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C57BL/6 mice exhibit low parasitemias and often survive Trypanosoma cruzi
infections, whereas C3H(He) mice die during the acute phase with relatively high
parasitemias. The present study showed that both strains of mice develop
nonspecific immunosuppression to challenge with sheep erythrocytes during the
course of infection. Several major differences in immunosuppression-related phe-
nomena between the two strains ofmice were determined, yet there is no apparent
relationship between immunosuppression and resistance to T. cruzi. Both the
number ofdirect plaque-forming cells and the titer of2-mercaptoethanol-sensitive
agglutinating antibody were significantly lower on day 11 for C57BL/6 mice and
day 9 for C3H(He) mice. The number of indirect plaque-forming cells and the
titer of mercaptoethanol-resistant agglutinating antibody were reduced by day 36
of infection in C57BL/6 mice and 13 days postinfection in C3H(He) mice. In both
strains the degree ofhumoral response suppression of mice increased concomitant
with the period of infection, but was not correlated with the changes in spleen
cell numbers. Preliminary experiments designed to explore the mechanism un-
derlying the induction and maintenance of immunosuppression in this host-
parasite model disclosed the presence of suppressor substance in the serum of T.
cruzi-infected mice. The passive transfer ofserum from infected mice to syngeneic
recipients elicited a state of immunosuppression to sheep erythrocytes, but did
not diminish anti-erythrocyte activity in allogeneic recipients. The induction of
immunosuppression in normal mice was further found to be dependent on the
interval between serum transfer and challenge with antigen. No quantitative
differences existed between the magnitude of suppressed humoral responses in
mice infected for varying lengths of time and recipients of serum collected from
similarly infected mice.

A number of animal parasites, both metazoan
and protozoan, have been shown to induce cel-
lular and/or humoral immunosuppression to
heterologous antigens during the course of infec-
tion in mammals (2, 3, 6, 10, 19, 23). Of the
protozoan parasites known to effect a state of
nonspecific immunosuppression in hosts, the ex-
tracellular trypanosomes, especially the African
trypanosomes, have received considerable atten-
tion (1, 5, 8, 12, 13, 18).
We report here results of experiments on the

onset and development of immunosuppression
of humoral responses during the course of ex-
perimental American trypanosomiasis, a disease
caused by the obligate, intracellular protozoan
Trypanosoma cruzi. These experiments were
done in two strains of mice which differ in sus-
ceptibility to these hemoflagellates, in an at-
tempt to determine any relationships between
susceptibility to infection and onset and/or mag-
nitude of immunosuppression. While no such

correlation was evident, it was found that sera
from mice infected with T. cruzi contain a host-
specific suppressor substance which interferes
with the induction of immune responsiveness to
heterologous erythrocytes.

MATERIALS AND ME`HODS
Animals. Eight- to 10-week-old C57BL/6 (Jackson

Laboratories, Bar Harbor, Me.) and C3H(He) (Flow
Laboratories, Dublin, Va.) female mice were used in
all experiments. They were housed in plastic cages in
groups of six and maintained in a temperature-con-
trolled animal room. Purina laboratory chow and wa-
ter were supplied ad libitum.

Infections. Mice were infected by the intraperito-
neal route with 103 blood-form trypomastigotes in 0.1
ml of 0.1 M phosphate-buffered saline (pH 7.0). At
this infection inoculum, C57BL/6 mice usually live
45+ days and often survive, whereas C3H(He) mice
die on about day 24. A Brasil strain of the parasite
maintained in C3H(He) mice was used in all infections
(16).
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Immunizations. Mice were immunized intraperi-
toneally with 0.2 ml of a 10% sheep erythrocyte
(SRBC) suspension (4 x 108 cells) in phosphate-
buffered saline.
Serum and spleen cells. Animals were bled from

