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Experimental Schistosomiasis in Primates
in Tanzania

Preliminary Observations on the Susceptibility of the Baboon
Papio anubis to Schistosoma haematobium and Schistosoma mansoni *

P. JORDAN,' F. VON LICHTENBERG 2 & K. D. GOATLY 3

Laboratory infection of animals with Schistosoma haematobium is generally unsatis-
factory as adult worms invariably inhabit the portal venous system rather than the vesical
plexus as in man. However, it was thought that certain primates might prove more valuable
for experimental studies of schistosomiasis than the usual laboratory animals. Baboons,
Papio anubis, were therefore exposed to cercariae of S. haematobium and the pattern of
egg excretion in stools and urine was followed quantitatively. Histological studies of
various organs were made and it was found that although eggs were excreted in the faeces,
they were also passed in the urine and that tissue changes in the bladder were similar to
those found in human infections. It is suggested that the sequelae of S. haematobium
infection found in man might develop in baboons and that the animal may be useful for
studying their development in the laboratory.

As far as can be ascertained from the literature
there are no previous reports of experimental
infection of Papio anubis with Schistosoma haema-
tobium, although Sadun et al. (1966) found this host
susceptible to Schistosoma mansoni with egg excre-
tion continuing over 7 months. Kuntz & Malakatis
(1955) and Newsome (1956) have recorded data
relating to laboratory infections in Papio hamnadryas,
and terminal-spined ova have been found in wild-
caught Papio doguera from Kenya (Nelson, 1965)
and Papio rhodesiae from Southern Rhodesia
(Purvis et al., 1965).
The present communication reports a preliminary

investigation to determine the susceptibility of
P. anubis to S. haematobium, with particular refer-
ence to its possible use as an animal for investigating
this infection in the laboratory.

* This work was carried out at the East African Institute
for Medical Research, Mwanza, Tanzania, with a grant
from the World Health Organization.
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MATERIALS AND METHODS

The baboons used in these experiments were
captured in the western end of the Serengeti Plains
of Tanzania.

In spite of being in captivity for many months the
animals never became tame and when handling was
necessary they were given phencyclidine hydro-
chloride (Sernyl) by intramuscular injection, and
subsequently pentobarbital sodium (Nembutal)
intraperitoneally.

In the first series of experiments, involving 4
animals, 3 large baboons were exposed to 1000, 500
and 125 cercariae of S. haematobium respectively.
The two animals given the lighter infections were
subsequently re-exposed to over 2000 cercariae-in
one (baboon 3) when the primary infection had died
out after 2 years. The fourth baboon was exposed
to 2000 cercariae, which were thought to be from
a pure culture of Schistosoma bovis but in the event
a very light, short-lived S. haematobium infection
developed, and re-exposure to S. haematobium cer-
cariae was followed by a well-established infection.
S. bovis eggs were not found in the excreta, nor in
tissue digests at autopsy.
A second series of animals were exposed twice

(initially to 1000, and subsequently to 2000, cer-
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cariae), the second exposure being made in different
animals 1 day, 1 week, 1 month, 2 months and
4 months after the primary infection, in an endeavour
to determine whether a build-up in egg excretion
occurred which might be related to a concomitant
increase in the number of adult worms. Two other
baboons were exposed to 1000 and 3000 cercariae
respectively for comparison with those exposed
twice.
Two animals were exposed to 20 000 S. haema-

tobium cercariae and 85 000 cercariae of Schistosoma
mansoni respectively.

Different methods of exposing the animals to
cercariae were used and these are shown in Table 1.
" Extremity exposure " was tried initially when
hands and feet were placed for 1 hour in water con-
taining known numbers of cercariae. " Ring "

exposure was carried out by placing a metal ring on
the abdomen of the animal, sealing with petroleum
jelly and introducing the cercarial suspension into
the ring. The " belly-basin" method was also tried
when folds of skin on the abdomen and thighs were
pinched up to form a basin into which the cercarial
suspension was placed.
These methods were not entirely satisfactory and

subsequently the " belly-exposure " method was
used, in which the anaesthetized animal was placed
over a tray containing the cercarial suspension in
such a position as to ensure contact of the abdomen
with it.

