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Congenitally athymic homozygous (nu/nu) mice were shown to be significantly
more susceptible to Trypanosoma cruzi infection than their thymus-bearing
heterozygous (nu/+) littermates, as measured by increased parasitemia, mortality
rate, and shortened survival time. In addition, transplantation of neonatal thymus
into athymic mice reestablished normal levels of resistance to T. cruzi, i.e.,
comparable to those of normal littermates. These results constitute conclusive
evidence that host defense mechanisms active in experimental Chagas' disease
are under thymic control.

A role for the host's immune response in de-
fense against infection with Trypanosoma cruzi,
the monocellular parasite causing Chagas' dis-
ease in humans, has been supported by a body
of evidence accumulated in recent years. Thus,
a general immunosuppression produced by var-
ious means, e.g., cyclophosphamide treatment
(15) and lethal X-irradiation (22), has consist-
ently resulted in an exacerbation ofexperimental
T. cruzi infections. An involvement of humoral
immunity has been indicated by the observation
that passive transfer of specific antibodies to
both the hypersusceptible antibody-low-re-
sponder Biozzi mice (9) and normal mice (3, 6,
17) can effectively protect against T. cruzi infec-
tion. Furthermore, the in vitro sensitivity of
bloodstream forms of T. cruzi to antibody-me-
diated, complement-dependent lysis has been
demonstrated (1, 7). Although cell-mediated im-
munity develops in both humans and experi-
mental animals with Chagas' disease (5, 16, 26,
27, 28), it is not yet clear to what extent it may
contribute to host defense against, or pathoge-
nicity of, the parasite. It is noteworthy that
protection against T. cruzi by transferred sensi-
tized cells has been reported (14, 23). However,
the use of living parasites for immunization of
donor animals has complicated interpretation of
the results as far as the role of cellular immunity
is concerned. It will be shown in this report that
host defense mechanisms active in experimental
Chagas' disease are unequivocally thymus de-
pendent. The presented data are the results of
a part of our effort to understand host-T. cruzi
interactions in terms of the host's immune reac-
tivity at the cellular level.

MATERIALS AND METHODS

Congenitally athymic homozygous (nude, nu/nu)
mice and their littermates, heterozygous thymus-bear-
ing (nu/+) mice on BALB/cJ background at the ninth
level of backcrossing, used in this work, were from a
barrier-sustained colony maintained in the Depart-
ment of Anatomy at Michigan State University (20).
T-cell deficiency of nu/nu mice of this colony was
evidenced by their capacity to accept xenogeneic grafts
(18), by lack of response to stimulation with concana-
valin A (19), and by the insignificant proportion (<1%)
of Thy-l-bearing cells present in their lymphoid or-
gans. Animals were 2 to 3 months old when infected
with T. cruzi.

Bloodstream forms of Tulahu6n strain of T. cruzi
maintained by serial passage in mice were used in all
experiments. Dilution as necessary was performed
with a sterile phosphate-buffered saline solution (pH
7.2). The 50% lethal dose of the parasite for Swiss
albino mice was 500 organisms and was determined by
the method of Reed and Muench (21). Parasitemias,
measured by a standardized microscopic procedure
(11), were expressed as numbers of T. cruzi per milli-
liter of blood. Differences between parasitemia mean
values were analyzed by Student's t test and consid-
ered to be significant if P < 0.05. Mortality was re-
corded daily. The Mann-Whitney U test, two-tailed,
was used to analyze these data, and statistical signifi-
cance was assumed when P < 0.05.

Syngeneic thymus transplants during the neonatal
period were performed using thymus glands from 1- to
2-day-old female nu/+ mice. One-half of an isolated
organ was implanted subcutaneously into each nu/nu
animal through a small dorsal skin incision. The re-
maining half of the organ was processed by a standard
histological technique to confirm the identity of the
isolate, and in all cases it was found to be thymus. The
thymus-reconstituted mice were returned to nursing
mothers for an additional 3-week period prior to wean-
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ing. An aseptic technique was carefully observed
throughout all procedures. The neonatal syngeneic
thymus transplant, as performed here, is known to
restore T-cell functions in congenitally athymic mice
(12, 13, 29, 33).

RESULTS

The results of our experiments demonstrated
that athymic mice have greater susceptibility to
T. cruzi infection than their heterozygous, thy-
mus-bearing littermates. This was in part ex-

pressed in terms of considerably increased par-

asitemia levels. A statistically significant (at P
< 0.05) difference in the parasitemia level was

observed as early as 6 days postinfection. On day
15 postinfection, surviving athymic mice har-
bored over 10 times more parasites than normal
littermates (Table 1). The higher parasitemias
accompanied shortened average survival times
and increased mortality rates of athymic mice
(Fig. 1). On day 16 postinfection, when the cu-

mulative mortality of athymic mice reached
100%, only 50% mortality was noted with normal
littermates. Similar results were obtained in two
other experiments conducted under identical
conditions, except that in those cases there were
no survivors (including normal littermates) in
any of the groups. With increased infective doses
of parasites (up to 27,000), the mortality rate
increased in both groups of animals, yet the
mortality of athymic mice anticipated signifi-
cantly that of normal littermates (compare Fig.
1 and 2).
That hypersusceptibility to T. cruzi infection

was due to lack of thymus, and not to other
genetic deficiencies of the athymic nu/nu mice,
was indicated by the normal susceptibility of
these mice after they were neonatally reconsti-
tuted with thymus (Table 2, Fig. 2). A compa-
rable level of parasitemia was achieved by these
two groups of animals through the course of
infection. Also, a very similar rate of mortality
was observed (Fig. 2). A group of nongrafted
athymic nu/nu mice was included in this exper-
iment, all of which were dead by day 11 postin-
fection; their average survival time was 7.4 days.
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FIG. 1. Comparison of mortality rates of athymic