the retro-orbital plexus and killed by cervical disloca-
tion. Individual blood samples remained at room tem-
perature for 1 h for clot formation and for 2 h at 40C
for clot retraction, and were centrifuged at 1,200 x g
for 15 min. The resultant sera were inactivated at 560C
for 30 min and stored at -80'C until use. After mice
were killed, their spleens were removed, weighed, and
gently teased apart with forceps in 2.5 ml of Eagle
minimal essential medium (Gibco, Grand Island, N.Y.)
fortified with heat-inactivated fetal calf serum (5%).
The cells were deaggregated by drawing once through
a 23-gauge needle into a plastic syringe and expelling
through a 26-gauge needle. The cell suspension was
centrifuged at 340 x g for 5 min, then resuspended in
2.5 ml of Eagle minimal essential medium plus fetal
calf serum. Nucleated spleen cells were counted on a
hemacytometer, using Turk solution as a diluent.
Spleen cells from different mice were not pooled.
Serum transfer studies. Sera collected through-

out the course of T. cruzi infections in C3H(He) and
C57BL/6 mice were inactivated at 560C for 30 min
and stored at -80'C until use. Transfer of serum to
normal recipients was done via the retro-lateral tail
vein in 0.2-ml aliquots. Unless designated otherwise,
C57BL/6 mice were challenged with SRBC 2 days,
and C3H(He) mice 4 days, after receiving serum from
infected mice. Dilution of serum for passive transfer
was done in phosphate-buffered saline.
Hemolytic plaque assay. Direct and indirect

plaque-forming cells (DPFC and IPFC, respectively)
were determined 100 and 202 h post-SRBC immuni-
zation, respectively. A slide modification of the Jerne
plaque technique was employed (14) using goat anti-
mouse immunoglobulin G heavy- and light-chain an-
tiserum (Cappel Laboratories, Downington, Pa.) at a
1/800 dilution in phosphate-buffered saline for the
expression of IPFC. Guinea pig serum (Gibco) at a
1:30 dilution in phosphate-buffered saline was used as
a source of complement.

Hemagglutination. A microtiter hemagglutina-
tion assay was used for the determination of 2-mer-
captoethanol (2-ME)-sensitive and 2-ME-resistant ag-
glutinating antibody titers (22).
Adsorption of suppressor serum with SRBC.

Sera from C57BL/6 mice which had been infected for
28 days were pooled, heat inactivated, and adsorbed
two times at 00C with 0.2 ml of thrice washed, packed
SRBC per 1.0 ml of serum. Each adsorption was done
for 15 min, and SRBC were separated from the serum
by centrifugation at 750 x g for 5 min.

Kinetics. DPFC and IPFC and 2-ME-sensitive and
2-ME-resistant hemagglutinin titers were determined
at various times during the course of infection in
C57BL/6 and C3H(He) mice. DPFC and 2-ME-sensi-
tive hemagglutination measurements were made 3r 4,
5, and 6 days after SRBC immunization; IPFC and 2-
ME-resistant hemagglutination measurements were
made 7, 8, 9, and 10 days after SRBC immunization.

Statistics. All results were considered statistically
significant at a P < 0.05 level. Because PFC data are

non-normal, a log2 transformation was utilized to nor-
malize the data (11). An analysis of variance and
Dunnett's multiple comparison test were used for sta-
tistical evaluation in all experiments (24).

RESULTS

The effect of T. cruzi on the host response
to SRBC. T. cruzi infections in both the suscep-
tible C3H(He) and resistant C57BL/6 mice re-
sulted in suppression of humoral responses to
SRBC (Fig. 1 and 2). While the numbers of
direct and indirect PFC and levels of 2-ME-
resistant and 2-ME-sensitive antibody were de-
pressed in both animals, it was found that IPFC
and 2-ME-resistant antibody showed an unex-
plained (and reproducible) initial enhancement
in C57BL/6 mice before these parameters of
responsiveness became significantly reduced
later in the infection. No such amplification was
detected in infected C3H(He) mice. Also, neither
the observed suppression in either strain of
mouse nor the apparent amplified early re-
sponses in C57BL/6 mice can be attributed to

10- 4

9-

8-

7- K4

C\J

J
0

H-
H-

I:

6-

5-

4.

3.