Cercariae were obtained from laboratory-infected
or naturally infected Bulinus (Physopsis) nasutus
productus. The number of cercariae in the suspension
was determined by passing 3 x l-ml aliquots through
filter-paper in a Buchner funnel, subsequently
staining with 1% ninhydrin, and counting cercariae
using a dissecting microscope (Webbe, 1962). The
number remaining in the suspension after exposure
of animals was determined in a similar manner, the
whole of the suspension being filtered and the cer-
cariae counted. In this way the number of cercariae
likely to have penetrated-the cercarial penetrating
dose (CPD) as distinct from the cercarial exposure
dose (CED)-was ascertained.

Suitable trays for collecting excreta were placed
under the baboon cages and urine and stools were
examined weekly from the sixth week after exposure.
Urines were centrifuged and examined in the usual
way for ova; stools were examined by the AMS III
method. Once eggs were found, quantitative deter-
minations of egg output in 24-hour collections of
urine and stool were made using a modified version

of the method described by Jordan (1961) for urine,
and the filtration-staining technique (Bell, 1963) for
stools. The total volume of urine and the weight of
faeces passed in 24 hours were measured. (The
possible loss of urine volume from evaporation has
been ignored in these observations.)

In different animals skin and lung biopsy speci-
mens were taken 7-10 days after exposure or re-
exposure. Autopsies were performed on all baboons
sacrificed or spontaneously dead listed in Table 1.
Complete histopathology studies were done on
baboons 1, 2, 4, 6, 7, 10, 11, 12, and on baboon 5
(S. mansoni infection).
The perfusion technique used at autopsies for

recovering adult worms was the same as that de-
scribed by Jordan & Goatly (1966) for the investiga-
tion of schistosome infections in monkeys. Following
initial perfusion attempts, heparin was injected prior
to death to prevent clotting and facilitate perfusion
in those animals killed for the purpose. Those which
died were not perfused.

RESULTS

A summary of data relating to each baboon is
given in Table 1 and examples of some egg excretion
patterns are shown in Fig. 1 and 2.

Histopathology

The skin biopsies showed cercarial dermatitis with
focal hyperkeratosis and inflammatory cell infiltra-
tion in all re-exposed baboons. After single exposure
(baboon 6), inflammatory changes were minimal.
No schistosomula or tuft-like foci (von Lichtenberg
& Ritchie, 1961) were found in the lung samples, but
petechiae and focal atelectasis were seen sporadically.
At autopsy, there was generally little macroscopic

pathology. Small granulomas were visible in the livers
of baboons 7 and 11. The lungs were " mottled " in
baboons 7, 11 and 12 and the right lower lobe was

' haemorrhagic" in baboon 7, in which the mesen-
tery was covered by fine " peppery" grains. The
bladders of baboons 10 and 11 showed haemorrhagic
areas (Fig. 3), which were also seen to a lesser extent
in the large bowel.

Histopathologically, the baboons were free of
spontaneous disease, except for a probable pen-
tastomid organism in the liver of one animal.
The S. haematobium lesions were mild in baboons 1
and 2 (moderate exposure, chronic infection),
intermediate in baboon 4, and severe in baboons 6,
7, 10, 11 and 12 (spontaneous death after large
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FIG. 1
VARIABLE PATTERN OF EGG-OUTPUT IN STOOL AND URINE OF BABOONS INFECTED

WITH S. HAEMATOBIUM
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SUMMARY OF D

Baboon Weight Method of exposure Percentage Prepatent period (days)Nabo.n and infecting CPD/CED a of cercariae
lb kg organism penetrating Stool Urine

