain

is given an approximate location relative to Ghana.

In the present work, the average size of eggs from
human cases was found to be 140 /u long by 57 /u wides No
comparable adult worms were available, and recourse has been
made to Girges (1934). IHe states that the average length of
a sanple of eggs from Cairo (i.e. topotype material) measured
by him is 146.8 /o and the breadth 58,75 /o (recaloulated from
data in Girges, 1934), i.e. slightly larger than the present
material. Girges (loc. cit.) gives an average length of adult
male worms of 11¢75 mm (recalculated) and states that the average

length of a female worm is "about 20 mm,."

Material obtained from hamsters in the present work
gave the following results:t eggs 109 /u long by 39.5 /u wide,
male worms T.4 mm. long, females 11,15 mm. Thers is therefore
a considerable reduction in size of both adult worms and eggs
recovered from hamsters as compared with material from human

cases., This amounts to a reduction of 20 to 30% in both length
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and breadth for the eggs and 37% and 49% for the length of

the male and female worms respecil'.ively. The reduction in

the length of the eggs from other hosts is even greater and
amounts to about 35% for material from Mastomys (producing

the smallest eggs) compared with material from man,

Eggs measured within the uterus of the female worm,
whether from the liver or intestinea, show an almost equally
marked reduction in size compared with eggs digested out from
liver or intestinal tissue or recovered from faeces, regardless
of the species of host or the strain of parasite (Table 4, Page
105). It seems reasonable to suppose that eggs measured within
the uterus of female worms recovered from man would also be
reduced in size compared with those recovered from the urine,
although comparable material 1s not available at present, There
is a reduction of up to 15% in length and 20 to 30% in breedth with
similar reductions in the size of the other two dimensions for material
from hamsters. Material from mice, Arvicanthis, Meriones and Mastomys

also exhibit reductions in size relative to man but to a greater and
more variable extent,

Why there should be a different between eggs measured

in utero and those recovered from tissues or faeces
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is difficult to answer. There is little difference between

eggs from either liver tissue, intestinal tissus, or fagces,

or between ezgs from worms recovered from the liver or intestine.
It seems surprising that eggs undergo an increase in size after
being laid by the female. Eggs digested ocut from t;ssues and
stored and measured in saline solution may possibly swell after
recovery but prgliminary experiments af the start of this work
failed tc show any detectable incresse in size after prolonged
storage. The inorease in size in eggs laid by the femaler may

be due to the absorption of materials, such as nutrients, from

the host tissues, or may be a result of the growth and develop-
ment of the embryo within the egg. However, this would negessitate
the eggshell being sufficiently permeable for nutrients to diffuse
through on the one hand, or suffioientlyrimpermeable on the other
to prevent waste products from escaping. The latter seems some=
what less likely as it has been suggested that one of the causes
of the pathological conditions assooiated with schistosomiasis

is the toxie waste products produced by the developing miraocidium
within the esg (Hoeppli 1932)3 also the accumulation of waste
products within the egg would presumably be detrimental to the

developing embryo.

The reasons underlyinz the overall reduction in size



181.

of both adult parasites and e;gs recovered from experimental
hosts compared to those from man are even more diffioult to
asoribe. There is possibly a reduction in the metabolic rate of
the parasite in an abnormal host as a result of the abnormal
physiological environment resulting in a smaller adult worm, which
is in turm capable of produEing only smaller ezgs. In tais
connection, DeWitt (1962) has drawn attention to the effeect of
host diet on worm.mgrphology and egg production in S. mansoni.
The size of the definitive host may also have some effect on

the size attained by the parasite, smaller species of host only
being able to produce smaller parasites. The reasons behind the
host effect are similarly difficult to determine at present. They
too are almost certainly commnected with the environment presented
by the laboratory hosts and are presumably related in some way

to the genetical constitutions of the host and the parasite, but
the details of the relationship remaing to be eluocidated. This
relationship ie affected principally by the species of host,
secondly by the geographic strain of the parasite, and thirdly
by the site of occurrence of the eggs of the parasite, (i.e.
whether they are froa the female worm or from the tissues, fasces

or urine).

