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MEAN VALUES OF THE PLASMA AMINO ACID RATIOa
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for the amino acid ratio, since this determination
requires more serum than any one of the others.
As can be seen from the tables, the mean values of

the amino acid ratios were constant down to a
sample size of 90 ,lI of serum if the amino acid ratio
was in the range 1.9-2.9. The lower mean values ofthe
amino acid ratio were constant down to a sample
size of only 100 ,ul. Therefore, it is concluded that a

sample size of 100 ,ul of serum is needed to determine
accurately the amino acid ratio.
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Schistosoma mansoni Infection of Presumed Natural Origin
in Cercopithecus Monkeys from Tanzania and Ethiopia
by ALLEN W. CHEEVER,1 RUTH L. KIRSCHSTEIN 2 & Lucy V. REARDON 3

Naturally acquired infections with Schistosoma
mansoni have been found in a wide variety of mam-
mals, but most of these do not seem to be important

1 Laboratory of Parasitic Diseases, National Institute of
Allergy and Infectious Diseases, National Institutes of Health,
US Department of Health, Education, and Welfare, Bethesda,
Md., USA.

' Laboratory of Pathology, Division of Biological Stan-
dards, National Institutes of Health, US Department of
Health, Education, and Welfare, Bethesda, Md., USA.

3Bionetics Research Laboratories, Kensington, Md.,
USA.

in the transmission of schistosomiasis. Thus, al-
though infection of rodents in nature is not uncom-
mon (Barbosa et al., 1953; Barreto et al., 1964;
Pitchford & Visser, 1962; Strong et al., 1961),
rodents appear to play little part in transmission of
the disease (Barreto et al., 1964; Pitchford & Visser,
1962). Baboons have frequently been found to be
infected (Strong et al., 1961; Nature (Lond.), 1966)
and are of particular concern as potential reservoirs
of infection, as they frequently enter, and defaecate
in, the water. In one isolated area in Tanzania,

2488i



SCHISTOSOMA MANSONI INFECTION IN CERCOPITHECUS MONKEYS

baboons appeared to be the principal reservoir of
infection (Nature (Lond.), 1966). Cercopithecus mon-
keys are susceptible to S. mansoni and S. haemato-
bium infection (Ritchie et al., 1967; Meisenhelder
& Thompson, 1963; Jordan & Goatly, 1966;
Gear, 1967), and they continue to pass eggs in the
faeces for long periods after experimental infection
with S. mansoni. Natural infection with S. mansoni
has been reported only once in Cercopithecus
monkeys (Cameron, 1928).
We found a high proportion of Cercopithecus

monkeys from Tanzania and Ethiopia to be passing
S. mansoni eggs in their faeces. Thirteen of these
monkeys were sacrificed to study quantitative aspects
of the infection and the nature of the pathological
changes.

Methods
Forty-seven monkeys were caught near the east

bank of Lake Victoria near Musoma, Tanzania, and
18 monkeys in the vicinity of Asmara, Ethiopia.
Monkeys from Tanzania were maintained in the
laboratory for at least 3 months prior to examina-
tion, and those from Ethiopia for at least 7 months.
The 2 groups of monkeys could not be distinguished
by their external characters and appeared to be
Cercopithecus aethiops (grivet monkeys), but the
species identity is uncertain.

Faeces were examined as follows: (a) 2 g of
faeces were homogenized in 10 ml of 5% formalin
solution and washed through an 84-mesh metal
screen with 5% formalin into a 40-ml centrifuge tube.
(b) After 30 minutes, 35 ml were removed by suction.
This gravity sedimentation was repeated 2 or 3 times.
(c) The sediment was filtered on to 2-4 5.5-cm What-
man No. 541 filter-papers, allowing concentration of
the sediment of 500 mg to 1000 mg of faeces per filter-
paper. The filter-paper containing the faeces was
then stained with ninhydrin, as described by Bell
(1963), and examined under the microscope. At least
3 examinations were done before a monkey was
considered to be uninfected. (d) Faeces from 4 mon-
keys were also examined without prior concentration
by a modification of Bell's filtration-ninhydrin tech-
nique (Cheever & Powers, 1968), which allowed
examination of only 25 mg of faeces per filter-paper.

