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Studies on Acquired Resistance to Schistosoma
mansoni in Mice Exposed to X-irradiated Cercariae

ALINA PERLOWAGORA-SZUMLEWICZ I

In the first part of this paper current information on acquired resistance to schistosomes
is reviewed and related to factors which have led to divergent interpretations ofexperimental
results.

The author then reports on and discusses experiments performed by her on the develop-
ment of challenge infections in mice exposed to X-irradiated cercariae of Schistosoma
mansoni. While there is some evidence that resistance to S. mansoni may be developed by
such exposure, the author considers present findings equivocal and stresses that further
research is needed to clarify the situation.

Several recent reports have dealt with actively
acquired resistance to schistosomes as a result of
previous infection with irradiated cercariae.
Fewer worms in the portal system and fewer eggs

in the liver and faeces within the first two months
after challenge were invariably encountered by
previous investigators, including Villella et al. (1961,
1962), Hsu et al. (1962), Erickson & Caldwell (1962),
Smithers (1962) and Radke & Sadun (1963). In
every case it has been assumed that the animals
developed protective immunity as a result of abortive
infection with irradiated cercariae.

Perlowagora-Szumlewicz & Olivier (1963) found
that there was indeed a smaller number of worms
and eggs in the liver early after challenge but the
number increased later, thus indicating merely a
delay in the development and migration of the
worms in animals that had been infected with
irradiated cercariae.

It is a common belief that retardation in the
development of worms and their delayed migration
is associated with the immune reaction to the
parasite infection. Taliaferro & Sarles (1939), work-
ing on immunity to Nipostrongilus brasiliensis,
found larvae retarded in development and migration.
The authors attributed this finding to the formation
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of precipitates by the antigen-antibody reaction
which blocks the alimentary system of the parasite,
thus preventing normal feeding, development and
migration.
Only a few investigators have correlated the

reduced number of schistosomes recovered early
after challenge with a delay in migration and
development. Naimark et al. (1960) demonstrated,
in some experimental monkeys, delayed migration
of worms from a challenge infection. Erickson &
Caldwell (1962) showed that preinfection of rats
with irradiated cercariae significantly reduced the
worm burden from a challenge infection. Although
their observations are in agreement with the common
belief that the reduced worm burden is associated
with the acquired resistance, these authors did not
explain the fact of worms being more numerous as
the infection in the test rats became older. Such
changes in worm counts are certainly suggestive of a
delay in migration and development of the worms.

Except for the study of Vogel & Minning (1953)
and Naimark et al. (1960), in which experimental
monkeys were kept under observation for months
or years, most experimental work on acquired
resistance to schistosomes was done with an observa-
tion period of three to six weeks after challenge
(Kagan, 1952; Olivier & Schneidermann, 1953;
Stirewalt, 1953; Thompson, 1954; Lin & Sadun,
1959; Hunter et al., 1962). Evidence that protective
immunity was developed in response to infection
with a heterologous parasite was provided by Hsu
& Hsu (1961), and this view has been supported by
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Sadun et al. (1961) and by Hunter et al. (1961). The
described immunity was deduced from data recorded
from four to six weeks after challenge. Sadun & Lin
(1959) reported resistance acquired after treatment
with vaccines consisting of schistosome tissue
extracts or of schistosome metabolites, as evidenced
by reduced numbers of worms from 22 to 30 days
after challenge. A similar type of resistance to
Schistosoma mansoni was found by Jachowski (1961)
within six weeks after exposure in animals which had
been preinfected with Trichinella.
Although Perlowagora-Szumlewicz & Olivier

(1963) presented evidence indicating that the reduced
worm and egg counts were due merely to a delay in
migration and development of worms, this does not
necessarily disprove an influence of the infection with
irradiated cercariae on the host's response to a
challenge infection. The delay in accumulation of
recoverable worms and eggs suggests the probability
of inhibitory factors being produced by the aborted
infection, although their relationship to specific
acquired resistance to schistosomes continues to be
uncertain.

