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Vogel (1958) stated that the “experimental re
infection of human volunteers is the only com
pletely reliable method of demonstrating the 
presence or absence of resistance in human 
beings. Once such proof is available, conclusions 
based on analogies between animals and human 
beings will be more justifiable than hitherto.” 
However, quantitative results such as are pos
sible in animals where the numbers of worms 
maturing from challenge infections can be 
counted (Clarke and Perros, 1965, in press) 
cannot be obtained from man and results of 
volunteer experiments can only be qualitative. 
At present it is necessary to depend on the limited 
direct evidence of two small and inconclusive 
series of human challenge experiments for the 
presumption of the development of acquired re
sistance. and on an extensive range of indirect 
evidence to support these human challenge in
fections and for the quantitative evaluation of 
the importance of this resistance.

The indirect evidence is derived from—
(1) the presumption that immunogenic pro

cesses are active in infected persons since 
detectable antibodies may be demonstrated 
in these persons;

(2) the interpretation of the results of epi
demiological investigations which demon
strate a pattern of distribution of the 
disease in relation to age, which can only 
be satisfactorily explained by the accept
ance of the concept of acquired resistance 
to schistosome infections (Clarke. 1966, 
in press).

(3) conclusions based on analogy between 
animals and man.

Very few human volunteer experiments to 
demonstrate the development of active acquired 
resistance to schistosome infections have been 

reported in the literature, and of these only the 
work of Fisher (1934) furnishes direct evidence 
of this resistance.

Fisher, working near Stanleyville, Congo 
(Leopoldville), noted that the peak of preva
lence of Schistosoma intercalatum infections in 
the African communities of certain villages 
occurred between the ages of five and 15 years 
and that there was a marked falling-off in the 
prevalence with increasing age to the extent that 
no infections were detected in persons over 35 
years old. He argued that the fall-off was the 
result of the development of resistance and, in 
an endeavour to further demonstrate this, he 
exposed six volunteers to infection. All six were 
males between the ages of 35 and 40 and all 
were fishermen with the implied history of fre
quent contact with infected water. In each case 
stool specimens were examined twice, but no 
eggs were found. The men were exposed to 
mixed freshly-shed cercariae from a number of 
snails; exposure was by total immersion of the 
arm for 15 minutes. At the same time, mice 
were exposed to cercariae from the same source, 
and at subsequent autopsy these mice were found 
to be harbouring S. intercalatum worms of both 
sexes. After exposure the men complained of 
pruritus, but none showed any illness. Stool 
specimens from each volunteer were examined 
at three months and 6’ months after exposure, 
but no eggs were found. After eight months 
three of the men were found to be passing a 
few eggs in the faeces, but repeated examinations 
of the other three were negative. Some time 
later (the period was not specified) five of the 
men were traced and again examined; in each 
case a careful search failed to reveal any eggs.

This experiment demonstrated that these six 
men, even those who had passed a few S. inter
calatum eggs, were resistant to infection. How
ever, S', intercalatum is not a common species 
and it is limited in its distribution to certain areas 
of the Congo. It has yet to be demonstrated 
that man is the definite host for this species, 
which is possibly synonymous with S. mattheei.

A similar criticism may also be made to the 
series of two human volunteer exposures to infec
tion carried out in Rhodesia in 1954 (Alves and
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Clarke, unpublished data). Two volunteers, both 
European, one a man aged 26 and the other a 
woman aged 24, were exposed to large numbers 
of cercariae derived from a number of “wild” in
fected Bulimis (Physopsis) globosus snails; at the 
same time, two baboons (Papio ursinus) were also 
exposed to cercariae from the same source. The 
two volunteers had had frequent exposure to 
infected water throughout their lives, but neither 
had any history of previous infection, in spite 
of repeated examinations of urine and stool 
specimens. Neither of the volunteers passed any 
eggs during a period of observation lasting over 
one year after exposure; but the baboons, how
ever, were found at autopsy approximately six 
months after exposure to be harbouring worms 
which were identified as S. haematobium and S. 
mattheei. This identification is suspect and it 
is possible that all the worms were S. mattheei.