2

4 12 20 28 36 43
DAY OF INFECTION

FIG. 1. Anti-SRBC antibody titers in C3H(He) (A,
A) and C57BL/6 (0, 0) mice during the course of T.
cruzi infection. Eachpoint represents day ofinfection
on which anti-SRBC antibody was measured. SRBC
challenge was done 4 and 8 days prior to assay for 2-
ME-sensitive (0, A) and 2-ME-resistant (0, A) anti-
body, respectively. Multiple comparison standard er-
rors for 2-ME-sensitive and 2-ME-resistant antibody
were 0.1096 and 0.2146, respectively.
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FIG. 2. Anti-SRBC DPFC (closed symbols) and
IPFC (open symbols) responses in C3H(He) (A, A)
and C57BL/6 (0, 0) mice during the course of T.
cruzi infection. Eachpoint represents day ofinfection
on which PFC response was measured. SRBC chal-
lenge was done 4 and 8 daysprior to assay for DPFC
and IPFC, respecitvely. Multiple comparison stan-
dard errors for DPFC and IPFC were 0.1117 and
0.2583, respectively.
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changes in kinetics of the responses to SRBC.
Regardless of stage of infection, magnitude of
suppression, or strain of mouse, maximal anti-
SRBC responses occurred on day 4 (100 h
postchallenge) for immunoglobulin M and
DPFC production and day 8 (202 h postchal-
lenge) for 7S antibody and IPFC production
(Fig. 3).
Relationship between immunosuppres-

sion and splenomegaly. Albright et al. (2)
found that mice infected with Trypanosoma
musculi exhibit suppressed humoral responses
and that the suppression is progressively re-
duced as the animals self-cure. This abrogation
of suppression was correlated with reduction in
spleen size and spleen cell numbers. No such
relationship was observed in the present inves-
tigation (data not shown) or in a previous study
on suppression of cellular responses during the
course of T. cruzi infection in mice (20).
Soluble suppressor substance in sera of

T. cruzi-infected mice. Suppressor cells (8, 18)
as well as circulating suppressor substances (17)
are known to be mediators ofvarious nonspecific
immunosuppression phenomena. In investigat-
ing the possibility of soluble suppressor sub-
stances being generated during the course of T.
cruzi infections, it was found in the present
study that serum from infected mice could pas-
sively immunosuppress normal syngeneic recip-
ients, rendering them incapable of normal anti-
SRBC responses. Serum from C3H(He) and
C57BL/6 mice infected with T. cruzi for at least
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FIG. 3. Kinetics of anti-SRBC DPFC (closed symbols) and IPFC (open symbols) responses in normal (-,
0) and T. cruzi-infected mice. C57BL/6 mice were infected for 11 (0, 0) or 25 (A, A) days and C3H(He) mice
were infected for 6 (0, 0) or 12 (A, A) days when challenged. Multiple comparison standard errors for
C57BL/6DPFC and IPFC and C3H(He) DPFC and IPFC were 0.3014, 0.1960, 0.2701, and 0.2146, respectively.
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9 days and 14 days, respectively, passively sup-
pressed anti-SRBC DPFC in syngeneic recipi-
ents. The degree of suppression effected by the
transferred sera correlated with the degree of
suppression in the infected donor mice (see Fig.
1 and 2), suggesting an increase in the serum
concentration of the suppressor substance with
time of infection (Fig. 4). It was noted as well
that C57BL/6 mice were more completely sup-
pressed by transfer of dilutions of "suppressor
serum," although the net reduction in numbers
of responsive spleen cells in the two strains was
similar (Fig. 5).
Of special interest was the observation that

serum from infected mice, known to be suppres-
sive in the syngeneic recipient, could not sup-
press humoral responses in the allogeneic recip-
ient (Fig. 4).
The in vivo conditions optimal for the induc-

tion of immunosuppression were critically de-
pendent on the temporal relationship between
passive transfer of serum and challenge with
SRBC. Passive immunosuppression was maxi-
mal in C56BL/6 mice when suppressor serum
was administered 2 days prior to challenge with
SRBC, whereas a lapse of 4 days was optimal
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FIG. 5. Effect of passive transfer of dilutions of
serum from T. cruzi-infected mice [day 20 C3H(He);
day 36 C57BL/61 on the anti-SRBC DPFC response
of normal syngeneic recipients [C57BL/I6, 0;
C3H(He), A]. Multiple comparison standard errors
for C57BL/6 and C3H(He) mice were 0.4132 and
0.2901, respectively.

for suppression in C3H(He) mice (Fig. 6). Sup-
pression of responsiveness did not occur when
the suppressor serum was given on the same day
as or after challenge with SRBC.