If, as in some other infections, constant degrada-
tion of immunity takes place, the resumption of
normal activities by the worms as the infection
becomes older suggests either that the immunity is
of a very low order or that the protective mechan-
isms are transient in nature. This poses the question
whether certain modifications in the procedure of
irradiating cercariae would produce a defence
mechanism capable of suppressing the infection at
least partially. While this question received some
attention in investigations in which radiation doses
lower than 3000 r have been used in exposures of
cercariae, as described by Hsu et al. (1962), the
amount of information available is rather limited.
Therefore it seemed desirable to investigate the
problem further, and results of a more extensive
study are presented here.

MATERIAL AND METHODS

Schistosoma mansoni derived from Puerto-Rican
stock maintained in Swiss mice were used in all
experiments. Since infections with sex-determined
cercariae at a 1 :1 ratio were used in the primary
and in the challenge exposures, a stock of unisexually
infected Australorbis glabratus was maintained
throughout the experiments. The snails were from a
non-pigmented strain derived from a Brazilian/
Puerto-Rican cross maintained in this laboratory

since 1954, when it was established by Newton. A
total of 205 young snails ranging from 3 mm to
5 mm in diameter were exposed individually to one
miracidium each. Fourteen weeks later 41 of the 85
snails shedding cercariae were found to harbour a
female infection and the remaining 44 a male infec-
tion. Cercariae used in the first infection were pools
from 35 snails with male infections and 35 snails
with female infections. Those used in challenge
infection were the pools from a minimum of 15
specimens infected with either sex.

Swiss female mice weighing 17-22 g at the start
of the tests were used in all experiments. Each
mouse was exposed to 300 cercariae in the primary
infection and 70 cercariae in the challenge infection.
All procedures described by Perlowagora-Szumlewicz
& Olivier (1963) for exposure ofcercariae to radiation,
infection of mice, and examination of animals for
Wvorm and egg burdens were followed.

Cercariae were irradiated with X-rays produced by
a Van de Graaff generator operating at 2.5 Mev.
Each radiation dose was delivered in a single ex-
posure at a rate of about 90 r per minute.

EXPERIMENTS

Two series of experiments were done. In the first,
the experiments were designed to study the effect of
radiation on the development of cercariae within the
mouse. Evidence of radiation effect was sought in
one group of mice by comparison of worm counts,
male-female ratios, and egg counts in the liver with
corresponding data obtained from control mice
infected with non-irradiated cercariae; a second
group was used to compare survival of mice infected
with normal or irradiated cercariae. The second
series of experiments was designed to study the effect
of prior exposure to irradiated cercariae on the host's
response to a challenge infection, as measured by
survival, worm burden, and accumulation of eggs
in the liver at various intervals after challenge.
A total of 940 mice was divided into five groups.

In one, 208 were infected by individual exposure to
300 cercariae irradiated with 2000 r. A second group
of 208 mice was given the same exposure to cercariae
which had been irradiated with 2500 r. A control
group included a similar number of mice, exposed
to non-irradiated cercariae. Because of the proba-
bility that the majority of the latter would be dead
within 10 weeks after infection, a second control-
consisting of mice exposed to 100 normal cercariae
-was added. Each group was divided into two lots.
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One of these was used in the first series of experi-
ments to determine the effects of radiation on the
development of worms. The other was used two
months later in the second series to determine
whether preinfection with irradiated cercariae would
protect the animal against a challenge infection. A
group of 108 mice was then included to act as a

control for the infectivity of the cercariae used in the
challenge exposures.

The effect of X-irradiation on the development of
schistosomes in mice

At intervals from 28 to 288 days after exposure,

groups of five mice in each series were killed and
examined. As anticipated, all mice exposed to 300
normal cercariae died before the 99th day (Fig. 1).
Therefore data recorded in the second control group

of mice, exposed to 100 cercariae, are also included
in Fig. 1. The mean number of worms recovered
from mice in this group 57 days after infection was

exceptionally high (23.6) but this was due to a single
mouse from which 47 worms were recovered. After
excluding it, the worm recoveries from the group
examined 57, 71 and 85 days after infection were

comparable.