1 20 9 Extremity; 773/1 000 77 125 137
S. haematobium

2 16 3, 7.6 Extremity; 367/500 73 193 166
S. haematobium 11 months later

1 895/2 300 68

3 15 6.8 Extremity; 40/125 32 127 168

{ | S. haematobium 26 months later
1 041/2200 47 154 Not found

4 6 2.7 Extremity; DNO/2 200 - 145 145
S. haematobium

9 months later
483/560 86 85 148

15 | 9 2 4.3 Belly;
S. haematobium 808/1 000 81 77 210G

11 7, 3.5 Ring;
S. haematobium DNO/2 000 b - 77 77

6 7 3.2 Belly-basin;
S. haematobium DNO/3 000 b - 77 112

13 7 Y4 3.3 Belly;
S. haematobium 2 062/3 000 69 77 112

8 7 Y4 3.3 Belly; 725/1 000 72
S. haematobium 1 day later 75 97

808/2 000 40

7 7 X, 3.4 Belly: 911/1 000 91 77 84
S. haematobium 1 week later

DNO/2 000 -

9 5 2.3 Belly; 786/1 000 78
S. haematobium 82 96

746/2 000 37

10 4 2 Belly; 435/1 000 43
S. haematobium 2 months later 69 104

840/2 000 42

14 7 ,' 3.4 Belly; 567/1 000 57
S. haematobium 4 months later 78 84

1 131/2000 56

12 8 3 4 Ring; 20 000/16 887 84 70 70
S. haematobium

5 29 13 Extremity; 85 000/81 804 96 41
S. mansoni

a CPD: cercarial penetrating dose; CED: cercarial exposure dose; DNO: data not obtained.



NFECTED BABOONS

Maximum egg excretion

Per 24 hours
L Per g stool

Remarks
Per 10 ml urine

6 A light infection. Animal killed 12 months after infection when
excreting a few eggs in stool. 6 adults found on perfusion.

20 Well-established primary infection.
Egg passage decreased after re-exposure and ceased 7 months
later. Autopsy 2 months later. No adults found on perfusion.

14

Nil

Infection established 2 years then died out.
6 weeks later reinfected. Second infection well established
for 13 weeks at time observations ceased.

35 Cercarial suspension thought to be pure S. bovis but short-
lived, light infection of S. haematobium developed. No S. bovis
eggs excreted.
Re-exposed to S. haematobium. Patent infection established

30 for 7 months before animal died. No data on adult worm load.

63

33

Observations ceased at 32nd week. Eggs in urine on one
occasion only.

Died one week after start of egg excretion. 275 adult worms
obtained by dissection.

Died 11 weeks after start of egg excretion. No data on adult
worm load obtained.

Observations ceased at 32nd week.

103 Observations ceased at 32nd week.

41 Died 3 weeks after start of egg excretion.

24 Observations ceased at 32nd week.

47 Failed to recover from anaesthetic 19 weeks after start of egg
excretion. No data on adult worm load.

28 Observations ceased at 32nd week.

27 Died following anaesthetic; well-established infection for
9 weeks. 522 adult worms obtained by dissection.

676 Animal very ill 2 weeks after commencement of egg excretion
and was killed. 5 704 adult worms obtained by perfusion.

b Cercarial suspension leaked.
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FIG. 2
EGG-OUTPUT PATTERN FOR 2 YEARS AFTER PRIMARY INFECTION OF BABOON WITH S. HAEMATOBIUM

FOLLOWED BY REINFECTION
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exposures). Adult worms were seen in sections of
heavily infected liver (baboons 6, 7, 12) (Fig. 4) and
lung (baboon 12; Fig. 5). Blackish-brown pigment
was seen in the spleen and in the liver, in amounts
proportional to the severity of infection.

Schistosome eggs and associated lesions were
observed, in order of frequency, in the sections of
colon, bladder, lung and liver. In addition, heavily
infected baboons showed eggs and lesions in slides
of the spleen, small intestine, mesenteries and
lymph-nodes.

Colon. Heavily infected baboons had over 100 eggs
per section with diffuse inflammatory infiltration and
oedema of the submucosa, and with spotty mucosal
ulceration and haemorrhage. Eggs were most
numerous in the submucosa, but were found in all
layers (Fig. 6). The mild cases had over 20 eggs
per section, with focal inflammation but without
significant submucosal thickening. Calcification of
eggs as determined by alizarin red staining was seen
in baboons 12, 10, 6, 5, 4, 2.