(nu/nu) mice and thymus-bearing littermates infected
with T. cruzi. The curves correspond to the same

groups whose parasitemias are shown in Table 1. P
<0.05.
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FIG. 2. Comparison of mortality rates of athymic

(nu/nu) mice, thymus-reconstituted (T-R) nu/nu mice,
and thymus-bearing (nu/t) littermates infected with
T. cruzi. The curves correspond to the same groups
whose parasitemias are shown in Table 2. nu/nu

versus nu/+, P < 0.004; nu/nu versus T-R nu/nu, P
< 0.028; nu/+ versus T-R nu/nu, P < 0.579.

TABLE 1. Hypersusceptibility of athymic (nu/nu) mice to T. cruzi infection
Mean parasitemia standard error on day: Dead/to-

Mice Slb (days) teal/
6 8 11 13 15 tal

nu/+ 0.5 ± 0.2c 1.2 ± 0.3 10.5 ± 3.0 20.9 ± 5.4 16.0 ± 5.5 17.8d 6/8
nu/nu 0.1 ± 0.05 0.5 ± 0.2 20.2 ± 5.5 107.1 ± 24.7 187.2 ± 4.3 14.7 8/8

P <0.001 <0.02 <0.02 <0.01 <0.001 <0.05
a A total of 20,000 T. cruzi trypomastigotes were injected intraperitoneally.
b'g, Mean survival time.
eMillion parasites per milliliter of blood.
d This figure represents the average survival time of the six dead mice. The harmonic survival mean,

considering the two survivors, was 21.9 days.
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TABLE 2. Correction of the hypersusceptibility of athymic (nu/nu) mice to T. cruzi infection' by thymus
reconstitution

Mean parasitemia ± standard error on day: Dead/to-
Mice skh (days) tal

7 9 12 14

Thymus-reconstituted nu/nu 0.5 ± 0.1c 1.7 ± 0.6 5.4 ± 2.2 8.9 ± 0.3 13.2 5/5
nu/+ 0.3 ± 0.1 1.0 ± 0.4 2.7 ± 0.7 5.8 ± 1.7 14.1 5/5

P <0.3 <0.4 <0.2 <0.2 <0.579
a A total of 27,000 T. cruzi trypomastigotes were injected intraperitoneally.
b'g1 Mean survival time.
c Million parasites per milliliter of blood.

This faster course of the disease with respect to
that in athymic animals used in previous exper-
iments (with 20,000 T. cruzi), in which mortality
was observed between 13 and 16 days postinfec-
tion, is probably due to the use of a higher
infective dose (27,000 T. cruzi). The difference,
7,000 organisms, represents 14 50% lethal doses
for Swiss mice and probably many more for the
highly susceptible athymic mice. Due to this
early mortality, parasitemias were not measured
in the nu/nu animals.

DISCUSSION
The results demonstrated the thymus-de-

pendent nature of host defense mechanisms
against T. cruzi infection. Thus, athymic ani-
mals were hypersusceptible to this infection, and
their hypersusceptibility was readily corrected,
i.e., brought to normal levels, by neonatal thy-
mus transplants, which led to reconstitution of
thymus-dependent responses. These observa-
tions are consistent with the finding ofRoberson
et al. (22), who noted that treatment with anti-
thymocyte serum to remove T cells exacerbated
T. cruzi infection in mice and that neonatal
thymectomy had similar consequences in rats.
The importance of specific circulating anti-

bodies has been highlighted by a series of exper-
imental findings, including demonstration of
protection against challenge by passive antibody
transfer (3, 6, 9, 17), opsonization of T. cruzi
(27), and sensitivity of the parasite to immune
lysis in vitro (1, 7). More recently, cultured T.
cruzi epimastigotes, which share antigenic de-
terminants with circulating forms of the para-
sites (5, 8), have been reported to be sensitive to
antibody-dependent, cell-mediated cytotoxicity,
probably effected by eosinophils (25). However,
to develop protective humoral immunity in Cha-
gas' disease, T-cell function in terms of helper
activity is likely to be essential. It is premature
to try to infer from the present results specific
functions of T cells in host defense against T.
cruzi. It is also not inconceivable that destruc-
tion of T. cruzi by macrophages, shown to occur
both in vivo and in vitro (4, 10, 32), could be
regulated by soluble T-cell products. Further-

more, the possibility of a direct toxic effect on
T. cruzi caused by lymphocytes and/or other
types of cells remains to be explored.
We should also stress that although these

findings clearly involve the thymus in host de-
fense against T. cruzi they do not rule out its
hypothetical participation in, or control of, T-
cell-dependent reactions which might lead to
production of pathology in Chagas' disease itself
(26).

Interestingly, it is the athymic mice that dis-
play better resistance to infection with Trypa-
nosoma rhodesiense (2), the extracellular para-
site causing sleeping sickness. The opposite be-
havior of the nu/nu mice in the two trypanoso-
mal infections supports the concept that patho-
genicity and host defense mechanisms involved
in experimental T. cruzi and T. rhodesiense
infections are likely to follow dissimilar path-
ways.
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