At autopsy early after infection large numbers of
worms were recovered from mice exposed to non-

irradiated cercariae. Thereafter, the worm counts
slowly declined and reached relatively low values by
the 85th day in mice exposed to 300 cercariae and
by the 288th day in mice infected with 100 cercariae.
Unlike the conditions in control mice, a very low
worm burden developed from the irradiated cer-

cariae. As in mice exposed to normal cercariae,
the worms derived from irradiated cercariae reached
a maximum early after infection but worm counts
did not show a decline until after the 140th day.
Fewer worms reached the portal system from cer-

cariae irradiated with 2500 r, but they could still be
found occasionally as late as 200 days after infection.
As may be gathered from Table 1, of 67 animals
exposed to cercariae irradiated with 2000 r and of an
equal number infected with cercariae irradiated
with 2500 r, 18% and 35% respectively were found
parasite-free. This contrasts with the control mice
among which worms were invariably recovered from
those exposed to 300 cercariae and were recovered
from 97% of those exposed to 100 cercariae. Since
parasite-free animals were excluded in calculating
the worm recovery percentages, the data presented

FIG. 1
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in Table 1 are somewhat higher than those illustrated
in Fig. 1.

Deaths recorded in a second set of mice, which
differed from the previous one only in that none of
the animals was autopsied during the period of
observation, showed that 51 % of control mice
infected with 300 cercariae died within two months,
while none died among those infected with irradiated
cercariae, and only 2% died in the following seven

and a half months.
Worms that developed from irradiated cercariae

showed morphological changes which could be
related to radiation damage; they were stunted, and
the majority of males showed abnormal guts (Fig. 2).
Males similar to those seen in Fig. 3 were found
occasionally among worms recovered from control
animals but they did not represent an appreciable
percentage of the normal worm burden. It is clear
from inspection of worms recovered four months
after exposure (Fig. 4) that at least some of the
worms had grown from the undeveloped stage into
adults. However, although some worms were in
copula, they produced only a few immature, non-

viable eggs. Eggs were recovered in only five of a

total of 134 mice exposed to irradiated cercariae.
Moreover, the eggs recovered were immature and
insignificant numerically.
The male-female ratios among the worms re-

covered are shown in Fig. 5. Males consistently out-
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FIG. 2
MORPHOLOGICAL CHANGES IN WORMS FROM IRRADIATED CERCARIAE TWO MONTHS AFTER EXPOSURE

S. mansoni from irradiated cercariae. S. mansoni from normal cercariae.

numbered females among worms developed from
normal cercariae, but, with two exceptions (on days
99 and 168), females predominated in the mice
exposed to irradiated cercariae. This suggests a sex
difference in the susceptibility of cercariae to the
effects of radiation.

The development of challenge infection in mice previ-
ously exposed to irradiated cercariae
Eight weeks after exposure to irradiated and non-

irradiated cercariae, mice were exposed individually
to a suspension of 70 cercariae, consisting of equal
numbers of male and female larvae. Those pre-

FIG. 3
MOST FREQUENT CHANGES IN MALE WORMS FROM IRRADIATED CERCARIAE
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FIG. 4
WORMS FROM IRRADIATED AND NON-IRRADIATED CERCARIAE FOUR MONTHS AFTER EXPOSURE

Woriiis fromli rnormnal cercariae.

infected with cercariae irradiated with 2000 r and
2500 r will be referred to as groups B and C re-
spectively. Those exposed to non-irradiated cer-
cariae prior to challenge will be referred to as
group D. An additional group of 108 mice was
exposed for the first time to a similar infection and
acted as a control for the infectivity of cercariae used
in challenging mice (group A). Each group was

Worms from irradiated cercariae.