In the light of these results from S. haematobium

originally from man, it is perhaps unnecessary to emphasise the
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dangers of creating a new species of parasite for material from
unusual hosts before searching investigations havebeen made,
Passage of the material through other {laboratory) host spgcies
would emphasise the amount of variation possible in the same
species of parasite under differing conditions., Also, by measur—
ing samples of eggs and by calculating the generalised distances
in the way described, from the same set of canonical veetors, it
will be possible to build up a comprehensive analysis of the
relationships of additional material which will be of considerable
value to all who work with thq sohigtosomes, It is sugzested that
similar techniques couldlbe employed with considerable advantages
in other fields of parasitclogy. 4n investigation of eggs of

S, capenge, S. mattheei, S. intercalatum and S. bovis, would

also contribute much to the elucidation of their inter-relationships

in all probability.

Susceptibilities of experimental hosts to infeetion.

Martins (1958) summarised the extent of knowledge
at that time on the non-human vertebrate hosts of Schistosoma

mansonl and S, haematobium. He concluded that S. haematobium

has a much more striot host specifity than does S, mansoni,

During the present work hamsters, mice, Mastomyz natalensis,

Jieriones shawi and Arvicanthis abisynicus have becn infected

with S. hzematobium, and some Saccostogxs from South Afrieca

have also besn received for use in experimental worlk but are
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still under inveatigation.

As a result of these experimental infeotiona, the

golden hamster (Kesocricetus auratus) was found to be the best

all round host for experimental purposes althougn only 375
gurvived the infection. loore and feleney (1954) and Kuntz and
iialakatis (1955a) also arrived at this conclusion as a result of
their more extensive work. Kuntz (in a personal communiocation)
has also stated that the hamster is reasonably satisfactoryj he
also found that although Arvicanthie was apparently a fair host
(Kuntz & iialakatis 1955b) later work demonstrated that the
passing of eggs in thoe faeces was erratic and often light (Kunisz
1961 and personal communisation). The present work has confirmed
Kuntz's (loc. cite) findings in this respect. Comparatively
few adult schistosomes were recovered at autopsy of Arvicanthis,
and these were often largely males. Ifurther, only once could
miracidia be induced to hatch from faeces of this animal. As a
result of these experiences, Arvicanthis was largely dispensed

with for experimental purposes.

The jird, ..eriones shawi was examined as a potential

host by Kuntz & Malakatis (1955b), who concluded that it was a
rather poor host, basing their conclusion ou the low recovery

of adult schistosomes. Only six Llerionss were used in the
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present work, all in one passage, as they were found to be
unsatisfactory hosts for the experiments in progress, yielding
only 3.7 of cercariae as adult worms and no viable eggs in

tho faeces, .iastomys natalensis was also found to be less

satisfactory than hamsitersin that a lower perccu.age of worms
wge recovered, alithough Pitchford & Visser (1962) are of the
opinion that this species and Saccostomys may in fact prove o

be good hosts for experimenfal work,

Kuntz (1961) has investigated the passing of euzs

in the faeces of hosts infected with S. haematobium. He found

that egsg counts wore erratic but generally followed a patiern,
building up from a few egys to a peak before tailing off again.
Although no specific attempt has been made in the present work

to determine the rate of passing ol eggs in infected animals, it
was observed that this was often very irregular. ZXuntz (peraonal
communication) i3 of the opinion that both pascage of eggs in the
faeces and susccptiibility to infection by cercariae are "individ-
ual" characteristics of the host animal and has experienced

essentially similar effects in S. japonicum infections in

laboratory animals in Jorucsae He hag found that gome infeoted
individuals of a host species seem to produce reasocnable numbers

of ezzs, in either faeces or tissues, while in another ssries of
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exposurésin the same host species worm production and passing