It was possible, especially with the C56BL/6
mice which develop high background anti-
SRBC PFC during the course of infection, that
the observed passive immunosuppression was
due to cross-reactive anti-SRBC antibody in the
suppressor serum. To examine this possibility,

0 serum from T. cruzi-infected C56BL/6 mice
.o (known to be suppressive) was adsorbed with

I.- SRBC prior to transfer into syngeneic recipients.
W The mice were then challenged with SRBC two
z days later, and their anti-SRBC responses were

________ determined. It was found that there was no
i 43 abrogation of suppressor activity in the suppres-
SERUM DONOR sor serum as a result of adsorption with SRBC.
or of serum from T Control mice had mean DPFC per spleen and
BCDPFC response hemagglutination titers of 31,250 and 1/64, re-
received 0.2 ml of spectively, whereas recipients of adsorbed or
neic [C57BL/6 -. nonadsorbed suppressor serum had DPFC per
), A] or allogeneic spleen of 75.83 and 79.67, respectively, and un-
7BL/6, *; day 40 detectable hemagglutination titers.
donors. Uninfected
tic serum. Multiple
or C57BL/6 and
0.1814 and 0.2281,

DISCUSSION
Several studies have suggested that antibody

plays a significant role in immunity to T. cruzi
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FIG. 6. Effect ofpassive transfer of suppressor se-

rum (SS) from T. cruzi-infected mice [day 22
C3H(He); day 36 C57BL/6] on the development ofthe
anti-SRBC DPFC response in normal syngeneic re-

cipients [C57BL/6, 0; C3H(He), IA] administered
SRBC before, after, or on the day of serum transfer.
Multiple comparison standard errors for C57BL/6
and C3H(He) mice were 0.1487 and 0.1623, respec-
tively.

in mammals (7, 15, 21). However, it is apparent
from the present study and an earlier report by
Clinton et al. (4) that humoral responses are
impaired in T. cruzi-infected mice. Suppressed
responses to heterologous erythrocytes were ob-
served in C3H(He) mice, which are highly sus-
ceptible to these parasites, and in the relatively
resistant C57BL/6 mice. Indeed, infected
C57BL/6 mice persist with levels of suppression
exceeding those of C3H(He) mice, which die
early in the acute phase of the disease. It does
not appear, therefore, that immunosuppression
of humoral responses, in and of itself, is respon-
sible for the differences in susceptibility to T.
cruzi in C3H(He) and C57BL/6 mice.

It may be determined in future studies that
the unexplained initial amplification of numbers
of IPFC and level of 7S antibody in infected
C57BL/6 mice is important in resistance to this
parasite. One might have anticipated similar
amplification in DPFC numbers and 19S anti-
body responsiveness, although the necessity for
this correlation is questionable (9). It was noted
during the course of these experiments that T.
cruzi-infected C57BL/6 mice, but not C3H(He),

developed high levels of background anti-SRBC
PFC (ca. 212 DPFC; 21" IPFC), suggesting that
these more resistant animals may be sensitized
to SRBC via recognition of cross-reacting anti-
gens on the parasite and that the initial ampli-
fication of the IPFC is actually a secondary
response. This, however, may be an unlikely
possibility since, as shown in Fig. 2, normal
C3H(He) mice were found to be more responsive
to SRBC than were C57BL/6 mice.
An important observation in the present study

was the determination that sera of infected mice
contain a host-specific substance capable of me-
diating suppression of humoral responses when
passively transferred to normal, syngeneic recip-
ients. Although the role of this suppressor sub-
stance in immunity to the parasite was not de-
termined, the fact that the inductive phase of
antibody production is affected has profound
implications on the development of resistance to
T. cruzi. If, as with African trypanosomes, dif-
ferent clones or subpopulations of parasites arise
during infections, or if antigenic modulation oc-
curs in T. cruzi, then the host would have im-
paired responses to antigenic variants develop-
ing in the latter stages of infection and may
explain, in part, the persistence of the parasite
in the immune host.

Studies are in progress to define the nature of
the suppressor substance, including its origin
(host, parasite, or both), specificity with respect
to host H-2 haplotypes, and physical character-
istics. Preliminary results show it to have a
molecular weight of about 200,000 on Sephadex
G-200 gel filtration.
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