divided into two lots; one was set aside to observe
the death-rate, and in the second, worm burdens and
accumulation of eggs in the liver were studied. No
detailed analysis was made of data from test animals
in groups B and C as compared with those of control
mice in group D, although results are presented in
Table 2. It was obvious that the worms present in
the latter represented both the initial and reinfection

FIG. 5
MALE-FEMALE RATIOS AMONG WORMS FROM IRRADIATED AND NON-IRRADIATED

CERCARIAE
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TABLE I

COMPARISON OF WORM YIELDS FROM MICE EXPOSED TO IRRADIATED AND NON-IRRADIATED CERCARIAE

Percentage of worms found at various times after exposure a

Mouse exposure 28 42 57 71 85 99 126 140 168 198 228 258 288
days days days days days days days days days days days days days

300 cercariae
irradiated with
2000 r 2.6 1.4 0.7 2.0 1.2 1.8 1.4 1.5 1.1 0.9 1.2 0.3 1.1

(415) (3/5) (4/5) (4/5) (5/5) (5/5) (5/5) (5/5) (5/5) (5/5) (3/5) (3/5) (4/7)

300 cercariae
irradiated with
2 500 r 0.4 1.2 0.5 1.1 1.0 0.7 0.6 0.9 1.0 0.7 0.7 0.4 0.3

(4/5) (4/5) (5/5) (3/5) (4/5) (2/5) (3/5) (4/5) (1/5) (4/5) (2/5) (4/5) (1/7)

300 non-irradiated
cercariae 24.5 22.1 18.4 21.3 11.0

(5/5) (5/5) (5/5) (5/5) (5/5)

100 non-irradiated
cercariae 12.2 9.8 23.6 b 14.2 14.2 11.4 11.2 8.6 7.4 8.5 6.8 4.3 4.0

(5/5) (5/5) (5/5) (5/5) (5/5) L (5/5) (5/5) (5/5) (5/5) (4/5) (5/5) (4/4) (3/4)

a Expressed as the mean percentage recovered per positive mouse. Figures in parentheses indicate the number of mice from
which worms were recovered over the number examined.

b Exceptionally high worm yield (47 %) from one mouse is included.

TABLE 2

WORM RECOVERY FROM MICE CHALLENGED 58 DAYS
AFTER EXPOSURE TO IRRADIATED AND

NON-IRRADIATED CERCARIAE a

Group

Days

after
bchallenge b

27 (85)

41 (99)

68 (126)

82 (140)

110 (168)

140

170

A B

Oc 2000 r

14

19

13

20

15

15

15

12

(198)

(228)

200 (258)

230 (288)

11

23

18

19

21

13

15

16

8
(7 mice)

C

2 500 r

9

26

29

25

18

19

12
(4 mice)

D

0

33

35

43
(3 mice)

a Expressed as the numbers of worms from 5 mice unless
otherwise specified.

b Figures in parentheses indicate intervals after primary
infection.

c The mice in group A received only the challenge infection.

larvae, while those found in the former probably
represented only normally developed worms from
the second infection. An analysis of variance was
performed by comparing the data recorded in test
mice B and C with those in control mice A.
At autopsy, 27 days after challenge, the worm

counts from test animals were somewhat lower than
those from control animals (Table 2). However,
they increased rapidly thereafter, and a distinctly
greater number of worms was recovered from test
animals C than from control animals A. There was
also a sharp increase in worms recovered from mice
in group B; however, they outnumbered the worms
from control mice only occasionally. The larger
number of worms from test animals than from
controls could be linked, partially at least, to the
presence of worms developed from irradiated
cercariae.
No eggs were found in liver digests of either test or

control animals four weeks after exposure to normal
cercariae, but they were invariably present in all
animals two weeks later, as shown in Table 3.
During the following two weeks, the egg accumula-
tion in test mice paralleled that in control mice.
The apparent difference between egg counts from
mice in group C and those from the control animals
at 68 days was statistically not significant (P=0.09).
During a further six-week period, eggs accumulated