Bladder. As a rule, bladder involvement was
comparable to or somewhat less in degree than that
of the colon, ranging from 2 eggs per slide (baboon 1)

------ E4gs in urine

to over 100 (baboons 7, 11 and 12). In heavy
infections, all layers were involved, including the
subserosa, with the largest concentration of eggs
found in the submucosa (Fig. 7). A few eggs were
seen free within mucosal recesses or cell nests. The
stages of egg development ranged from immaturity
to degeneration, with mature eggs predominating
(Fig. 8). In two baboons (12 and 2) calcified eggs
were seen in the tissues following alizarin red
staining, but in baboons 11, 10 and 6 no calcification
was seen. Inflammation of the submucosa tended to
be diffuse, with many eosinophils, and with but few
discrete granulomas (Fig. 7 and 8). Rarely, tiny
Charcot-Leyden crystals were seen lying between
masses of eosinophils (baboon 7). Often, the sub-
mucosa was irregularly thickened by oedema, con-
gestion and spotty submucosal haemorrhage, thus
throwing the mucosa into polypoid folds. In two
instances, there was early fibroblastic proliferation
around haemosiderin-pigmented granulation tissue.
The mucosa was proliferated, infiltrated with
inflammatory cells and showed minute superficial
erosions, as well as Brunn's nests (Fig. 8). No
metaplasia or cyst formation was seen. In mild
infection, eggs and eosinophils were scanty, the
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FIG. 3
GROSS PHOTOGRAPH OF BABOON BLADDER a

a Dark, haemorrhagic areas alternate with raised confluent,
yellowish inflammatory swellings of the mucosa.

submucosa was minimally thickened with scattered
lymphoid cell foci, and the mucosa was free of
ulceration. Sections of ureter (baboons 2 and 4)
showed absence of obstruction or muscular hyper-
trophy, and presence of a few degenerated eggs and
scars in the peripheral connective tissue layer.
The ureter of baboon 4 showed submucosal lym-
phoid cell infiltration similar to that of the bladder
(Fig. 9).

Lung. Involvement was intense in severe infections,
with up to 50 eggs and granulomas per slide. Focal
arteritis was frequent and, in baboons 11 and 12,
necrotizing and angiomatoid (Fig. 10) lesions were
seen. In addition, baboon 7 showed spotty pneu-
monitis with numerous eosinophils and focal con-
solidation, accompanied by marked congestion.
The mild cases showed a few eggs and granulomas
and mild pulmonary congestion.

Liver. Pathology was variable and generally
milder than in S. mansoni infection, with maximum
involvement of 48 eggs per slide. Granulomas were
discete, mostly containig single ova (Fig. 11).
The liver architecture was normal without signi-
ficant fibrosis. Diffuse, small-droplet, fatty change
of parenchymal cells was found in 4 heavily infected
livers (Fig. 11) but has occasionally been observed
in uninfected baboons.

Baboon 5, infected with S. mansoni, showed
multiple liver granulomata, and large numbers of
small nodules were also seen on the peritoneal
surface of the large intestines; fewer were present
on the small intestines. The mesenteric glands were
enlarged and a little free fluid was present in the
peritoneal cavity. The large intestines showed
extreme hyperaemia of the mucosa. The bladder
contained one or two haemorrhagic points.

Histologically, the lesions and egg-distribution
were similar to those reported earlier (Sadun et al.,
1966), with severe schistosomal colitis and liver
involvement.

Aside from differences in organ distribution,
there were no reliable diagnostic differences between
the tissue reactions to S. haematobium and to S.
mansoni in the baboon, as judged on the basis of
this series and of earlier studies.
The following features, when combined, were

suggestive of S. haematobium infection: poor
delimitation of granulomas; sheet-like, diffuse
inflammation around groups of eggs (Fig. 6 and 7);
massive eosinophilia with Charcot-Leyden crystals.
These features are also characteristic of early human
S. haematobium infection, but may vary in other
hosts; absence of acid-fast staining of the egg shell
(Rousset et al., 1962) is at present the most reliable
differential histological feature.

DISCUSSION

Cercarial penetration of the skin was followed by
the development of a well-marked rash, best seen
when the abdomen-immersion method of infection
was used.

Course ofprimary infection
The prepatent period varied between 69 and 193

days; the longer period appeared to be associated
with the heavier and probably older animals. Eggs
were usually found in the stools earlier than in the
urine and generally more eggs were excreted in the
former but the pattern of egg passage in urine and

5
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RELATION BETWEEN
TABLE 2

EGG-OUTPUT, CERCARIAL PENETRATING DOSE (CPD)
AND WEIGHT OF ANIMAL

Initial exposures Second exposures

Baboon Baboon Baboon Baboon Baboon Baboon Baboon Baboon Baboon
3 2 10 9 15 8 13 4 3

