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attention to the neces ity for exploration of the duct at
the time of the cholecy tectomy. If thi i omitted a tricture
or tone may be overlooked. In the po t-cholecystectomized
patient with non-ob tructive dilated duct the patient hould
be treated conservatively in the first instance. Correlation
of clinical and laboratory finding with a repeat intravenou
cholangiogram following treatment would help to determine
whether operation is neces ary. During thi period an attempt
hould be made to exclude other pe ible causes for the

patient' ymptoms, e.g. duodenal ulcer, hiatus hernia,
diverticuliti , pancreatitis and cardiac or renal disease. A
econd cholangiogram may show an increa e in the calibre

of the ducts or may reveal stones which were invisible pre
viou ly. The severity and duration of the ymptom and the
ab ence of any sati factory cause for them is a final deciding
factor for exploration. Fig. 17 how a grossly dilated
common bile duct with a maximum calibre of 17 mm. This
patient underwent cholecystectomy 11 years ago. On a
recurrence of symptoms, with jaundice, in 1950 the ducts
were explored and stones removed. ow, 5 years later,
she complained of pains in the right hypoc)1ondrium. The
first intravenou cholangiogram, 2 months before this film
was taken, howed a moderately dilated common bile-duct
with a maximum calibre of 14 mm. There was no evidence
of any other pathological condition, e.g. stones or strictures.
The contrast medium entered the duodenum 45 minutes
after the injection. The physicians' decision was to treat
the case con ervatively. Two month later he returned for
another intravenous cholangiogram. She was now jaundiced

and the symptoms persisted. The second examination
(Fig. 17) showed an increa e in the calibre of the duct
(maximum diameter ]7 mm.). We were then able to compare
the film and conclude that the proce wa progressing both
clinically and radiological1y and was therefore obstructive
in nature. At operation a large stone was found in the lower
end of the common duct.

It i hoped that in the coming year the alue of pre- and
post-operative intravenous cholangiography will be fully
appreciated. A pre-operative cholangiogram if performed
in all cases will make it considerably easier to determine
whether choledochectasis discovered at any future time
requires active surgical interference or is better left alone. A
pre-operative record of the state of the patient's ducts would
remain for future reference and comparison.

It is a pleasure to record my gratitude to Dr. Josse Kaye, Chief
Radiologist, Johannesburg General Hospital, for his encourage
ment, interest and guidance in preparing this paper, and to
Dr. Kenneth F. Mills, Superintendent, Johannesburg General
Hospital, for permission to use the hospital records and publish
the case reports. To Miss M. Tompkins and Mrs. Stopforth I am
very much indebted for their reproductions.
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EXPERIME TAL BILHARZIASIS I A IMALS
VII.* EFFECT OF A LOW-PROTEI DIET 0 BILHARZIASIS IN WHITE MICE

BOTHA DE MEILLO and SHIRLEY PATERSO '

Bilharzia Na..'ural History Unit, South African Council for Scientific and Industrial Research and South African Institute
for Medical Research, Johannesburg

For some time we have been interested in the possibility
that a severer type of pathology can be induced by repeated
reinfection or low protein intake. If this were so it would
be of some importance to the Union because with the recent
expansion and intensification of irrigation works in S.
mansoni areas repeated reinfection in labourers would have
to be reckoned with. Secondly, it is generally accepted that
the diet of a proportion of the Bantu is low in protein. The
effects of repeated reinfection have already been dealt with1

and it was shown that in mice, at least, repeated reinfection
does not produce a graver pathology but quite the reverse,
namely a certain degree of immunity.

The studies on the effect of low protein intake reported
here were completed some time ago but we did not recognize
their significance at first as we were led to believe that the
low percentage of egg pas ers in our experimental mice was
due to poor infecting material. It wa only after learning
of unpublished work in America that the true significance
of our results became evident. The American workers con
cluded that the diets of their experimental hosts had actually

• Articles I-VI in this series appeared in the South African
Medical Journal, 1952. 26, 1005; 1953, 27, 950; 1956, 30, 79;
1956,30,611; and 1957,31,68 and 281.

interfered with the reproductive development of the worms,
an effect which we never suspected because we were looking
for graver pathology and not for crippled schistosomes! In
view ef this unpublished information we re-examined our
material and found that our mice on a low protein diet were
not passing many ova because these were being held up in
the tissues in the gut wall by a granulomatous reaction and
hence were not appearing in the faeces. Further, the male
worms at least, were not normal. In other words, our results
confirmed the finding that host diet may have a rather drastic
effect on the worms. In view of this we have withheld
p.ublication until after the appearance of the American work. 2

The discovery that host diet has an influence on
schistosomes is of more than passing interest. It means that
a new technique for the study of the requirements of these
worms is now available. This, plus promising in vitro studies,3
might, amongst other things, eventually lead to a more
rational approach to the synthesis of effective therapeutic
substance.