406



SCHISTOSOME-RESISTANCE IN MICE EXPOSED TO X-IRRADIATED CERCARIE

TABLE 3
EGG ACCUMULATION PER GRAM OF LIVER IN MICE CHALLENGED 58 DAYS

AFTER EXPOSURE TO IRRADIATED CERCARIAE a

Group A Group B Group C

Days 0 b 2000 r 2500 r
after [
challenge Mean egg countsC Mean egg countsc t P Mean egg counts t P

27 0 0 0

41 1.25 0.25 2.26 0.88 -1.10 > 0.20 1.48 ± 0.38 -0.50 > 0.20

68 7.69 i 1.65 7.23 + 1.54 0.20 > 0.20 15.56 ± 3.72 -1.93 0.09

82 12.06 1.50 15.13 2.90 -0.90 > 0.20 17.61 ± 3.30 -1.50 0.20

110 31.14 ± 1.90 18.80 i 1.72 4.82 < 0.01 25.43 ± 2.33 1.97 0.09

140 20.36 ± 1.45 16.23 i 3.13 1.20 > 0.20 14.35 ± 2.38 2.15 0.06

170 17.89 1.72 17.41 ± 0.80 0.20 > 0.20 21.17 ± 2.88 -0.70 > 0.20
(4 mice)

200 20.29 1.32 23.77 1.75 -1.58 0.20 _ _ - -

230 - - 12.75 0.58 - -| - -l
(7 mice)

a Expressed as numbers of eggs from 5 mice unless otherwise specified.
b The mice in group A received only the challenge infection.
c Mean egg count x 1 000; S.E. x 1 000.

steadily and reached a peak by 110 days, followed
by a fall thereafter in all animals. However, during
the period of heaviest egg accumulation the rise of
egg counts in mice of group B was significantly below
normal (P < 0.01). In contrast, there was a distinct
increase in eggs accumulated in mice of group C;
here counts were well above those in group B
animals that had received cercariae irradiated with
2000 r, and they were not significantly different from
those in control mice (P = 0.09). Thus, in summary
it is evident that the presence of worms developed
from cercariae irradiated with 2000 r caused certain
changes in the accumulation of eggs in the liver.
However, a decrease in egg accumulation in control
mice had taken place by 140 days, and the egg counts
at 170 and 200 days were not significantly different
from those in test mice. Since there were no eggs
present in mice which had not been challenged
following exposure to irradiated cercariae, the eggs
recovered represent those deposited by worms from
the challenge infection. It was obvious that worms
from irradiated cercariae did not represent an
appreciable number of those recovered from
challenged mice. Nevertheless, it seemed advisable to
remove them from the totals listed in Table 2 in
order to assess the actual number of worms re-

sponsible for egg accumulation. This seemed to be
of particular interest as regards mice in which the
aborted infection with cercariae irradiated with 2000 r
was found somewhat to change the pattern of egg
accumulation in the liver.

Results of Experiment 1, illustrated in Fig. 1, and
those of Experiment 2, summarized in Table 2, might
be considered two parts of the same experiment.
They were performed simultaneously, using the same
population of animals exposed to the same sus-
pension of irradiated cercariae, and they differed
only in that the animals in the second part were
challenged while those in the first were left un-
challenged. Therefore results obtained could be
compared closely and differential worm recovery
could be calculated.

Fig. 6 illustrates comparative worm returns and
egg counts from challenge infections in test and
control mice. They confirm the previous results
showing the delayed accumulation of worms in the
test mice within the first 41 days after challenge.
From day 68 onwards, changes in the worm yield
from preinfected mice approximately paralleled those
from the control mice. Variations occurring be-
tween individual groups of both series were of the
same magnitude as those between groups within each
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series of mice. This contrasts with the condition in
egg accumulation where significant differences
occurred although confined exclusively to the
periods of heaviest egg accumulation.

