
Bull. Org. mond. Sante 11972, 46 295-300
Bull. Wld Hlth Org. 4 9

Comparison of geographical strains
of Schistosoma mansoni in the rhesus monkey*
KENDALL G. POWERS & ALLEN W. CHEEVER

Rhesus monkeys were infected with strains of Schistosoma mansoni from Puerto
Rico, St Lucia, Brazil, and Tanzania. Monkeys were killed 11-14 weeks after exposure to
600-650 cercariae. Some differences in the behaviour of different strains were noted, but
the similarities between the strains were more remarkable. The only strain difference
observed in both mice and monkeys was a prolonged prepatent period in animals infected
with the Mwanza strain. The results of experimental infections are believed to be of little
value in predicting possible differences in the pathogenicity ofschistosome strains for man.

In a previous study, several differences in the
behaviour of different strains of Schistosoma man-
soni in mice were noted (Anderson & Cheever, 1972).
We were interested in studying these same strains in
monkeys for several reasons. First, the quantitative
biology of S. mansoni infections differs profoundly
in rhesus monkeys and mice (Cheever & Powers,
1969; Cheever, 1969), partly because of the much
more rapid rate of destruction of S. mansoni eggs in
the tissues of monkeys (Cheever & Powers, 1971).
A second point of interest was the relative number
of eggs passed in the faeces by hosts infected with
different strains, a feature that can be studied better
in a relatively large host. Finally, the behaviour of
a given strain of S. mansoni has been shown to vary
greatly in different hosts (Saoud, 1966; Nelson &
Saoud, 1968), so that the study ofa single host species
is not sufficient to characterize a parasite strain.
The present study was limited to the first 3 months

of infection, a period in which immunity of the rhesus
monkey was not an important variable. The number
of eggs that accumulated in the tissues and that were
passed in the faeces of monkeys infected with the
various strains were compared, as were the gross and
histological pathology.

MATERIALS AND METHODS

The schistosome strains studied were those used
for infecting mice in the previous study (Anderson &
Cheever, 1972). The previous history of the strains
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is shown in Table 1. Whenever possible, the snail
vector from the region of origin was used to maintain
the life cycle in the laboratory.
Rhesus monkeys (Macaca mulatta) of both sexes

and weighing 2.0-4.4 kg were exposed percutane-
ously to 600-650 S. mansoni cercariae as previously
described (Powers & Cheever, 1968). Cercariae of
the following strains were used: St Lucia, B.W.I.
(SL); Mwanza, Tanzania (Mw); Belo Horizonte,
Brazil (BH); a recently isolated strain from Puerto
Rico (W-PR); and a Puerto Rican strain maintained
in the laboratory for many years (NIH-PR). Faeces
were collected over a 24-hour period, twice each
week, beginning 5 weeks after exposure. Until
the end of the seventh week faeces were examined
by a modification of the Bell filter paper technique,
and thereafter by a dilution technique (Cheever &
Powers, 1968).
The monkeys were killed about 12 weeks after

infection and the worms were recovered by perfusion
(Cheever & Powers, 1969). S. mansoni eggs in
potassium hydroxide digests of the liver, lungs, and
intestines were counted as previously described
(Cheever & Powers, 1968). Insignificant numbers
of eggs were found in digests of the intestinal mesen-
teries and abdominal lymph nodes, and these were
not routinely examined. The number of viable eggs
per worm pair present in the tissues was determined
from oograms of homogenates of portions of the
liver, small intestine, and colon (Cheever & Powers,
1971). The number of worm pairs was taken to be
the number of mature female worms recovered.

Since only 4-8 monkeys were infected with each
strain, the standard errors shown in Tables 2 and 3
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Table 1. Background data on the S. mansonl strains used

Strain ~ ~~~~Approximate number of |Mammalian host | Snailtrain ~~passages in laboratory for passage hosta

Puerto Rico (NIH-PR) many | mouse M

Puerto Rico (W-PR) 0 man W-PR

Saint Lucia (SL) exp. I 0 man SL

exp. 2 3-4 mouse SL

Belo Horizonte (BH) exp. 1 1-2 mouse BH

exp. 2 4-6 mouse BH

Mwanza (Mw) exp. 1 t' I rhesus monkey X- PR

exp. 2 0 man Mw

a All snail hosts were Blomphalaria glabrata, except for that for the Mw strain, which was not identified
(B. sudanica or B. phelfferi). " M " refers to the M-line of Newton (1953). W-PR and X-PR refer to
pigmented B. glabrata as indicated in Table I of an earlier paper (Anderson & Cheever, 1972).

b This Mw strain was received separately from that used without laboratory passage.

indicate the variability of the results but should not Mw strain. The recovery rate was relatively low in
be taken as rigorous statistical estimates of error. each of two exposures to the BH strain (27% and

34 %) and was between 57% and 76% for the remain-
RESULTS ing 3 strains (Table 2).