Weight

lb 15 163M 4 5 9% 7 4 7 6 15

kg 6.8 7.6 2 2.3 4.3 3.3 3.3 2.7 6.8

CPD 40 367 435 a 786 b 808 1 533 c 2 062 483 1 041

Total of 13 weekly 12-hour egg-
outputs (first weeks of patency) 1 083 2 406 20 098 8 410 16 024 22 794 22 160 1 232 9 462

Egg-output/CPD 27.0 6.5 46.1 10.7 19.8 14.8 10.7 2.5 9.0

Egg-output/CPD/1 lb weight 1.8 0.38 10.2 2.1 2.1 2 1.4 0.41 0.6

a Second exposure after 8 weeks.
b Second exposure after 4 weeks.
c Second exposure after 24 hours.

stool varied considerably from one baboon to
another (Fig. 1).

Table 2 shows the relationship between the CPD
and 1/7th of the total number of eggs excreted in the
first 13 weeks of patency in 7 animals (i.e., the total
of 24-hour outputs determined once weekly for
13 weeks). It will be seen that generally the higher
the CPD, the greater was the egg excretion.
Baboon 3 (Fig. 2) was the only animal infected

once which was followed up for a long time. Egg
excretion was noted in both stool and urine for a
period of 2 years following primary exposure.
Baboon 4 was originally exposed to cercariae of

S. bovis, but a few cercariae of S. haematobium must
have been in the suspension since eggs of this worm
were excreted in the urine and stool on two occasions.
No eggs of S. bovis were found in the urine or stool
and at autopsy of this animal none were found in
the liver, bladder or intestines, although S. haema-
tobium eggs were found.
Baboon 4, with a short-lived S. haematobium

infection, and baboon 3, which showed a well-
established infection of 2 years' duration, were both
re-exposed to S. haematobium cercariae. Other
animals were re-exposed during the prepatent period
or when the infection was patent.

In several of these challenged baboons, egg excre-
tion declined to low levels within a few months and,
in baboon 2, it ceased completely after 7 months.
Since this trend may be related to acquired resistance,

it is of no help in assessing the fate of primary
infection. However, in view of the general variability
reported by others in primate schistosome infections
(Sadun et al., 1966), more observations of chronic
single infections will be needed fully to assess the
degree of susceptibility of P. anubis to S. haemato-
bium, although there seems little doubt that egg
excretion can continue for a long time in these
animals.

Effect ofsecond exposure

Following the cessation of egg passage of a
primary infection. Baboons 3 and 4 were re-exposed
to S. haematobium cercariae 6 weeks after they had
ceased to pass eggs following a primary exposure.
In both cases the infection was re-established-
baboon 4 passed eggs in the urine and stool for
7 months before dying, and baboon 3 was followed
for 13 weeks before observations were terminated.
Both second infections appeared to follow the
pattern of a primary infection-in one, the pre-
patent period was slightly longer than initially
(154 days compared with 127), in the other it was
shorter (85 days compared with 145). Compared
with the number of eggs excreted following primary
exposure, egg output in these two baboons (Table 2)
might be considered low in relation to the CPD,
although the considerable variation in egg output
following primary exposure makes an accurate com-
parison difficult. There is, however, a suggestion

400



FIG. 4
LIVER OF BABOON 12 a

ZF* _,^* f ,

a Adult male and female flukes occupy a large portal radicle; a healing composite granuloma containing degenerate eggs

divides the separate lumen. Aside from scattered lymphoid cells, the portal field is normal. Haematoxylin-eosin stain; magnifi-
cation x 184 approx.
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FIG. 5
LUNG OF BABOON 12a

k

a Numerous male worms in distended arterial branches, surrounded by diffuse inflammation; adjacent lung shows congestion,
oedema and focal inflammation. Haematoxylin-eosin stain; magnification x 74 approx.



FIG. 6

COLON OF BABOON l a

a Massive S. haematobium colitis; note clustering of eggs and diffuse, sheet-like inflammation in the thickened submucosa.
Many of these inflammatory cells are eosinophils. Haematoxylin-eosin stain; magnification x 74 approx.



FIG. 7
BLADDER OF BABOON 10 a

a Similar to Fig. 6, showing mucosal proliferation and Brunn's nests, some of them containing free schistosome eggs. Note
diffuse inflammatory infiltration, poor limitation of granulomata. Haematoxylin-eosin stain; magnification x 74 approx.