Prior to perfusion, monkeys were anaesthetized
with pentobarbital and exsanguinated. To help to
" relax " the worms and prevent clotting of blood,
200 mg of pentobarbital and 3000 IU of heparin
were injected into the monkey's heart just before
death, or into the portal vein immediately after

death. Worms were recovered by perfusion after
removal of the viscera en bloc. The aorta was opened
and, after cutting the portal vein, the coeliac,
superior mesenteric and inferior mesenteric arteries
were repeatedly perfused in sequence with a total
of about 2 litres of a solution containing, per liter,
5 g sodium chloride, 5 g sodium citrate and 0.5 g
pentobarbital. The intestines and mesenteric vessels
were massaged intermittently during perfusion. A
canula was then inserted into the inferior vena cava
above the diaphragm and, after ligation of the vena
cava below the liver, the liver was massaged during
perfusion with about 1 litre of fluid.
Eggs in the liver, intestines and lungs were counted

after digestion of the tissues in 4% KOH for 18 hours
at 37°C (Cheever, 1968; Cheever & Powers, 1969).
Portions of the liver, intestines, lungs and other
selected tissues were examined histologically. Fixed
tissues from one infected Ethiopian monkey not
examined before death were also available for study.

Results
Diagnostic sensitivity ofthe techniques used. Eggs of

S. mansoni were found in the faeces of 11 of 47 mon-
keys from Tanzania and 6 of 18 from Ethiopia. Eggs
were found in one or both of the first 2 faecal exami-
nations in all instances, and no further infections
were detected in examination of 1 or 2 additional
specimens from the negative animals. In 5 animals
from which only 1-3 worm pairs were recovered,
eggs were detected in more than half of the stool
specimens examined. Five animals without eggs in
the faeces were killed. No worms were recovered
from these monkeys and no schistosome eggs were
found in digests of the tissues. No S. haematobium
eggs were seen in the faeces or tissue digests of any
of the animals.
Worm recovery in relation to the number of eggs

in the faeces and tissues. An average of 49 worm
pairs were recovered from the 7 infected Tanzanian
monkeys which were killed and an average of 9 worm
pairs from 6 infected Ethiopian monkeys (see the
table). The number of eggs in the tissues was
directly proportional to the number of worms recov-
ered (see the figure). The number of eggs per worm
pair did not differ significantly for the 2 groups of
monkeys. On the other hand, the distribution of
eggs in the tissues of the 2 groups did differ signifi-
cantly. The monkeys from Ethiopia had a higher
proportion of eggs in the liver and a lower propor-
tion in the colon than did those from Tanzania
(see the table).
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NOTES

PARASITOLOGICAL DATA FROM MONKEYS INFECTED WITH SCHISTOSOMA MANSONI a

7 Tanzanian monkeys 6 Ethiopian monkeys

No. of worm pairs 49 + 18 9 h 6

No. of unpaired worms:
Male 7 2
Female 2 2

Distribution of eggs in tissues (%) b
Liver 16:17 48 4 12
Small intestine 9 3 10 + 4
Colon 75 6 42 + 10

Thousands of eggs per worm pair in tissues 10.2 + 2.2 13.7 + 3.7

Eggs per g of faeces per worm pair 0.38 + 0.09 0.88 + 0.27

a Values expressed as mean ± standard error of mean (except for No. of unpaired worms).
b The percentage distribution of the eggs was determined by dividing the total number of eggs

in the organ indicated by the total number of eggs in the liver + small intestine + colon + lungs.
About 95% of the intestinal tissue, one-half of the liver and one lung were digested. Appropriate
correction was made for the portion of tissue not digested. Eggs were recovered from the lungs in
only 2 of these monkeys (0.025 x 10' and 0.050 x 10' eggs per worm pair respectively).