Since the worm recovery from the challenge
infection was not altered by the presence of the
worms from irradiated cercariae, the pronounced
difference in egg accumulation in the liver would
suggest that some changes might have occurred in
the reproductive capacity of the worms owing to the
challenge infection. We were unable to determine
the egg production per female worm since neither
eggs in various tissues in which they normally occur
nor those passed in faeces were counted. Neverthe-
less, a rough estimation of egg production was made
by calculating eggs accumulated in liver per worm
pair, and results obtained are shown in Fig. 7.
The eggs per worm pair followed a steadily

ascending curve to a plateau in both test and control
animals. However, the times at which the plateau
was reached differed. In control mice and in those
in group C the maximum values were reached by

110 days after challenge, and they remained approxi-
mately constant during the following two months,
while in the mice in group B the peak was attained 90
days later. However, this does not necessarily ex-
clude the possibility of the maximum value of eggs
per worm pair being reached somewhat earlier.
Changes found in worms of this group of mice by
140 and 170 days after challenge were more pro-
nounced than usual and prevented sex determination.
Therefore, no efforts were made to estimate egg
accumulation per worm pair at these two times. It
was also shown that the number of eggs per worm
pair at the beginning of the period of heaviest egg
accumulation was highest in control mice and lowest
in group B mice. However, the marked difference
disappeared when egg accumulation per worm pair
decreased from its plateau in the former animals and
increased to a plateau in the latter. Egg accumula-
tion per worm pair in group C mice was intermediate
and remained so until the end of the observations.

In the second part of this experiment, acquired
resistance to S. mansoni was studied by determining

FIG. 6
WORM BURDEN AND EGG ACCUMULATION IN THE LIVER AFTER CHALLENGE INFECTIOz
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TABLE 4
THE EFFECT OF PRE-EXISTING INFECTION WITH IRRADIATED CERCARIAE ON DEATH

OF MICE FOLLOWING EXPOSURE TO NORMAL CERCARIAE

Cumulative deaths at the following months after challenge:
Irradiation

Group of cercariae Total 2 3 4 5 6
(r) mice used

No. No. % No. % No. % No. %

A

B

C

o a

2 000

2 500

54

45

45

0

0

0

17

13

17

31.5

28.9

37.8

29

26

32

53.7

57.8

71.1

36

27

39

66.7

60.0

86.7

44

30

40

81.5

66.7

88 gb

a The mice in group A received only the challenge infection.
b Calculated on the assumption that 9 missing mice (not recorded) died.

whether the aborted infection with irradiated
cercariae would protect animals against the effects
of a challenge infection by preventing or delaying
deaths. A certain number of the animals which were
challenged after exposure to irradiated cercariae
were set aside and kept for a period of six months.

A second group of mice which were exposed to
cercariae used in challenging test animals served
as a control. The mice were checked daily, and those
found dead at any date were recorded. From data
presented in Table 4 it is apparent that all mice were
still alive two months after infection. However, test

FIG. 7
EGG ACCUMULATION IN THE LIVER PER WORM PAIR AFTER CHALLENGE INFECTION
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mice in group B tended to live longer than the control
mice, but the application of the Kolmogorov-
Smirnov test showed the difference not to be signifi-
cant (P < 0.20). Mice in group C showed a some-
what higher mortality than control mice although
the difference in deaths was not significant at the 5%
level (P=0.08). Thus, in summary, it is evident that
the initial infection with the irradiated cercariae did
not materially alter the pattern of deaths from the
challenge infection; deaths were neither prevented
nor delayed.