FIG. 8
CENTRAL FIELD OF FIG. 7 a

a Some mature eggs with intact miracidial nerve centres, and some degenerated eggs. The mucosa and submucosa show
inflammatory infiltration with eosinophils and lymphoid cells; the submucosa is richly vascularized. Haematoxylin-eosin stain;
magnification x 184 approx.



FIG. 9
URETER OF BABOON 4 (t
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a Lymphoid cell infiltration of the submucosa; a few scars with residua Ilymphoid cells are seen in the periureteral connective
tissue. The structure and lumen are otherwise normal. Haematoxylin-eosin stain; magnification x 74 approx.



FIG. 10
LUNG OF BABOON Iia
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a Inflamed juxtabronchiolar arteriole with multiple lumina, and disrupted medial layer, so-called " angiomatoid lesion ".
Note mixed inflammatory cell infiltrate. The bronchiolar epithelium is seen in the lower part of the fleld but no schistosome egg is
present. Haematoxylin-eosin stain; magnification x 460 approx.
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FIG. 11
LIVER OF BABOON 11 a

a Mildly enlarged porta field (left) with faintly stained granuloma and positive egg; central vein (right) is normal; liver cell
trabeculae are rpdiating in an orderly fashion, and show numerous fat vacuoles; sinusoids are slightly dilated. Sudan black B
stain; magnification x 184 approx.
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of some resistance to reinfection which becomes
more apparent when the ratio egg-output/CPD is
related to the weight of the animal (Table 2). It will
be seen from Table 2 that, apart from data from
baboon 2, the value for egg-output/CPD/weight is
greater following a primary infection than following
a second exposure.

It is interesting to speculate that the lower ratios
found in animals. exposed to few and large numbers
of cercariae respectively might be a reflection of the
difficulty the worms had in finding a mate in the
one case and ofa crowding effect when large numbers
of cercariae were used in the other.

During theprepatent andpatent periods. Baboons 7,
8 and 9 were re-exposed to cercariae during the
prepatent period and baboons 10 and 14 when the
infection was patent. Compared with the animals
given single exposures to comparable numbers of
cercariae, there was no evidence of a build-up of egg
excretion, although the variable pattern of egg
excretion in these animals made accurate com-
parisons difficult.

Penetration of cercariae at initial and second
exposure
It is of interest to note the proportion of cercariae

penetrating on first and second exposure (Table 1).
In baboons 10 and 14 (second exposure after 2
and 4 months respectively) and baboons 2 and 3
(second exposure after 11 months and 2 years
respectively) there was no appreciable difference in
the percentage of cercariae penetrating, but in
baboons S and 9 (second exposure after 1 day and
1 month-respectively) there was a considerable drop
in the percentage of cercariae penetrating at the
second exposure. The poor penetration (40%) the
day following the primary exposure (when 72%
penetrated) in baboon 8 may be related to the
apparent resistance of mice to reinfection within
24 hours of a primary infection (Stirewalt, 1953),
but it is diffult to explain the results in baboon
9 where 78% and 37% penetrated at the initial
exposure and 1 month later, unless there is some
resistance to cercarial penetration at this time
relative to the stage of development of schisto-
somulae. Differences in the infectivity of different
batches of cercariae used in these experiments
might, however, be responsible for the results
obtained.
The proportion of cercariae of S. mansoni pene-

trating (baboon 5)- was higher than that of S.
haematobium penetrating any of the other animals.

Viability of eggs
Eggs from the stools and urine of infected animals

were hatched by normal methods and the miracidia
proved capable of infecting B. (P.) nasutus productus,
the intermediate host of S. haematobium in the
Mwanza area.

Periodicity oJ egg excretion
Urine passed by the animals during the day and

night was collected separately over a period to
determine whether the diurnal periodicity of egg
output that occurs in infected humans also occurred
in baboons. No significant difference in egg output
at different times of the 24 hours was detected.

Egg production by female worms
Interest has recently been shown in the number

of eggs produced per day by female schistosome
worms. An attempt was therefore made to obtain
an estimate of the number of eggs excreted per
female worm per day in baboons 1, 11 and 12.
The output per 24 hours obtained weekly for 6 weeks
prior to autopsy was used in calculations in relation
to baboons 1 and 12. Baboon 11 died shortly after
egg excretion commenced and in this animal findings
are based on a single 24-hour stool collection.