Table 2. Intensity of infection, egg distribution, and egg numbers in monkeys infected with different strains of
S. mansoni (mean values ± standard error of the mean)

No.of ~~~~~Percentage distribution No. of eggs per worm iNo. of eggs
Stan|No. of |pairs of Precoentag Of eggs b |pair inthe tiss)ues |paerpworom| Nonkeys

exposure |recovered ||Liver itsmall Colon |Ttl Vae |in faeces

NIH-PR 11-14 147 i30 60 10 4 30 i9 59 i12 5.7 d:1.2 2.6 c 186 i125 6

W-PR 12 114 i20 63 4 i1 19 zt9 78 9 8.3 i2.6 6.6 t2.4 233 zt55 4

SL: exp. 1 12 141 i21 76 8 i4 30 11 61 i15 5.3 i1.4 3.6 i0.9 195 15 4

exp. 2 12 132 57 11 24 65 6.0 4.8 197 3

mean 12 137 i:11 68 9 i2 28 t7 63 i9 5.6 i0.7 4.1 i0.6 196 zt14 7

BH: exp. 1 12 84 42 34 18 ± 4 51 zt9 30 i11 7.6 ± 3.3 2.8 c 495 ± 209 4

exp. 2 12 73 zt10 27 5 d: 1 19 8 76 i8 9.2 ± 1.4 7.2 i1.3 326 ± 86 4

mean 12 78 i19 31 12 i3 35 i8 53 zt11 8.4 zt1.6 5.7 i1.3 411 102 8

Mw: exp. 1 12 219 i7 79 5 i1 30 zt8 65 9 6.6 i0.7 4.5 i0.4 104 i12 4

exp.2 | 11 |27 11 |14 |20 |66 |5.0 |3.0 |188 2

a.The % recovery includes excess male or female worms in addition to the worm pairs.
b Less than 1 % of the eggs were found in the lungs.
c The number of viable eggs per worm pair was known in only 2 or 3 monkeys of these groups. No standard is calculated for groups of

less than 4.
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Prepatent period
Eggs were found in the faeces of at least one

monkey infected with each strain 34 to 36 days after

Percentage recovery of cercariae as adult wormzs
The highest (79 %) and the lowest (I11 %) rates of

recovery were found in two experiments with the
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exposure. The initial rate of increase in numbers of
eggs passed during the first 49 days was similar in
monkeys infected with the SL, W-PR, and NIH-PR
strains, while those infected with the Mw strain
passed few eggs until after the seventh week of infec-
tion (Fig. 1). A more rapid increase in the numbers
of eggs passed was observed after patency for the
BH strain.

Number of eggs passed in the faeces
The rate of egg passage remained stable between

7 and 12 weeks after infection. During this period
7-9 counts were performed for each strain, the dilu-
tion technique being used to calculate the mean num-
ber of eggs per worm pair passed in the faeces each
day from day 50 to the end of the experiment at
about 80 days.

Because of the delayed egg passage by the Mw
strain (Fig. 1), only those egg counts done after
day 60 were used. In two experiments, monkeys
infected with the BH strain passed an average of
495 and 326 eggs per worm pair, respectively, in the
faeces as compared with an average of 186-233 eggs
per day per worm pair passed by monkeys infected
with the NIH-PR, W-PR, and SL strains (Table 2).
Monkeys infected with the Mw strain passed an
average of 104 and 188 eggs per worm pair per day
in two experiments.

Number of eggs in the tissues
The mean number of eggs per worm pair found in

the tissues varied from 5 000 to 9 200 (Table 2).
This range of values is not taken to indicate a real
difference between the strains, as the variation within

.-o BH-Exp a Exp. 2

/

/

/

,' /

~.m2SL
-

,,' // NIH-PR

F'

! /

/

z-7 e__ __0MMw-Exp. I

34 36a38 4042 44 46
34 36 38 40 42 44 46 48 5

DAYS AFTER EXPOSURE

Fig. 1. Passage of eggs in the faeces of rhesus monkeys in the first two weeks of patency following exposure to
different strains of S. mansoni.
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groups was considerable. The numbers of viable
eggs per worm pair in the tissues also did not differ
markedly.

Concentration of eggs in the tissues
The concentration of eggs in the tissues varied

with the intensity of infection and the distribution of
eggs. In the second experiment with the Mw strain
the intensity of infection and egg concentrations
were low. In the remaining groups, there were

310-960 eggs per gram of liver, 1 760-4 970 eggs per
gram of small intestine, and 3 070-8 140 eggs per

gram of colon (Table 3).