TECHNIQUE

100 pairs of white mice, at the age of approximately 4 weeks,
of a tandard strain from the South African Institute for
Medical Research were mated, 50 pairs receiving intraperi-
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TABLE I. COMPOSITlO Of ORMAL AND LOW-PROTEI BISCUITS
GIVEN TO THE EXPERLI\<fTh'TAL MICE

wneally 50 cercariae per mouse of an Egyptian strain of
Schistosoma mansoni. On the same day these mice and 50
uninfected pairs were placed on a diet low in protein. The
compositions of this diet and the normal comproid biscuits
are given in Table I.

The mouse boxes, each containing a pair of mice, were
examined daily, except on Sundays, for deaths. When the
mice died, the gut wall was examined for ova and the adult
worms were removed from the blood vessel" of the liver and
mesentery and preserved for comparison with worms from
mice fed on a normal diet. The young born to each pair
were noted and the size and weights of each litter were
recorded.

The mice were weighed at mating and at weekly intervals
rherafter. The weight increase of the males was calculated at
9 and at 17 weeks after mating and compared.

The performance of mice uninfected, and infected with
cercariae, on normal diet is taken from de Meillon and
Paterson.4

\\'here results were analysed statistically, two populations
were taken to be significantly different for a factor if the
difference between the means was greater than 3 times the
sum of the standard errors of the mean, except for assessment
of the death rate where the X~ test was used.

Percentage protein in whole

Parts per 1.000 by weight

48
89

17· 5
15·2

2·0
0·6

17 weeks laTer
2-3

15·5*
16-9*
13·2*
14·6*
1·4

25
46

Perceruage dead afTe~:

o I
I 23

15·5
12·6

]·6
2·6

11
22

9 weeks 17 weeks 30 weeks

9 weeks laTer
2·9

13·9*
12·9*
11·0*
10·0*

-1-0

From infection TO From infeCTion to
9 weeks laTer 17 weeks later

Differences ill mean weight increase
bell,·een groups

Group of mice, and groups
compared

ormal diet
ninfected (a)

50 cercariae (b)
Low-protein diet

Uninfected (c)
50 cercariae (d)

Differential treaTment

TABLE IV. MORTALITY: UMBERS Of MICE DEAD WITH I GIVEN
PERIODS AfTER MATI 'G, A D SIG IFICANCE Of DlFFERE CES BETWEEN

GROUPS

(a)-(b) infection
(a)-(c) diet
(a)-(d) infection +diet
(b)-(c) diel-infection
(b)-(d) diet
(c)-(d) infeclion

*= Significant difference .

Mortality amongst the protein-deficien mice was found to
be much higher in the infected mice, the difference being
significant after 9 weeks and increa ingly more 0 after 17
weeks and 7 month. In uninfected mice protein deficiency
resulted in significantly higher mortality than in mice on a
normal diet from 9 weeks onwards. For infected mice protein
deficiency increases the mortality rate significantly after 9
and 17 weeks (table IV).

infected and uninfected mice fed on a normal diet. The
difference in mean \ eight increa e between the infected and
uninfected mice on the deficient diet wa not significant
(Table Ill).

Groups of mice, and groups
compared

ormal dieT,
uninfectect (a)
50 cercariae (b)

Low protein dieT,
uninfected (c)
50 cercariae (d)

TABLE Ill. MEA' WEIGHT I CREASES 1 GRAMMES, Of fOUR GROUP
Of MICE, AND DifFERENCES I WEIGHT I CREASES BETWEE GROUP

1ean ,,·eight increase

12·8

64·8
10·0
5·0

20·2

0·08 0·09
5·0 4·9

74·7
91 ·3
93·0
10·0
66·4

132·9
446·9

Normal mouse Low-protein
biscuits mOUfe

biscuiTS
37·0
45·2
46·0
4·9

32·9
65·7

221·2
493·2
32·1
9·9
4·9
2·5

63
43
40
17
14
12
10
4
3

12

Percentage
protein
in each

constiwent

Fish meal
Monkey-nut meal
Carcase meal
Lucerne meal
Wheaten bran ..

ussex ground oats
Mealie meal
Husk meal
\1olasses ..
Fennavite
alt

Di-calcium phosphate
Vitamin A (30,000 l.U.

per g.) ..
Limestone

From the mea urement of the adult worms it was found
that the difference in length between the worms from the
mice on the low-protein diet and (ho e from mice on a normal

12·222t

7 nwnrhs9 weeks 17 weeks
(a) 20·8 It

9·620t 23·386t
22·523t 53·845t
7·1 1+ 0·027

19·651t 10·709+
3·629* (b) 8·735+

For distribmion of numbers dead
and alire in 2 X 2 Tables

Differential treaTmelll

(a)-(b) infection
(a)-(c) diet
(a)-(d) infection -l-diet ..
(b)-(c) diet-infection ..
(b)-(d) diet
(c)-(d) infection

* significant at -~,:; level.
t significant at I % level and beyond.

(a) cannot be applied here, blll the difference i obviously insigni
ficant.