Using as a basis for calculation the total number
of paired adults found at autopsy (i.e., those found
in the mesenteric veins and the liver), it was estimated
that the daily egg excretion per female was 113
(baboon 1), 28 (baboon 11) and 22 (baboon 12).

Technically, it is more likely that the number of
adult worms found was an underestimate rather
than that the figures for the number of eggs passed
was inaccurate. The above estimates may therefore
be high. The worms histologically found in small
lung and liver vessels are difficult to dislodge by
perfusion, particularly in heavily infected animals.

Aliquots of the liver of baboon 1 were weighed
and digested, and the number of eggs in the liver
(total weight 255 g) was calculated to be 45 000.
The egg excretion had been low for the whole of the
patent period and no apparent decrease in the
number of eggs being excreted was noted prior to
the death of the animal. If the two female worms
found were in fact responsible for all the eggs
passed in the faeces and those found in the liver
(a 7-month collection), an average egg production
of 194 eggs per female per day is obtained, of which
113 (or 58% of the daily production) are excreted.
The figure for total egg output will be low as no
digestion of intestines or other tissues was under-
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taken. The egg-output in hamsters has recently been
calculated to vary between 28 and 281 with a mean
of 105 (Wright & Bennett, 1967a, 1967b).

In baboon 5, heavily infected with S. mansoni,
a total of 5704 adult worms were obtained on per-
fusion. Among these there were 319 pairs in the
mesenteric veins and 153 in the liver. The average
egg-output on two days just prior to death was
28 569. The output per female worm (based on
total paired females) was therefore 60 per day;
based on paired females in the mesenteric vein only
it was 90 per day.
These figures are highly speculative, and the

question remains whether egg production in the
human host is the same as in an animal host, and,
further, whether egg-output may not be affected by
the largely intestinal habitat of the adult worm in
animals compared with its more usual habitat in the
vesical plexus in man. It is thought, however, that
comparative studies in different animals may be of
some help in solving this important quantitative
question in the study of schistosomiasis.

Location of adult worms

The reason for S. haematobium invading the
portal system more than the vesical system of
laboratory animals (in contrast with its behaviour
in the human host) is at present unknown. In an
endeavour to determine whether the habitat could
be changed by diet, baboon 3 was given an increased
animal protein diet rather than the vegetable diet
normally given to these animals. After 3 weeks,
however, there was no evidence of movement of the
adult worms to the vesical plexus (as judged by
increased numbers of eggs in the urine), and a
normal diet was resumed. In future work, however,
it would be of interest to infect animals already con-
ditioned to a changed diet in an endeavour to
determine the part that the products of intestinal
metabolism might play in the location of adult
S. haematobium worms.

RI-S

La receptivite du babouin, Papio anubis, a l'infection
experimentale par Schistosoma haematobium et S. man-
soni a fait l'objet d'une 6tude pr6liminaire a l'Institut
est-africain de la Recherche medicale a Mwanza, Tan-
zanie.
Quatorze babouins ont et expos6s 'a un nombre

variable de cercaires de S. haematobium, certains d'entre
eux etant soumis a une reinfection apres un intervalle de

In baboon 5, heavily infected with S. mansoni,
eggs were found in the urine. It seems likely that
this was due to a crowding effect and this may be the
reason for S. mansoni eggs being found occasionally
in the urine of humans.

Bladder pathology
Despite prolonged excretion of eggs in the urine

for up to 2 years (baboon 3), calcification of the
bladder was not observed by X-ray although cal-
cified eggs were seen in bladder sections in baboons 2
and 12. Since baboon 3 initially received only 125
cercariae the failure to demonstrate bladder calci-
fication by X-ray might be due to the light infection.
The experimental lesions in severely infected baboons
resemble the earliest pathology (" stage I ") seen in
human autopsy cases in Western Nigeria (Edington,
Taylor, Nwabuebo and von Lichtenberg, unpub-
lished), which is characterized by non-calcified eggs,
diffuse inflammation, massive eosinophil infiltration,
and submucosal oedema. Non-calcified lesions of
this type may correspond to the characteristic
symmetrical mucosal protrusions sometimes demon-
strated by intravenous pyelography in children, in
whom they can be associated with reversible hydro-
ureter or hydronephrosis (Lucas et al., 1966).
Unfortunately, in our baboons ureteral involvement
was not studied systematically, but hydronephrosis
has not been observed at autopsy to date.