DISCUSSION

In these experiments, the number of worms
recovered from the portal system and the egg
accumulation in the liver after challenge paralleled
findings in non-immunized mice, and deaths were
neither prevented nor delayed. Thus, reduced worm
yields early after challenge do not necessarily
establish that aborted infection with irradiated
cercariae exerts a protective effect.
The low worm burden found in all mice after

exposure to irradiated cercariae indicated that either
complete suppression of migration or fast elimina-
tion of the majority of worms which reached the
portal system had occurred. Although, in mice
exposed to cercariae irradiated with 2500 r there
were only a few worms, there were more in animals
infected with cercariae irradiated with 2000 r,
possibly because elimination was not so fast. Never-
theless, worm recovery was well above that reported
in previous studies. Furthermore, worms developed
from irradiated cercariae were present continuously
in the majority of mice, as evidenced by their
recovery from the portal system from 28 to 288 days
after infection. However, they tended to become less
numerous, and sometimes they disappeared by eight
months after infection. This could be taken as
evidence of the effect of the irradiation of cercariae
on the longevity of the worms. On the other hand,
it was obvious that the number of worms recovered
from normal infections tended also to decline
towards the end of similar observation periods.
However, the decline in the worm burden from
normal and irradiated cercariae as infection became
older, might have different mechanisms. Further-
more, it is necessary to make a distinction between
the decline or complete loss of worms late after
infection, and their absence early in or halfway
through infection. The number of parasite-free
animals after exposure to cercariae irradiated with
2000 r was striking, and was even more impressive

when animals exposed to cercariae irradiated with
2500 r were considered. Thus, although in certain
animals worms were present as late as at 288 days,
others were parasite-free several months earlier. The
results presented in Table 1 suggest that the absence
of worms in some of those exposed to cercariae
irradiated with 2000 r was due to delay in migration
and development of worms, since they were invari-
ably present in all mice from 85 to 198 days. Had a
delay occurred only in mice receiving cercariae
exposed to the higher radiation dose, worms would
probably have been found in all of these mice at an
equivalent period after infection. However, the
incidence of parasite-free animals in this group was
unusually high, thus suggesting that the absence of
worms was due not merely to delay but to complete
suppression of migration and development brought
about by the high level of radiation given to cercariae.

In the present investigations counts have been
made in order to discover whether there is any
selective action of radiation on the larvae destined
to be males or females. It was demonstrated that
while males outnumber females in worm populations
from normal cercariae, the contrary took place in
populations established from irradiated cercariae.
Thus, although in test mice only few worms were
present, there was a predominance of females over
males, possibly because death of the latter occurred
earlier than that of the former. This supposition is
supported by the morphological changes found in
the male worms following radiation. One of the
effects of the radiation, therefore, was to prevent the
establishment of an adult male population in a
normal proportion to that of females. Evidently,
the reproductive capacity of the worms was impaired,
since eggs were not recovered from the liver digests.
Although we were unable to trace directly the
sterilizing effects of radiation on sex-determined
cercariae, there is good evidence from experiments
in progress that radiation of 2000 r was inadequate
to impair sexual maturation of male worms. Eggs
were recovered from mice exposed to irradiated
male cercariae and challenged with normal female
cercariae.
Worms from irradiated cercariae were present in

the portal system of the host throughout the entire
period of observation. This poses the question
whether there was any significant interaction among
the worms from irradiated cercariae and those from
challenge infection. From this work, it is evident
that the presence of the aborted infection did not
alter the worm yield from the challenge infection.
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The results of these experiments closely parallel
those of Perlowagora-Szumlewicz & Olivier (1963),
showing once again that the reduced number of
worms recovered early after challenge was due merely
to delay in migration of the worms. The lower
radiation doses used in experiments reported here
probably account for the delay being somewhat
shorter than previously reported. It was evident,
however, that though the presence of worms from
irradiated cercariae did not interfere with the magni-
tude of the worm burden from challenge infection, it
slightly modified the accumulation of eggs in the
liver. In test animals this accumulation followed a
similar general patterr, to that seen in control mice.
However, the maximum egg accumulation was not
only delayed (200 as against 110 days) but was also
significantly lower (23 and 770 as against 31 and 140
per gram of liver; P=0.02) in the former as com-
pared with the latter animals, thus suggesting certain
alterations in the reproductive potential of worms
from the challenge infection. The necessary con-
sideration of the total egg production by worms is
beyond the scope of this discussion, since neither
eggs passed in faecal matter nor the distribution of
eggs in various organs was determined. On the other
hand, other factors, such as an increase in the output
of eggs in faeces or a modified fibrous tissue reaction
in the test animals, might also be involved. What-

ever the nature of the factor directly involved in
reducing egg accumulation in the liver, it may lead
to a decrease of pathogenicity associated with eggs
permanently lodged in the liver tissue. However,
from the practical point of view, such a decrease in
egg accumulation as herein described is of little
consequence. As stated before, deaths from challenge
infection were neither prevented nor delayed.

