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Schistosoma mansoni: Reinfections and Concomitant
Immunity in Mice. Importance of Perfusion Time after
Challenge Infection for Evaluation of Inmunoprotection
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The concomitant immunity in the presence of repeated infections (with 15 cercariae) was studied in
mice sacrificed on the 20th day after each infection. The comparison of the averages of immature
worms, recovered from mice submitted to reinfection, with those of their respective controls (previously
uninfected) showed a significantly lower worm recovery rate in the animals with previous infections
(concomitant immunity). However, statistically significant differences could not be detected among the
various groups of animals, when the mice that accumulated worms in this mature stage were perfused.

The theoretical projection based on the accwmnulation of voung worms which developed to adult
ones indicates a lower recovery rate of adult worms in the animals with concomitant immunity, but this
projection was not corroborated by the experimental data. The visceral hemodyvnamic alterations that
occurred in reinfections due to the pathogeny, favouring recirculation of the recent arriving worms o
the portal system, could explain the lower recovery rate of immature worms, which could remain in

other organs on the occasion of perfusion of the portal system.
Tnese results suggest that special care should be taken when one wants to investi gate concomitant
immunity in mice based on the distinction of the immature worms from challenge infection and the

mature ones from primary infection.
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The concept of concomitant immunity in schis-
tosomzasis mansoni was first described by Smithers
and Terry (1967) establishing that the presence of
adult worms induces a partial immunoprotective
response against the juvenile forms of Schistosoma
mansoni. The comprehensive review by Hogan and
Wilkins (1993), dealing with this subject, shows
an intense research activity on the same matter,
the publication by Smithers and Terry (1967) be-
ing their starting point.

Assessment of concomitant immunity in experi-
mental schistosomiasis mansoni is commonly
achieved by means of a sole cercarial challenge in
previously infected animals (single infection),
worm rccovery being performed on approximately
day 20 post-chalicnge. At 20 days after reinfec-
tion, 1t is possible to distinguish the primary in-
fection population, composed of fully developed
worms, from the reinfection population, comprised
of smatler and immature worms easily distinguish-
able from the older ones. The degree of protection
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may be evaluated by comparison between the worm
recovery rate of 20-day-old worms (challenge), in
the animals with mature infection. and the worm
recovery rate of immature worms, in the controls
(uninfected animals). On the other hand, very few
researchers who carried out work to investigate
concomitant immunity in mice used repeated in-
fections. It is important to point out that the present
approach simulates what could occur with patients
ltving in endemic areas, who might undergo sev-
eral reinfections. On the other hand, hemodynamic
alterations due to the disease could elicit recircu-
lation of the immature worms. Thus, in the present
study, a theoretical projection of the cumulative
number of immature worimns on mature ones was
compared with the data experimentally obtained
related to mature worms.

MATERIALS AND METHODS

Albino Swiss mice (outbred females) were in-
fected with the LE strain (Belo Horizonte, MG,
Brazil) of S. mansoni isolated from a patient and
kept at the Schistosomiasis Research Unit - Prof,
Jos¢ Pellegrino Laboratory (Federal University of
Minas Gerais) by passage in laboratory reared
Biompnalaria glabrata and hamster, for more than
30 years. The animals were transcutaneously in-
fected with + 20 cercariae through the abdominal
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skin, according to the technique described by Bar-
bosa et al. (1978). Senal infections (with 15 cer-
cariac) were carried out every 30 days, from day
120 after primary infection onwards. The follow-
ing schedule was adopted: (a) group with the pri-
mary infection and 1 reinfection; (b) group with
the primary infection and 2 reinfections; (¢) group
with the primary infection and 3 reinfections; (d)
group with the prnimary infection and 4 reinfections;
{¢) group with the primary infection and 5 rcin-
fections.

Dating from the first day of cach reinfection,
on¢ control group (previously uninfected) was in-
tected. Every 20 days after reinfections, the ani-
mals from the conirol and previously infected
groups were sacrificed and perfused for worm reco-
very from the portal system, according in general
terms with the technique descnbed by Pcllegrino
and Siqueira (1956). Worm counts were done so
as 1o separate the immature worms inherent 1o re-
infection from the mature ones from prior infec-
110ns.

