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Nonhuman primates havc recently be-
come established as useful animal models
for the study of leprosy. Several instances
of spontaneous infection have been ob-
served in chimpanzees (Pau troglod tes)
( 7 .' 2 . 13 ) and sooty mangabey monkeys (Cer-
cocebus ates) ( 10 . 15 ). Recently we have de-
veloped a model of Mycobacterium /eprae
infection using experimentally infected sooty
mangabeys (6 8 ), African green monkeys
(Cercopitltecus aetliiops) ('), and rhesus
monkeys (Macaca nilatta ) (2 27 ). There
species vary in susceptibility and in the dis-
case pattern which is produced by experi-
mental infection, thus providing an oppor-
tunity to study many aspects of the
pathogenesis of leprosy.

Simian immunodeficiency virus (SIV) is
a lentivirus that is genetically, antigenically,
and biologically similar to the human im-
munodeficiency virus (HIV), the etiologic
agent of the acquired immunodeficiency
syndromc (AIDS). SIVs occur naturally in
African green monkeys, sooty mangabeys,
mandrills, and probably other African pri-
mates in which they appear to cause per-
sistent but asymptomatic infections. When
SIV of mangabey origin is inoculated into
macaques, an Asian species, it produces an
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immunodeficiency syndromc that is very
similar in many respects to that produced
by HIV infection in humans (4' 

5. 7
). SIV

infection of macaques is currently the best
available animal model for studying lenti-
virus-induced immunodeficiency.

There is a high incidence of HIV infection
in some geographical arcas in which leprosy
is also endemic, notably central Africa.
AIDS patients have a lowercd resistance to
AI. avium-intrace/lulare and to AI. tuber-
culosis. Some authors have noted an asso-
ciation between HIV and M. /eprae infec-
tion ( 11 14. 18 ), while others have not observed
any association (24,26s. This may be due to
a combination of the slow growth pattern
of M. leprae and the early demise of people
with AIDS.

We have recently reported an increased
susceptibility to AI. lepra(' infection in rhe-
sus monkeys that are also infected with SIV
of mangabey origin. The increased suscep-
tibility was associated with a loss of helper-
T-cell function and occurred despite anti-
body response patterns that are usually
associated with resistance to Al. /eprae in-
fection in rhesus monkeys (8.9 ). We report
here the detailed pathological findings re-
lating to M. leprae infection in three of these
monkeys which have been examined at ne-
cropsy.

MATERIALS AND METHODS
We have inoculated 34 rhesus monkeys

with viable Al. lepraeat various times, using
different doses of inoculum and different
routes of inoculation. The details of the in-
oculation procedure have been reported ( 27 ).
It is likely that some donor tissue and cells
remain in the inoculum. Five of these ani-
mais (8664, B988, B748, B845, A491) were
inoculated with M. /eprae from mangabey
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A022, which was infected with SIV. Rhesus
A491 had been previously inoculated with
material from mangabey A015, which does
not carry SIV, but did not develop any le-
sions until after it was inoculatcd with ma-
terial from A022 ( 9). Animais 8664, B988,
and A491 became infected with both SIV
and A1. leprae and died. The remaining two
animais did not become infected with either
agent. The clinicai, immunological, and se-
rological findings associated with both agents
in there animais have been presented clse-
where ( 9). The general pathologic findings
in 8664 and 13988 have also been briefly
reported, although the lesions due to AI. lep-
rae were not detailed ( 4 ).

Lepromin skin tests (LST) were done as
previously described, and the results read
at 4 weeks (Mitsuda reaction) ( 3 ).

A complete necropsy examination was
performed on the animais that died, with
special emphasis on the skin and peripheral
nerves. Skin sections were taken from the
cars, lips, eyelids, scrotum, and ali extrem-
ities. The right and left axillary, median,
ulnar, sciatic, femoral, and superficial pe-
roncal nerves were sampled. Samples of ali
major tissucs were fixed in 10% neutral buff-
ered Formalin and routinely processed in
paraffin for light microscopy. Sections were
stained with hematoxylin and eosin (H&E),
Masson, and Fite-Faraco acid-fast stains.

RESULTS
Animal 8664. A periorbital B-cell lym-

phoma was recognized in rhesus 8664 15
months after it was inoculated with man-
gabey leproma tissue. At this time, it had
cutaneous masses on the scrotum that con-
tained 9.8 x 10 8 AI. leprae per gram of tis-
sue. The monkey was LST negative. Micro-
scopically, the LST test sues showcd only
slight perivascular cuffing, a few histiocytes,
and numerous acid-fast bacilli (AFB), in-
dicating poor clearance. Animal 8664 was
euthanatized 21 months after inoculation
because of disseminated lymphoma.