of egss may be low. Dvans and Stirewalt (951) investigated this
phenomenon by a study of variation in infectivity of the same
strain of S, mansonl from the same snails to white mice under the
same experimental conditions, They found that statistically
significant variations in infectivity of the cercarise did in
faot occur, and that these variations appeared to be related to
the physiological oondition of the snail host. Their mice were

of an inborn strain, and they considered that in theory the mice
offered minimal heritable variation. They did not, however, subject
their mice to a preliminery bath before exposure, in order to
stimulafe the evacuation of urine ard fasces which would otherwise
pollute the cercerial suspension with deleterious effects on
their infeotivity. This bath preliminary to exposure waa advocated
by Vatson and Abdel Azim (1949) and has Seen used 88 a standard
procedure by Standen (1949) and Kuntz (1961) among others, and
also in the present works In the evaluaticn of their results,
Tvans and Stirewalt cousidered that the variation in the infect—
ivify lay with the snails and the cercariae, rather than the
cercariae and the mice. However, in thellight of Kuntgz's §iews
(porsonal comaunication)(supported by the present author) that
variation in infeotivity in schistosome cercarige is almoat an

individual characteriatic, too much weight should not perhaps be
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given to Evans and Stirewalt's (1951) views. It seems more
1ikely that this variation 1s due to a combination of variation
in Infectivity of the cercariae together with variation in the
susceptibility of the vertebrate host, of which the latter may
well comprise the more important part. The occasional
occurrence during the present work of individual host animals
(e.g. Moriones and Arvicanthis) which were evidently totally
resistant to infection, lends support to this view. Such
animals were found to be uninfected and showed no sign of ever
having been infected, although other individuals of the same
specles were successfully exposed under the same conditions, at
the same time, and to a similar number of cercariae from the same
snails, The possibility of an essential period of gradual
adaptation of the human strains of S. haematobium used in the

present work to the somewhat abnormal hosts used does not appear
likely in view of the results obtained by Moore and Meleney (1952)
during their investigations with Schistosoma mansoni, These
authors found that of 96 snails exposed to miracidia (hatched
from eggs passed by 10 human cases) 65 shed cercarise; 111 mice
were exposed to these cercariae and all these mice passed viable
eggs in the faeces 6 to 6} weeks after exposure (i.e. within the
usual range for the appearance of S. mangoni eggs in the faeces
of mice),
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The effect of population density of adult
parasitic helminths in their vertebrafe hosts on the
pattern and physiology of growth of the parasite has been

investigated by Roberts (1961) in Hymenolepis diminuta

(Cestoda). Roberts concluded that population density has

a direct effect on the germinative region in Hymenolepis

and that the gravid progzlottids are reduced in number in

dense infestations, and that the rate of maturation is essentizlly
independant of the rates of growth in length and weight.

The c¢ffect of population density on the worms becomes apparent
during patency, when a higher population density resulted in

a slower growth rate, althouzh the rate of maturation was

apparently independent of population gize.

Jdaily egg production per worm in nematodes
parasitie in animals may be lower in larger populations
than in smaller ones, and Rankin (1957) suggested that crowding
mgy have been responsible for the occurrence of smaller
(though sexually mature) trematodes in Salamanders, compared
with the same specics from lighter infsctioas. IHovever,
Roberts {1961) is of the opinion that neither the largest
nor the smallest population zi.e may furnish optimal conditions

for growth, maturation and ego=laying of an individual
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Parasite. It seems probable that the mechanism of the
crowding effect is very complex and does not necessarily
depend entirely on a limited food supply or on the accumu=
lation of toxio metaboliec products. The possibility of the
production of an "antigen" by one parasite against another of

the same species muat also be considered in this comezion.