(b) one-tailed only.
Yates' correction for continuily was applied lhroughout.

The mean weight increase in the protein-deficient mice
was extremely low and very significantly different from

Unin- 50 cer- Unin- 50 cer-
fected cariae fected cariae

umber of litters 57 49 3
umber of young born 425 378 12 3

Average weight at birth 1·4 g. I· 3 g. ]·0 g. 0·7 g.
umber of young weaned
(21 days) 403 298 9 3

Average weight at weaning .. 10·5 g. 7·9 g. 5·6 g. 3· 3 g.

TABLE u. REPRODUCTIO Of INFECTED AND UN! 'fECTED MICE ON
"ORMAL AND LOW-PROTEJ DIETS UP TO 9 WEEKS AfTER MATING

_ formal diet Low-proTein diet

RESULTS

It was found that the low-protein diet, except in very few
cases, caused sterility in mice whether infected with bilharLia
or not (Table Il).
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diet were significant in the males but not in the females
(Table V). Adult worms from the protein-deficient mice were

TABLE V. LENGTH OF ADULT WORMS RECOVERED FROM MlCE ON
NORMAL AND LOW-PROTEIN DIETS

Worms from mice on low-protein Males Females
diet .. 3·0 mm. (71)* 4·9 mm. (25)

Worms from mice on normal diet 5·0 mm. (50)* 6·7 mm. (48)
In brackets number of worms measured. *=Significantly different.

sent to Dr. Gannert of Farhenfabrikeo, Bayer, Germany,
for examination: His impression was that the worms were
comparatively small and in many cases the reproductive
organs were smaller or relatively undeveloped. But his
opinion was that the sample of materi~l sent was too meagre

Fig. I. Normal mouse: preparation of fresh gut wall showing
dead and living eggs and the. empty shell~ of hatched eggs.
Note the absence of granulomata.

Fig. 2. Mouse on low protein diet: preparation of fresh gut
wall showing dead eggs aUin granulomata.

Fourth lmernational Goitre Conference, 1.ondon. The American
Goiter Association and the London Thyroid Club will hold the
4th International Goitre Conference in London on 5-9 July 1960.
It will precede the International Endocrine Conference in Copen-

for definite conclusions. Since then Dr. Gannert has found
similar lesions in a second batch of worms, from experimental
mice, sent to him by us.

The mice on the low-protein diet passed less ova in the
faeces than mice on normal food infected with the same
number of cercariae. From examination of the gut wall of
such mice it was noticed that in protein-deficient mice the
ova were frequently incorporated in granulomata, whereas
in mice on a normal diet they were usually lying free in the
tissue (Figs. 1 and 2). It is of course highly probable that
owing to the imperfect development of the worms less eggs
were actually laid.

From these results it is shown that in the mice on the
deficient diet the bilharzia infection resulted in no difference
in reproduction and weight increase but had effect only on
mortality. The small number of ova observed in the faeces,
the difference in size of the male worms and the relative
immaturity of some of the worms indicate that low protein
intake may inhibit the full development of the schistosome.
Certainly the action on the surviving mice was not more
drastic as a result of the protein deficiency.

SUMMARY

1. The effects of an Egyptian strain of S. mansoni on mice
kept on normal and low-protein diets were studied.

2. A low-protein diet causes infected mice to die earlier
than uninfected ones. There is no difference between the
rate of reproduction or weight gain of these two groups.

~. Evidence is presented that male worms recovered from
mice on low-protein are smaller and it appears that their
reproductive organs are abnormal as compared with worms
from normal mice.

4. Mice on a low-protein diet pass less eggs in the faeces
than mice on a normal diet. This may be because, being
fertilized by imperfectly developed males, the females actually
lay less eggs, and/or because the eggs resulting from such a
union are abnormal and more readily stimulate a granuloma
tous reaction.

5. The relatively greater frequency and efficiency of
absorption of eggs by mice on low-protein diet and hence
their failure to appear in the faeces is more likely related to
disturbances produced in the reproductive organs of the
worms, with the consequent deposition of abnormal eggs,
rather than an enhancement of defence mechanisms in the
host produced by the low-protein diet.

We are very grateful to Dr. R. Gonnert, of Farbenfabriken,
Bayer, Germany, for the trouble he has taken in examining our
material. Our thanks are also due to Dr. H. Reuning, of the
National Institute for Personnel Research, Council (or Scientific
and Industrial Research, for advice on the statistical procedures
followed, to Mr. E. van Manen of Lion Bridge Milling Co. Ltd.,
Pretoria. for information regarding the composition of the diets,
and to Miss T. Marcus and Miss V. Williams for technical assist
ance.
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hagen by IO days. Those who desire to submit papers fo.r con
sideration by the Programme Committee of the Goitre Conference
shot:ld send abstracts not later than 31 December 1959 to Dr.
Selwyn Taylor, 3 Rodean Crescent, London, S.W. 15. Dr. Taylor
will also supply any further information that may be required.