RELATION BETWEEN NUMBER OF EGGS IN THE TISSUES
AND NUMBER OF WORM PAIRS RECOVERED FROM

S. MANSONI-INFECTED MONKEYS a
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examination of different specimen
animal. To evaluate egg loss duri

of the faeces, the number of eggs detected per g of
faeces following concentration was compared with
the number detected by Bell's technique without prior
concentration. An average of only 17% of the eggs
counted using Bell's technique was recovered by the
concentration technique. Comparable correction of
the figures in the table gives a calculated excretion
of about 2.3 and 5.3 eggs per g of faeces per worm
pair for Tanzanian and Ethiopian monkeys respec-
tively. These monkeys passed about 40 g of faeces
per day, indicating passage of about 90-210 eggs
per worm pair per day in the faeces. In the pre-
sent sample, this is not a statistically significant
difference.

Pathological changes. Pathological lesions asso-
ciated with the infection were generally confined to
the liver and colon. In all but one of the monkeys,
the liver was unremarkable on gross examination,
except for variable amounts of slate grey pigment
in the portal areas and occasional 0.3-cm granu-

80 100 120 lomas, which on microscopic examination were seen

to be cystic lesions in various stages of degeneration.
These resembled the reactions seen about larval
tapeworms, but no larvae were seen. The principal
microscopic findings associated with the schistosome

ncentrates of the infection were circumoval granulomas and slight to
o the number of moderate portal inflammatory infiltrates composed
variable, even in primarily of lymphocytes and plasma cells. Portal
s from the same fibrosis was minimal. Minimal portal inflammation
ing concentration was seen in the livers of the uninfected monkeys.
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Gross changes in the intestines were limited to the
presence in the colon of small to moderate numbers
of 0.1-cm areas of erythema, which were more
numerous in the more heavily infected animals.
Several monkeys also had 0.5-cm submucosal colonic
nodules containing nematode larvae. Microscopi-
cally, circumoval granulomas with slight to moderate
surrounding inflammatory reaction were seen in the
colon, particularly in the submucosa.
One Ethiopian monkey had more extensive patho-

logical changes. The intestinal serosa was studded
with small granulomas. The lungs were firm and
nearly confluent granulomas were present through-
out. The liver surface was finely nodular, and the
portal areas around 0.1-cm to 0.2-cm veins were
slightly enlarged. Microscopically, the portal spaces
about vein branches less than 0.2 cm in diameter
were enlarged by dense infiltrates of plasma cells,
lymphocytes, polymorphonuclear leucocytes and
occasional eosinophils. The inflammatory infiltrate
extended irregularly into the parenchyma. Numerous
portal vein branches 0.1 cm or less in diameter were
occluded by inflammatory cells or granulomas, and
in many of these areas remnants of the external
elastic membrane of the vein could be seen with
appropriate stains. In smaller portal areas arterioles
and bile ductules were often seen without an evident
accompanying portal branch, which had been
occluded. Almost no increase in portal connective
tissue was seen in sections stained by Masson's
technique. Many of the circumoval granulomas
scattered through the parenchyma measured up to
600 ,t in diameter, 2 or 3 times larger than the
granulomas in the other animals. Large numbers
of eggs and granulomas were present in the lungs,
and a diffuse inflammatory infiltrate was present
between the granulomas. Small pulmonary arterioles
were presumably obliterated by the granulomas, but
arteritis of larger arterioles or arteries was not
seen. Changes in the colon were similar to those
described in the other animals, but more marked.
This animal was sacrificed for other purposes, and
no perfusion was done. Digestion of formalin-fixed
liver and lung in 4% KOH at 56°C for 18 hours
revealed 1024 eggs per g of liver and 872 eggs per g
of lung. In the 6 Ethiopian monkeys that were
perfused, a median of 40 eggs per g of liver was
found for each worm pair recovered. If one assumes
that only half of the eggs in the fixed tissue were
recovered by digestion (Cheever, 1968), the con-
centration of eggs in the liver of this animal would
indicate that about 50 worm pairs were present.