The influence of the host on variation in a-
given parasite as a conceot has received increasing attention
in recent years, Ior some time now, parasitologists have
accepted that worms of the same species from different host:
speoies may exhibit quite striking differenoss in both
morphology and physiology when the host specificity is not
too striot to allow this. However, in 1959, Schiller (1959b)
was still able to say that "no satisfastory means of evaluat-
ing the extent to which the host may influence intraspecific
variation in parmsitic flatworms had been developed'". Although
in previous papers (Read, Schiller and Phifer 1958, and Schiller
1959a) he had been able to demonstrate that both the definitive
hogt and its diet played an important part in the size attained

by the dwarf tapeworm Hymenolepis nana in the mouse, he was

able to demonstrate conclusively that certain hoat species had



a marked effect on the frequency with which variant
characters were expressed, and that the extent of this effect
varied with the different hosts (Schiller 1959b). Schiller

. found that the hosts which induced the highér increases in
the frequency of variation were those in which infections
with tﬁis parasite had not been previously recorded. On the
other hand, he was able to demonstrate that the frequency of
occurfence of certain variant characteristics in H. nana vas
essontially constant within one host species (£he mouse )
(Schiller, 1959b). Although comparison between cestodcs from
mice, hamsters and grey squirrels indicated that the growth
rate, strobila size and egg'productivity varied according to
the host, these were grossly affcoted bty both the quantity
and quality of the host diet, partiocularly in respect of
éarbohydratea. Other morphological characters of itaxonomic

importance were not apparently affected however.

It seems, therefore, that infection rates, the
species of host and the host diet may sll have a greater or
lesser general effect on the morphology of the parasitc, "and
that the environment presented Ey an individual host, regard=—
less of speccies, may have an effect differing froa that of

gnother host of the same speclies under the same conditions.

189.



190,

There does not appear to be any valid reason why the
enviromment provided by the host, composed ¢f many factors

due to diet, host species, etc, should be regarded as in any
way different in prinoiple from that of a more "conventionml"
environment. The form adopted by a free=living organism is
regarded as the expression of interaction betweep the genetical
nake-up of that organism on the one hand with its enviroument
on the others There seems to be no valid reason why the fomm
adopted by a parasitio organism should be rezarded in any way
other than as the result of the iuteraction of the genetical
congstitution of the parasite and the physiological enviromment
presented by the host, The only basic differecnce between the
environment of the free living orgauism and that of the parasite
is that the latter is often much wore complex and is itself

a phenotypic oharacter. It is in the complexity of the environ—
ment; which is itself a phenotypic expression, within the host
(i.e. variability from host to host and even from time to timc)

that the reason for varistion within a parasitic species lies.

Jeriation in exzzs.

Cort (1951) has drawn attention to the variation

encountered in eggs in a trematode species. He found that
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the variation in egg size in groups of frog lung fluces

morphologically of the same specles, was greater than the
difference between eggs of two distinct species of the

same genus,

Buchanan (1937) has pointed out that a reliable
diagnosis of disease due to schistosome infections cannot
be made on elther sizme or shape of the mchistosome eggs, as
these show a marked variation even in the saﬁe hest individual
| and such differsnces alone do not Justify the "labelling" of
a new specles. Buchanan points out that the egg 1llustrated
by Blackie (1932) as that of S. mattheei is indistinguishable
from S. bovigs, and he points out that icHattie and Chadwick
(1932) stated that "diseased" S. bovis .nay produce ezss

corresponding in shape and size to thoso of S. hasmatoblum,

YcHattie and Chadwick (1932) observed that about 1% of female
3e bovisg showsed many typically shaped 5. bovis eggs in utero
and in the same uterus one or more typlcally shaped S, haem—
atoblum eggs, having the same @easurements as the ezg of

thig parasite in mane They were ablecto distinguish such
females (schictosomes from cattle) from those from human cases
by the fact that tha vitellaria occupy about half the total

length of the female in the former, instead of one-third as



in the material from man. In his original description of

S. intersalatum from man Fisher (1934) stated that none of

the morphological characteristics of his material, apart
from the egg, were sufficient to distinguish it clearly

from either S, haematobium or S. bovis, and in the light

of the warnings given by Chandler (1923) McHattie and
Chadwick (1932), Buchanan (1937) and Stunkard (1957) emong
others, this species must be regarded as of dbubtful validity

pending further investigation.