The human volunteers each immersed the 
forearm and elbow for one hour in water con
taining large numbers of cercariae. Each ex
perienced a pronounced and unpleasant dermatitis 
which appeared before the full period of the 
exposure had expired and which gradually sub
sided over a period of two weeks. Prior to 
exposure both volunteers had been repeatedly 
tested for infection by specimen examinations, 
but no eggs were found. No eggs were ever 

found in the excreta of the baboons. The two 
volunteers were also tested by the intradermal 
test, with negative results, and differential blood 
counts showed less than 4 per cent, eosinophil 
cells. Specimen examinations, intradermal tests 
(using an antigen of cercarial origin) and further 
white cell counts were undertaken each week 
after exposure for a period of 13 weeks on the 
male volunteer and 18 weeks on the female 
volunteer; thereafter specimen examinations were 
done at approximately one-month intervals for 
over a year. At no time were eggs of any species 
of Schistosoma found. The table gives the re
sults of intradermal tests and the white cell 
counts. It will be seen that the male volunteer 
gave a positive skin test reaction from the third 
week and that both demonstrated an increased 
eosinophilia from the third to the sixth week 
after exposure, subsiding to 4 per cent, or less 
after eight weeks. In the male, however, a 
sudden increase in eosinophilia took place in 
the twelfth week and this corresponded to a 
return of a positive skin test reaction. During 
this two-week period the person suffered from 
an attack of enteritis with severe diarrhoea.

These experimental infections indicate that 
although the parasites undoubtedly entered, as 
evidenced by the dermatitis, they probably failed 
to mature; in any case, no eggs were found.

Table I
Results of Intradermal Tests and Eosinophil Counts in Two Human Volunteers Ex
perimentally Exposed to Infection. The Results are Given for the Day of Exposure 

AND THENCE FOR INTERVALS OF ONE WEEK FOR 18 WEEKS AFTER EXPOSURE

Exposure date (7.2.1952) 
1st 
2nd 
3rd 
4th 
5 th 
6th 
7th 
8th 
9th 

10th 
11th 
12th 
13th 
14th 
15th 
16th 
17th 
18th

exposure

Male Volunteer Female Volunteer

Intradermal 
Test

Eosinophilia 
(per cent.)

Intradermal 
Test

Eosinophilia 
(per cent.)

Negative 3 Negative 4
Negative 3 Negative 6
Negative 4 Negative 8
Positive 8 Negative 10
Positive 8 Negative 15
Positive 8 Negative 9
Positive 7 Negative 8
Doubtful 3 Negative 3
Doubtful 4 Negative 4
Doubtful 3 Negative 4
Doubtful 7 Negative 3
Positive 11 Negative 2
Positive 4 Negative 3
Not done Not done Negative 5
Not done Not done Negative 4
Not done Not done Negative 4
Not done Not done Negative 4
Not done Not done Negative less than 4
Not done Not done Negative less than 4
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Newsome (1956), Vogel (1958) and others 
have indicated that the parasites in resistant 
animals face maximum mortality in the period 
between two weeks and three weeks after ex
posure, and the rise in the eosinophil count in 
the two volunteers is consistent with this. It 
should be added that the female volunteer sub
sequently was exposed to S. mansoni cercariae 
under natural conditions and she contracted the 
disease. The other volunteer, in spite of re
peated exposure to cercariae under natural con
ditions, which must have included cercariae of 
both S. mansoni and S. haematobium, has never 
been found to be passing eggs of either species 
of Schistosoma.

This series is even less conclusive than that 
of Fisher, but again there is a demonstration of 
resistance to schistosome infection. The fact 
that one of the volunteers subsequently contracted 
an infection of 5. mansoni is in no way contra
dictory to the concept of acquired resistance.

Further direct evidence of resistance is given 
by the records of individuals in which the re
sistance apparently persists after chemotherapeu
tic treatment. Government employed irrigation 
engineers and field workers in Rhodesia are 
compelled by the nature of their duties to suffer 
repeated exposure to infection, since they have 
contact with water known to be infected. Many 
of these workers are thoroughly tested for bil
harziasis, by repeated specimen tests, each year, 
and if any are found to have contracted the 
disease they are immediately treated for it, 
usually with a drug having an antimony base. 
There are records of several of them who. 
despite repeated exposure, have never developed 
active infections.

The direct evidence, from human infections, 
of resistance is insufficient to warrant a firm 
conclusion that resistance to bilharziasis is 
acquired by man. However, this direct evidence 
can be supported by the information derived 
from epidemiological surveys and by analogy 
between the infections in man and animals, and 
together they afford sufficient information to 
justify the conclusion that active acquired re
sistance may be developed in the human host.
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