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Cellular Immune Responses of Healthy and Mycobacterium
leprae-Inoculated Armadillos (Dasypus novemcinctus)

To THE EDITOR:

The nine-banded armadillo (Dasypus
novemcinctus) is one of the best experimen-
tal models for the study of leprosy, mainly
because upon inoculation with live My-
cobacterium leprae a disease similar to hu-
man lepromatous leprosy (LL) develops (°).
Not all M. leprae-inoculated armadillos de-
velop a systemic infection, up to 93% (%)
and 60% () have been reported. Moreover,
in most of the cases, after the experimental
inoculation, an average of 1.5 to 3 years are
needed before the presence of acid-fast
bacilli (AFB) in lepromas, liver and spleen
is observed (* and Quesada-Pascual, ef al.,
unpublished observations). On the other
hand, it has previously been demonstrated
that protection against the disease in hu-
mans depends upon the development of an
appropriate cellular immune response to the
bacillus (*). Therefore, in this study we ana-
lyzed the status of the cellular response in
healthy and M. leprae-infected armadillos
in order to correlate this immune response
with the development of generalized infec-
tion in these animals. Lymphocytes from
peripheral blood were stimulated in vitro
with the polyclonal activator concanavalin
A (ConA) and with soluble extracts from
M. leprae (MLSE), M. habana (MHSE)
and M. tuberculosis (MTSE) (prepared as
described in %).

Isolated peripheral blood mononuclear
cells (PBMC) from 8 M. leprae-inoculated
and 12 noninoculated armadillos were
tested in a proliferation assay with MLSE,
MHSE and MTSE as previously described
(). The results are shown in The Figure.
None (0/12) of the armadillos in the non-
inoculated group showed any proliferation
with MLSE, 4 (4/12) showed a mitogenic
index higher than 3 with MHSE, and only |
(1/11) was positive to MTSE. On the other
hand, in the M. leprae-inoculated group,
PBMC from 2 armadillos (2/8) showed a
stimulation index higher than 3 when stim-
ulated with MLSE; PBMC from 3 inocu-
lated armadillos (3/6) were positive when
tested with MHSE, but none (0/6) showed
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Tue: FiGure.  Proliferation of armadillo peripheral
blood lymphocytes induced by soluble antigens from
M. leprae, M. habana and M. tuberculosis or con-
canavalin A (ConA). Lymphocytes from noninocu-
lated armadillos (') and M. leprae-inoculated armadil-
los (®) were placed into 96-well, round-bottom plates
at 4 x 10° cells/well. Soluble antigens from M. leprae
(MLSE), M. habana (MHSE) and M. wberculosis
(MTSE) at 25 pg/ml or ConA at 12.5 pg/ml were
added to each well in a total volume of 200 pl. Control
wells contained culture medium alone. Cultures were
set up in triplicate and incubated for 3, 4, 5 and 6 days
for ConA, MHSE, MTSE and MLSE, respectively, at
37°C in a fully humidified atmosphere containing 5%
CO.. Proliferation was evaluated by ‘H-thymidine in-
corporation using 0.5 uCi/well during the last 12 hr of
culture. The cells were then harvested onto glass-fiber
filters with a semi-automatic sample harvester. ‘H-
thymidine incorporation was assessed by liquid scintil-
lation spectroscopy. The results are expressed as a
stimulation index (SI) which is a ratio of the responses
to MLSE, MHSE, MTSE and ConA to the control cul-
tures. which contain neither antigen nor ConA. An in-
dex equal to or higher than 3 was taken as a positive
response. Each point represents a single armadillo;
numbers in parentheses are armadillos tested in each
group; * = p <0.05.

any proliferation with MTSE. There were
statistically significant differences between
the responses with MLSE (p <0.05) and
ConA (p <0.05) for both the control nonin-
fected group and the M. leprae-inoculated
armadillos as analyzed by the Student’s ¢
test. There were no significant differences
between the responses with MHSE and
MTSE (p >0.05). Additionally, the infec-
tion was followed in all animals by macro-
scopic examination and by microscopic
observation of Ziehl-Neelsen-stained smears
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for the presence of AFB as previously de-
scribed (). During the time of the study,
only 3 armadillos showed abundant lepro-
mas and were positive for AFB in liver and
spleen imprints taken during autopsy. On
the other hand, none of the other animals
developed clear signs of infection, although
some of them had small nodules that were
all negative for AFB.

Our results showed that lymphocytes
from most of the infected armadillos were
unable to respond to soluble extracts of M.
leprae, even though they had been exposed
to the antigen while being inoculated. The
absence of a lymphoproliferative response
to MLSE in healthy animals may be ex-
plained by the fact that these armadillos
were naive to these antigens. However, in

our study lymphocytes from only 25% of

the M. leprae-inoculated armadillos re-

sponded to M. leprae antigens. This lack of

activity may correlate with the susceptibil-
ity of these animals to develop leproma-
tous-like leprosy, but our results do not
correlate with the high percentage of ar-
madillos developing systemic infection (7).
More studies are needed to clarify this
point.

Although crossreactivity between myco-
bacteria has been shown ('*'"), there was no
significant difference between the control
group and the M. leprae-inoculated group
in the responses with MHSE and MTSE.
However, 4/12 of the noninoculated ar-
madillos were positive to M. habana. This
can be explained by the presence of cross-
reactive epitopes in mycobacteria which are
present in the environment and have been in
contact with the armadillos before their
capture. Moreover, in our data no response
is seen with MTSE for both M. leprae-inoc-
ulated animals and noninoculated animals.
Similarly, in a study of eight-banded, non-
inoculated armadillos (Dasvpus sabani-
cola) the responses of cell-mediated immu-
nity to M. tuberculosis were very discrete;
whereas delayed-type hypersensitivity and
in vitro lymphoproliferation were usually
negative in armadillos inoculated with M.
leprae ('°).

In our study, there was a significant dif-
ference in the responses between the non-
inoculated group and the M. leprae-inocu-
lated group to ConA. In 4/6 of the inocu-
lated animals the response to this mitogen
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was diminished, depending on the time of
the infection. These analyses were carried
out over the period of a year at different
post-inoculation times; therefore the study
of a larger group of animals is needed in or-
der to deduce the role of the infection in
nonspecific anergy. Nonspecific anergy has
also been reported in mangabey monkeys
with disseminated leprosy (7) and in LL
patients (').

The study of the immune response of the
armadillo is one of our major interests. This
is mainly because the susceptibility of these
animals to M. leprae could explain the de-
velopment of systemic infection. In this
work we did not find a complete correlation
between proliferation and development of
infection. However, recent work extends
our observation with the use of lectins as
possible markers of lymphocyte subpopula-
tions in these animals (Santos-Argumedo,
et al., in preparation). The analysis of cy-
tokines is also another field where we have
some preliminary results. These results sug-
gest the role of some of these molecules in
the activation of armadillo lymphocytes
(Guerra-Infante, et al., in preparation).
From these studies we hope to obtain a
greater understanding of the development
of lepromatous leprosy in humans.
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