Smithers (1956) has figured, without comment,

the variation to be found in S. haematobium egss in utero

which he recovered from mice infected with cercariae from
naturally infeeted snails of the species Bulinus in the Gambia.
Pitohford (1961) has also presented illustrations of variation

in eggshape in schistosomes of the haematobium-mattheei

complex, and Alves (1949) has attempted to differentiate

between eggs of S. bovis, S. mattheei, and S. haematobium

on statistical grounds. He measured im-width of the ezg
at a point 50 microns from the aspinose end, in addition
to the maximum width and length, in an attempt to define the
spindle shape of 5. bovis. On the basis of his results, he

was able to say that normmal 5. haematobium and S. bovis, should

never be confused and wrongly classified, while there is a 3%

192.
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chance of wrongly classifiying S. bovis as S. mattheei, and 130

of classifying S. mattheel as 5. bovis on the basis of eggshape.

He found that while an ezz of S. mattheei should not be regarded

as that of 3. haematoblum, there is a half per dent chance of

wrongly classifying S. haematobium eggs as S, mattheei. He also

noticed that his \est Afrioan and Sudanese S. haematobium eggs

were quite distinet from those of Rhodesian origin. Schwetz

(1951) concluded on the basis of egg shape that S. intercalatum

could be distinguished from both 5. tovis and S. haematobium

but not from 3. mattheoei.

Pitohford & Visser (1960) were able to demonsirate
the effect of host diet on S. mausoni var. rodentorum of
Sohwetz {19%3) from various species of wild rodents in the
Transvaal which had been infected both naturally and in the
laboratory. They concluded that Schwetz's variety was in fact
S. mangoni, the differences in morphology of Schwetz's form
being due to the abnormal enviromment in a rodent instead of
man. Despite the observations made by Stunkard (1957) that
the mutrition of the host probably plays an important part in
variation in the parﬁsite, little work has been done on the
effect of host dlets on parasitic helminths in jeneral and

on the schistogsomes in particular. ‘YThe problem is obviously
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very complex and will need much careful study before it is
fully elucidateds Illustrations of the variation in egg
shape encountered in the present work are given in Figs. 6,
7, 8 &9, Pages 96, 93, 100 and 103,

It was the purpose of the present work to draw attention to
the phenotypic variation which it is possible to infliet upon strains
of parasitic helminths by various comparatively simple and commonplace
treatments, and therefore to draw attention to the need for extreme
caution in creating definite, distinct taxonomic status for particular
examples of a single variable group of organisms. The methods were
not used in the present study to suggest taxonomic relationships
between the various groups, as 18 cne of the more normal uses of

the multivariate technique, as there are implicit in the origins
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of the material, but were used to demonstrate the effecis

of various treatments in an attempt to create pseudo-
taxonomic differences in a simllar manner and of a similar
order of magnitude as are often encountered in helminthology
and accorded definite taxonomic status. Whether in fact
any ganetic modifications are implieit in such experimental
phenotypic modifications is not entered into here and

would have to be the subject of a separate study.

The multivariate approach was used to extract
the maximum amount of information from the data by comparing
the dimensions of one group with those of another group.
There is no means of knowing in advance whether such an
approach will reveal further information. There is
in fact little improvement compared to the information
obtained by the univariate approach, but it is not possible
to arrive at this conclusion without trying both approaches.
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To summarise therefore, examination of material
by conventional methods alone - e.g. anatomy or histology -
dces not necessarily reveal the extent of variation present
in a sample of parasitological material, and detailed statis-
tical analysis may often be of value and give 4 more precise
answer., Furthermore, results thus obtained can be of much
greater value as they are less likely to be based on subjective
interpretations of colour or shape, etecs It is essential when
examining material, whether it be from a new or little known
host or not, that consideration be given to the effect of the
host upon the egg (in the case of the schistosomes at least),
and also upon the general anatomy of the parasite. Similarly,
it is very important to realise the effect on size (and
possibly on shape) of the site of ocecurrence of the material
in the host animal, The geographic strain of the parasite