Since calcified bladder in man is associated with
massive infection (Forsyth & Macdonald, 1965) and
since it presumably belongs to a more advanced
stage of infection than we have studied experi-
mentally, more prolonged observations, or repeated
exposures, may be required to reproduce this lesion
in baboons. Although there is no certainty that
calcification of schistosome eggs will occur as
readily in this host as it does in mice or in man,
studies of prolonged, chronic infection in baboons
may prove to be of value in understanding the
natural history of schistosomal hydronephrosis.

sUMS

un jour a deux ans. Les observations d6taill6es faites a
cette occasion ont porte a la fois sur les modalites evolu-
tives de la schistosomiase experimentale et sur les aspects
histopathologiques des lesions organiques produites chez
l'animal.

Lors des premieres infections, la duree de la periode
prepatente a e ordinairement de 11 semaines environ,
depassant cependant 20 semaines chez certains animaux
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Ages et peu infectes. En regle gen6rale, les ceufs sont
apparus d'abord dans les selles, puis dans l'urine,
1'excretion 6tant plus ou moins abondante et en rapport
avec l'importance de la dose de cercaires utilis6e au
moment de 1'exposition. Apres extinction graduelle de
l'infection initiale chez deux babouins, une nouvelle
infection experimentale a entrain6 la reprise de l'excr&
tion, bien que ces animaux aient vraisemblablement acquis
un certain degre de r6sistance. Des tentatives visant A
accroitre l'elimination des wcufs par r6infection durant
ou apres la periode pr6patente ont 6choue. Chez deux
babouins reexposes un jour et un mois apres la premiere
infection, la penetration cercarienne a e beaucoup
moins importante; apres 2 A 24 mois, en revanche, son
intensite a ete du meme ordre que celle notee pendant la
premiere exposition.

L'e1imination des ceufs s'est effectuee sans periodicite
nette au cours de 24 heures. Les taux d'excretion, calcul6s
chez trois babouins, ont ete respectivement de 22, 28 et
113 aeufs par schistosome femelle et par jour. Chez un
autre animal, on a evalue la production d'eufs a 194 par
femelle et par jour, excretes dans la proportion de 58%
seulement.
En depit du passage prolonge (deux ans dans un cas)

d'ceufs dans l'urine, aucune calcification de la vessie n'a
ete decelee a l'examen radiologique. Cependant, A I'au-
topsie, la vessie de deux babouins renfermait des ceufs
calcifies. Le tableau histologique des lesions vesicales

6tait tres semblable a celui observe chez l'homme: pr6-
sence d'eufs non calcifi6s, inflammation diffuse, infiltra-
tion eosinophile massive, aedeme sous-muqueux. Le
colon montrait une atteinte identique, avec en outre par
endroits des uIcerations et des hemorragies de la
muqueuse. Les poumons presentaient des foyers d'arte-
rite avec des 1lsions de type necrotique et < angioma-
tolde *>. Dans le foie, sans fibrose appreciable, quelques
granulomes renfermaient generalement un seul euf.
Quatre foies provenant d'animaux tres infectes etaient
atteints de degenerescence graisseuse des cellules paren-
chymateuses.
Aucune elimination d'aeufs n'a 0t6 constatee chez un

babouin expose a l'infection par S. bovis. Par la suite,
cet animal a ete infecte avec succes par S. haematobium.
Aucun ceuf de S. bovis n'a ete decouvert a l'examen
n6cropsique.
Un babouin expose a 85 000 cercaires de S. mansoni a

present6 une schistosomiase aigue grave et a dfi tre
sacrifie. Les observations histopathologiques effectuees
chez cet animal concordaient avec celles faites sur ses
congeneres infectes par S. haematobium.
La receptivite de Papio anubis 'a l'infection par S. hae-

matobium, et la similitude des lesions vesicales chez cet
animal et chez l'homme, laissent entrevoir la possibilitM
d'etudier chez le babouin les s6quelles de la schistosomiase
v6sicale, et notamment l'hydronephrose.
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