Distribution of eggs in the tissues
The proportion of eggs in the liver was low,

varying from 4% to 18% of the eggs in the tissues.
There were large differences in egg distribution, but,
with the exception of the SL strain, these were not
consistent in duplicate experiments with a given
strain. Thus 18% 4% of the eggs were found in
the liver in one experiment with the BH strain and
5% + 1% in a second experiment. The results in
two experiments employing the Mw strain were also
variable (Table 2).
The distribution of eggs between the small intestine

and colon had no evident effect upon the passage of
eggs in the faeces. This is particularly apparent in the
monkeys infected with the BH strain, where most
eggs were in the small intestine in experiment 1 and
most in the colon in experiment 2 (Table 2). The
results from individual monkeys also showed no

correlation of egg location and egg passage in the
faeces.

Organ weights
Monkeys that had not been infected and that were

used to obtain normal organ weights were perfused
in the same way as infected animals. The weights of
the liver, spleen, small intestine, and colon were

increased in monkeys infected with each of the
strains studied (Table 3). The weight of the colon
increased much more than did that of the small
intestine. The Mw strain caused no change in liver
size in experiment 1, but no other noteworthy strain
differences were observed.

Gross and histopathological findings
The findings were similar in infected monkeys

regardless of the strain used. The livers were pig-
mented and showed rare tiny granulomas. The
colons showed numerous serosal granulomas,
thickened walls, and numerous submucosal petechiae.
The histopathological lesions are described in

detail in another paper (Cheever & Powers, 1972).
The only consistent difference between monkeys
infected with the different strains was the absence of
pylephlebitic lesions in animals infected with the
Mw strain, while approximately half of the animals
infected with the other strains showed such lesions.
Slightly less periportal inflammation was noted in
monkeys infected with the Mw strain.
An effort was made to compare the size of cir-

cumoval granulomas by measuring the granulomas

Table 3. Concentration of eggs in the tissues and organ weights in monkeys infected with different strains of
S. mansoni

No. of Organ weights as percentage
Mean worm Average number of eggs per gram of body weight

Group bejody pairs _No.__of s
ight per kg -monkeys

(kg) body Liver Lungs Small Colon Liver Spleen Small Colonweight intestine intestine

NIH-PR 3.3 44 570 ± 130 100 2 390± 580 4600 ± 1 200 3.81 0.19 2.56 3.71 6

W-PR 2.4 48 310 ± 40 0 1 760± 700 7460 ± 1 600 3.98 0.19 3.50 3.85 4

SL 3.0 51 540 ±100 210 1990± 490 3550± 870 3.91 0.19 3.73 5.12 7

BH 2.6 30 490 ± 80 50 1 910± 520 3070 ± 900 3.89 0.22 3.74 4.57 8

Mw
expt. 1 3.0 73 960 i 270 60 4 970±1 270 8140 i 1 570 2.75 0.18 2.80 3.91 4

expt. 2 3.1 9 160 ± 0 300 900 3.50 0.10 2.57 3.21 2

Normal 3.4 - - - 2.75 0.10 2.62 2.10 7
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formed around single mature eggs in the sections of
liver and intestine. Few suitable granulomas were
found. Although an area of 5-10 cm2 of liver was
examined histologically, usually only 1 or 2 mature
eggs were sectioned, and no mature eggs were seen
in the sections of liver from monkeys infected with
the SL strain. Mature eggs were more numerous
in the colonic submucosa, but relatively few discrete
granulomas were seen, and those that were confluent
with adjacent granulomas were not measured. No
relation of granuloma size to worm strain was
evident (Table 4), nor were qualitative differences in
the granulomas observed.

Table 4. Diameter of granulomas around mature eggs
in the liver and intestines of monkeys infected with

different S. mansoni strains

Average granuloma diameter (,um) b
roup

____ _ Liver [ Colon

NIH-PR 320 285

W-PR 320 240

SL - 241

BH 298 250

Mw 366 298

a The number of monkeys for each group is indicated in Table 3.
b An average of 2 granulomas per animal were measured in the

liver and an average of 4 granulomas per animal in the intestine.

The course of the infections, number of eggs in the
tissues and faeces, and pathological findings were
similar in male and female monkeys.

DISCUSSION

The most impressive difference noted in monkeys
infected with different S. mansoni strains was the
consistently greater number of eggs per worm pair
excreted in the faeces of monkeys infected with the
BH strain. Differences in the distribution of eggs in
monkey tissues were generally small and were not
consistent. The total number of eggs per worm pair
in the tissues did not differ more than might be
expected from the variability within groups. The
lack of increase in liver weight in monkeys infected
with the Mw strain is remarkable, as these monkeys
were the most heavily infected and had the highest
concentration of eggs in their livers.