ig also of considerable importance; varlation in material
from the same site from several animals of the same species
infected with the same geographic strain of parasite is the
only one which appears to be of relatively minor importance,
and 13 often the only one which is given considerations
variations above this level are all too frequeutly used for
specific or even generic differentiation. The warnings given
by Nelson at el. (1962) concerning the diagnosis of species

by egg size alone canmot but be repeated here.

It is important trat the amount of wvariation
oxhibited by the same species of parasite under different
conditions should be much more widely realised, and consider-
able caution must be exarcised before material from a new host
i3 described as a distinct species, basing the conclusion on
gize and shape alone. It has been shown above that it ia
possible to considerably affect the size of eggs of S.
haematobium merely by passaging through another host species.
Differences may also be found in other aspects such as enzyme
and biochemical systems. The implications of this must be
realised before new Species are createds This conclusion

probably has much wider applications and may be applicable

195.
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to all parasites capable of gurviving as adults in hosts
of different species. ore work is needed to amplify and
confirm these results for other genera and species of

parasites.
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Reprinted from
TRANSACTIONS OF THE RovaL SocIETY oF TRoPICAL MEDICINE AND HYGIENE.
Vol. 58. No. 2. p. 196, 1964.

THE RECOVERY AND ‘TRANSPORTATION OF Schistosoma haematobium Eccs FRoM THE FIELD

S1rR,—The recovery of eggs from field cases of urinary schistosomiasis, and more particularly
their successful transportation over long distances to the laboratory, has presented considerable difficulty
in the past. The following technique has proved very successful in the transportation of viable eggs
from Africa and the Middle East to the United Kingdom on numerous occasions and may be of interest
to other workers.

Terminal urine samples and those collected after exercise yield the highest concentration of eggs
and make the collection of larger quantities (e.g., 24 hour samples) largely unnecessary.

Procedure

Set up the sample in clean urine glasses in a cool place and away from bright light if possible.
Allow to sediment for at least an hour. Examine with a microscope for the presence of viable eggs.
Pipette the sediment from heavily infected samples to centrifuge tubes, preferably of the conical type.
Add normal saline solution, shake to resuspend the sediment and centrifuge at 1500 rpm. for 2 to 3
minutes. Suck off the supernatant liquid, resuspend in saline containing 100 i.u. penicillin per ml.
and centrifuge again. Repeat. Finally resuspend the deposit in penicillin-saline or saline alone.
The sample should be chilled (but not frozen) until required.

For transport to the U.K. a small vacuum flask is used and should be chilled for 2 to 3 hours
before use. The washed sediment prepared as above should be transferred to a chilled screw-topped
Universal bottle and sealed with wax. The bottles are packed in the flask, together with a little ice
to keep the contents cool and sufficient cotton wool to protect the vacuum vessel. They are then sent
by air to the U.K. by the quickest route.

Timing of the whole operation is important to eliminate as much travelling and waiting time as
possible during transit. The flask and contents should be kept chilled whenever possible, even on
arrival in the U.K. Written instructions to this effect should be attached to the outside of the flask.
It is important that the pressure in the flask and that within the aircraft are allowed to equilibrate to
prevent the flask from shattering.

This method has yielded thousands of miracidia from each urine sample and has enabled laboratory
cultures to be successfully established on numerous occasions. It is considerably superior in results
to sending newly infected snails by air, when mortality is often high.

I am, etc.,
J. M. JEWSBURY, B.SC., A.R.C.S.,

Veterinary and Agricultural Research Department, The Pfizer Group.
Sandiwich, Kent.
2nd January, 1964,
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