RESULTS

As 1t can be seen in Table, a statistically sig-
nificant lower worm recovery rate was detected in
the animals with primary infection(s) in relation
to the one observed 1n the controls (a).(¢).(d) and
(€). except group (b), {(p<0.12). Analysis was pcr-
formed by means of the Student’s t test. The theo-
retical projection connected with the cumulative
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TABLI-

Schistosoma mansoni: recovery of 20-day-old (immature) worms from the portat system ot mice. after repeated
remtectons with 15 cercanae. by transcutancous route (and thewr respective controls)

M+SD

Group (a)

Primary miection plus [.3:1.3
1 remntection

Control g {a) 6.4+1.8
Group (b)

Primary infection plus 2.8=15
2 reinfections

Control g (b) 4.1=2.3
Group (¢)

Primary inlection plus 1.51.2
-3 reinfections

Control g (c) 5220
Group (d)

Primary infection plus 1.041.2
4 remnfections

Control g (d) 48125
Group (e)

Primary intection plus 2319
5 reinfections

Control g (e) 10.1=3.5

Neo. P

12

0.001
13
12

.12
11 (n/s)
12

(.001
12
12

.02
12
12

(.001
12
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effect of immature worms on the mature ones, in
the previously infected animals, indicates that a
marked lower adult worm burden should be de-
tected (-*-, Fig.), but this has not occurred as shown
by the experimental data (-e-, Fig.). The theoreti-
cal projection dealing with the accumulation of im-
maturc worms on mature ones obtained from the
uninfected control animais and recovered as adult
worms (-+-, Fig.), absolutely coincided with the
experimental data recorded for the reinfected group
(-e-, F1g.).
DISCUSSION

Concomutant immunity in experimental schis-
tosomiasis is usually studied by means of an ap-
proach that utilizes perfusion for worm recovery
carrted out on approximately day 20 post-chal-
lenge, in order o0 ascertain protection. In fact, this
methodology allows the distinction between 20-
day-old worms (immature, small-sized) and those
inherent to the initial population, which is com-
posed of mature and larger size worms. In this
approach, a control group of normal mice under-
goes infection on the same date of challenge, perfu-
ston being carried out on day 20 post-infection.
The protection degree is evaluated by comparison
of the averages of immature worms from the group
bearing concomitant immunity and those of the
control group.

In our experiment, using the above mentioned
approach, statistical comparison of the averages
of immaturc worm recovery between the groups
with concomitant immunity and their respective
controls always showed a decrease in those aver-
agces, that 1s, 1n the averages of recovery from im-
mature worms coming from the challenge infec-
tion, in the animals previously showing mature
worms (concomitant immunity) (Table). Neverthe-
less, as can be seen in Fig. there was accumula-
tzon of mature worms, in such a manner that ev-
erything ocurred as if, in fact, concomitant immau-
nity did not occur. Thus, the theoretical projec-
tion derived from the sum of the averages of adult
worms (from the group with concomitant immu-
nity) with the immature ones (from their respec-
tive controls) as a result shows a curve that practi-
cally superposes itself on the average of adult
worms from the subsequent stage, which were ex-
perimentally obtained. On the other hand, still in
connexion with that theoretical exercise of graphic
projection, when the averages of adult worms from
the group with concomitant immunity are added
to the immature worms recovered from the same
groups, 1t can be seen that the curve obtained shows
a markedly lower worm recovery (Fig.).

The possible reasons that might explain this
apparent paradox could base their fundamentals
mainly on the research works by Harrison et al.
(1982), Wilson et al. (1983), McHugh et al. (1987),

and Wiison (1990), who demonstrated that some
hemodynamic alterations occur in the portal sys-
tem 1nt experimental schistosomiasis, thus allow-
ing recirculation of the worms newly migrated from
the lungs to the liver, due to shunts and anasto-
moses (mainly porto-cava). So, at the moment of
perfusion (on day 20 post-infection) several im-
mature worms would remain in other organs, re-
covery of these worms being not possible by means
of portal system perfusion.

The results of the present study lead to the in-
fcrence that, when studying concomitant immu-
nity, the approach taken as a model by several in-
vestigators, i.e., perfusion of the challenged ani-
mals and their respective controls on dates that
allow the scparation of the former infection from
the challenge one (based on the development of
worms) should be analyzed with extreme caution,
due to recirculation of immature worms in the ani-
mals with hemodynamic alterations caused by the
pathogeny of schistosomiasis.
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