Perhaps the most important feature of the experi-

ments in monkeys was the contrast in the results with
those obtained in mice (Anderson & Cheever, 1972).
Thus, egg passage by mice infected with the BH
strain did not, as in monkeys, differ from that in
mice infected with the other strains. In monkeys, a
similar degree of hepatomegaly was associated with
infection with the NIH-PR, W-PR, SL, and BH
strains, while in mice the NIH-PR strain consistently
produced the greatest increase in liver weight.
Nelson & Saoud (1968) found the prepatent period

of their Mwanza strain of S. mansoni in monkeys to
be significantly longer than that of their Puerto
Rican strain. We did not determine the prepatent
period accurately, but the low rate of egg passage in
the initial weeks of infection by our monkeys infected
with the Mw strain (Fig. 1) indicates a delayed
patency. The prolonged prepatent period of the
Mw strain is one characteristic that seems to be con-
sistent in all Mw strains and hosts so far studied
(Saoud, 1966; Warren, 1967; Nelson & Saoud, 1968;
Anderson & Cheever, 1972).
Comparison with the other findings of Nelson &

Saoud is more difficult because of differences in
experimental design. They compared the number of
eggs per gram of faeces while we have compared the
number of eggs per day per worm pair passed in the
faeces. During a post-infection period equivalent
to the one used in this study, their monkeys infected
with the Puerto Rican strain passed 1.9 eggs per
gram of stool per worm pair and those infected with
the Mwanza strain passed 2.1 eggs per gram of stool
per worm pair (calculated from Table I, Nelson &
Saoud, 1968, using figures from the 15th to the 50th
day after patency). Our data are inconsistent,
showing smaller numbers of eggs passed by monkeys
infected with the Mw strain in one experiment and a
level equal to that for most other strains in a second
experiment (Table 2). The Mw strain studied by
Nelson & Saoud resulted in a much lower number of
eggs per gram of liver than did their Puerto Rican
strain, while the Mw strain studied by us produced
the highest average concentration of eggs in the liver.
Our monkeys infected with the Mw strain harboured
more worm pairs than did monkeys infected with
the other strains. However, when corrected to a
comparable intensity of infection, the number of
eggs per gram of liver in monkeys infected with our
Mw strain is comparable with that in monkeys
infected with the other strains (Table 3).
The variations in duplicate experiments with the

BH and Mw strains are doubtless related in part to
the marked variability between individual monkeys
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and to the small number of animals used in each
experiment. It is also possible that laboratory pas-
sage of the parasite in mice between experiments had
some effect, although the NIH-PR strain maintained
in the laboratory for many years was similar to the
recent W-PR isolate, and no evidence of change in
the SL strain was seen after several passages through
laboratory mice. Variations in the intensity of
infection had no effect on the variables studied
during the first 12 weeks of infection (Cheever &
Powers, 1972).

The slight variations in the behaviour of S. man-
soni strains in monkeys and the inconsistencies in the
characteristics of the strains in mice and monkeys
suggest that comparison of the different strains in
these animals may be of little value in predicting
possible variations in pathogenicity of these strains
for man. Nelson & Saoud (1968) have previously
stressed this point and have also discussed other
factors perhaps more likely to be of importance in
explaining the apparently different pathogenicity of
schistosomes in different geographical areas.
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RESUME

tTUDE COMPARATIVE DE SOUCHES DE SCHISTOSOMA MANSONI D'ORIGINE
GEOGRAPHIQUE DIFFERENTE CHEZ LE SINGE RHESUS

Des groupes de singes rh6sus ont ete exposes a 600-650
cercaires de l'une de cinq souches de Schistosoma mansoni
en provenance de Porto Rico (2 souches), du Bresil, de
Tanzanie et de Sainte-Lucie, et sacrifies apres 11 a
14 semaines.
Dans toutes les infections, les premiers ceufs sont

apparus dans les selles 34 a 36 jours apres 1'exposition
aux cercaires. L'augmentation initiale de leur nombre
a ete plus tardive chez les animaux infect6s par la souche
tanzanienne. Les singes h6bergeant la souche bresilienne
ont elimine davantage d'ceufs, par paire de vers adultes
et par jour, que leurs cong6neres parasites par d'autres
schistosomes. Dans 1'ensemble neanmoins, les diffe-

rentes souches se sont comportees de fagon remarqua-
blement semblable chez le singe. Le seul fait vraiment
constant qui ressort des comparaisons chez cette espece
(comme d'ailleurs chez la souris) est I'allongement de
la periode de prepatence dans l'infection par la souche
tanzanienne.

Les dtudes faites sur le singe et sur la souris n'ont
reve16 que de faibles variations du comportement des
souches de S. mansoni chez I'animal d'experience et
l'instabilite de leurs caracteristiques. I1 ne semble pas
que les donnees ainsi recueillies puissent permettre de
prddire d'eventuelles differences de la pathogenicite de
ces souches pour l'homme.
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