We are unable to explain why we did not find
more significant changes in the course of the challenge
infection in the test mice. Obviously, there are many
factors involved. Evidence exists which points to the
fact that the worm burden from the irradiated cer-
cariae may be the major factor responsible for
failure in inducing resistance to S. mansoni. Although
slight alterations in egg accumulation in the liver
following challenge were found in all test mice, they
were significant only in those preinfected with cer-
cariae irradiated with the lower dose, while they were
of no significance in those preinfected with cercariae
exposed to the higher dose. As these two groups
differed only in that the worm yield from irradiated
cercariae in the former was well above that in the
latter, it is probable that the establishment of a
larger population of worms from irradiated cer-
cariae would lead to more successful results than
those reported here.
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RESUMI2

Pour 6tudier la resistance acquise a Schistosoma
mansoni deux s6ries d'experiences ont ete conduites.
Dans la premiere, des observations ont 6te faites sur le
developpement et la survie chez la souris de vers issus de
cercaires exposees a differentes doses de rayonnements
ionisants. Dans la seconde l'on a evalue l'effet de l'infec-
tion avort6e par les cercaires irradiees sur la reponse de
l'h6te a une infection d'6preuve. Alors que le pourcentage
des vers provenant de 300 cercaires normales oscille entre
18 et 24% pendant la periode d'accumulation maximale,
celui des vers issus de cercaires irradi6es par 2000 r varie

entre 0,7 et 2,6 %. Les vers issus de 300 cercaires irradi6es
par 2500 r ne representent plus que 0,4 a 1,2%. Bien
qu'apres sept mois le nombre des vers ait diminue l'on a
pu, 288 jours apres l'infection, trouver encore des para-
sites dans le systeme porte. Un des effets de l'irradiation
a ete d'alterer la proportion des males par rapport aux
femelles chez les vers issus de cercaires irradiees. Alors
que le rapport est superieur a 1 lorsqu'il s'agit d'une
infection naturelle, il est inferieur a 1 dans les infections
par cercaires irradi&es. Tous les vers presentaient, du fait
des irradiations, des alterations morphologiques, surtout
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marquees chez les males. Cependant ceux-ci n'etaient pas
responsables de l'absence de ponte dans l'organisme des
souris ayant ete infectees par des cercaires irradi&es par
2000r. L'absence de parasites chez des souris peu apres
l'infection est due a la lenteur de migration et de
croissance des vers, tandis qu'une telle absence, constat6e
longtemps apres l'exposition des souris a l'action des
cercaires, incite a penser soit a une suppression complete
du developpement, soit a une rapide elimination des
vers.

L'infection avortee obtenue a l'aide de cercaires
irradiees n'a aucune influence sur le nombre des vers

apres infection d'epreuve. La quantite de vers trouves
chez des souris precedemment exposees A l'action de
cercaires irradiees par 2000 r est identique a celle cons-
tatee chez des souris infect6es pour la premiere fois. Par
contre l'accumulation des ceufs dans le foie est moindre
chez les premieres que chez ces dernieres. L'on n'a pu ni
eviter ni retarder ainsi la mort des animaux. Certaines
observations incitent a penser qu'un des facteurs res-
ponsables de I'absence d'immunite acquise est le nombre
trop petit de vers issus de cercaires irradi6es, ces vers
jouant probablement le r6le d'antigenes dans le processus
immunologique.
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