Discussion
It seems likely that our monkeys were infected

before capture, although we cannot be sure that
they were not exposed in Africa while being held
for shipment. The technique of faecal examination
used for diagnosis appeared to be sensitive, as several
infections with only 1-3 worm pairs were detected
on the first or second examination, and further
examinations failed to reveal any additional infected
animals. Necropsy of 5 monkeys without eggs in
their stools also failed to reveal additional infections.
The estimated number of eggs passed in the faeces

(90-210 eggs per worm pair per day) corresponds
approximately to the observed value of 164 eggs per
day per worm pair found in the faeces of 5 monkeys
from this same group which were originally unin-
fected but later exposed experimentally to 600 S. man-
soni cercariae of the NIH Puerto Rican strain and
sacrificed 12 weeks later (Cheever-unpublished
data). Since these monkeys tend to dwell near fresh-
water streams (Napier & Napier, 1967), eggs passed
in the faeces may be of epidemiological importance.
The number of eggs in the tissues correlated

remarkably well with the number ofworms recovered
(see the figure). The duration of infection presum-
ably varied considerably, and one might expect that
more eggs per worm pair would be found in chron-
ically infected monkeys. In most other hosts, how-
ever, the rate of egg destruction in the tissues
eventually approaches the rate of deposition of eggs
in the tissues, and the number of eggs per worm
pair found in the tissues becomes relatively constant
3-12 months after infection (Cheever, 1969). The
distribution of eggs in the tissues was not related
to intensity of infection in the animals studied, and
the observed differences in egg distribution were pre-
sumably related to differences in the parasite strain,
although duration of infection also affects the dis-
tribution of eggs in rhesus monkeys infected with
S. mansoni (Cheever & Powers, 1969). No intrinsic
differences in the animals were evident in this regard,
as the distribution of eggs in Ethiopian and Tanza-
nian monkeys was similar following infection with
the NIH Puerto Rican strain of the parasite
(Cheever-unpublished data).
The techniques used and the small number of

observations are inadequate for meaningful analysis
of the relation between intensity of -infection and
the number of eggs passed in the faeces. Similarly,
no conclusions can be drawn concerning the propor-
tion of eggs of the different parasite strains passed
in the faeces.
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Although moderate portal inflammation was pre-
sent in the livers of many of the monkeys, patho-
logical changes of apparent clinical significance were
noted only in the one infected monkey that was not
perfused. The presence of large numbers of eggs in
the lungs of this animal suggests that significant
portal obstruction and portal-systemic collateral
circulation were present, but we have no other
evidence to indicate that physiologically significant
portal obstruction was present. The liver lesions in
this animal were characterized by granulomatous
hepatitis with obstruction of small portal venules.
Portal fibrosis similar to that seen in man (Bogliolo,
1957) and in the chimpanzee (von Lichtenberg &
Sadun, 1968) with advanced hepatosplenic schistoso-
miasis was not seen.
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A Note on an Outbreak of Typhoid Fever in Western Sudan and on
the Isolation of a Monophasic Variant of a Diphasic Salmonella Serotype
by A. QUDDUS KHAN 1 & M. H. SATTI 2

In March 1964 a preliminary report was sent to
the Sudanese health authorities by the Provincial
Medical Officer of Health, Darfur Province, that a
devastating outbreak of illness had occurred in the
village of Mellit and 38 villages in its vicinity,
causing over 800 cases of disease. Mellit is a large
village some 65 km due north of El-Fasher, the
capital of Darfur Province. It is of considerable
importance in the camel trade, having a large market

1 Faculty of Veterinary Science, University of Khartoum,
Khartoum, Republic of Sudan.

' Senior Adviser to the Sudan Medical Services, Khar-
toum, Republic of Sudan.

where camels are bought for export on the hoof to
the United Arab Republic along the trans-Saharan
camel route to Egypt (Darb El-Arbaeen).
The Provincial Medical Officer of Health having

requested assistance, the second author (M. H. S.),
then Director of Medical Research Laboratories,
Sudan, immediately went to the area by aeroplane,
accompanied by appropriate staff. In the hospital
at El-Fasher they saw patients with the symptoms
of typhoid fever, many of these persons being in
the terminal stages of the disease. In Mellit, how-
ever, they saw cases of both typhoid fever and
dysentery.
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