At necropsy, there were nodular enlarge-
ments of the margins of both ears, and the
skin around the nose and upper lip was scaly
and nodular. There was a focal ulcerated
nodule 1 cm in diameter on the scrotum.
Lesions not due to AI. leprae consisted of
leukemic infiltrates in numerous organs,
chronic meningitis, chronic myocarditis,

FIG. 1. Section of skin and derma! nerve from rhe-
sus monkey 8664, showing lymphohistiocytic infiltrate
and numerous largo globi (1) (H&E x 250).

glomerulonephritis, and lymphoid follicu-
lar hyperplasia. The lymphoma was of B-cell
origin and was associated with rhesus Ep-
stein Barr like vírus (° ' 0 ). Microscopic le-
sions due to .1/. leprae were documented in
the skin (both ears, nose, left wrist, scro-
tum), peripheral nerve trunks (axillary, ul-
nar, median, femoral, superficial peroneal),
lymph nodes, and nasal mucosa. One his-
tiocyte in the meninges contained AFB. No
AFB were observed in the tiver, spleen, or
bone marrow. Cutancous lesions consisted
of diffuse derma! infiltrares composed of
histiocytes intermixed with a few lympho-
cytes, which sometimes occurred as small
islands. There was a distinct subepidermal
clear zone. Derma! and subcutancous nervos
were similarly infiltrated. There were abun-
dant solidly stained AFB, singly and in
clumps, with large globi (up to 25 microns
in diameter) in many histiocytes (Fig. 1).
The surface of the scrotal lesions was ul-
cerated.

The lesions in the nerves varied from
nerve to nerve and between sections of the
same nerve, being in general more severe in
the distai and more superficial segments.
The least severe change consisted of mild-
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to-moderate perivascular infìltration by
lymphocytes in the perincurium. No AFI3
were demonstrable in these lesions. More
severo lesions consistcd of mild-to-moder-
ate infiltrates of lymphocytes and histio-
cytes within the ncrvc. There were numer-
ous AFB in intraneural histiocytcs, and
occasional AFB in nerve fibers. In addition
to follicular hyperplasia and leukemic in
trates, many peripheral lymph nodes also
contained patchy arcas of histiocytic infil-
tration within the sinusoids. These cens often
contained globi and numerous AFB.

The nasal submucosa was heavily infìl-
trated with lymphocytes and histiocytes
which contained numerous AFB and globi.
Many small mucosa! nerves were heavily
infiltrated with histiocytcs.

Animal B988. Animal B988 was hu-
manely sacrificed 18 months after inocu-
lation because of persistent diarncea and
weight loss that did not respond to trcat-
ment. Lesions not due to AÍ. leprae con-
sistcd of disseminated cytomegalovirus in-
fection, amyloid dcposition in lymph nodes,
and lymphoid atrophy.

No changes due to leprosy were apparent
grossly, but microscopic changes possibly
due to M. leprae were obscrved in the skin,
peripheral nerve trunks, and nasal mucosa.
No AFB were seen in the liver, splcen, pe-
ripheral lymph nodes, or bone marrow. In
many skin scctions (scrotum, lip, forearm,
thigh) there were minimal-to-mild perivas-
cular lymphocytic infiltrates around some
small derma! vessels. No AFB were scen.
In other sections (calf, wrist), similar lesions
contained a few AFB in small derma! nerves,
in mononuclear cells in the perivascular in-
filtrates, and in the dermis just beneath the
epidermis. The skin of the ears, a common
site of involvement in monkeys, was nor-
mal.

The left and right sciatic and left super-
ficial peroneal nerves containcd a few lym-
phocytes and histiocytes within the peri-
neurium and within the nervc, but no AFB
were demonstrated. No inclusion bodies or
AFB were seen. There was a dense lympho-
histiocytic infiltrate in the nasal submucosa.
There were numerous AFB within the in-
filtrate and within dermal nerves and der-
mis in the overlying skin.

Animal A491. Rhesus A491 was inoc-
ulated twice with mangabcy-derived Al. lep-

rae, orce in December 1980 and again in
Fcbruary 1984. The fìrst donor (mangabey
A015) was SIV negative, while the second
donor (mangabcy A022) was SIV positive.
Animal A491 did not develop clinicai le-
sions, except for a few AFB in a nasal smcar
in April 1982, and was strongly LST posi-
tive after the lrst inoculation, but devei-
oped infection with both SIV and AI. Icprae
following the second inoculation. Progres-
sive cutancous leprosy lesions first appeared
in January 1988 ( 9), and the animal was
humancly sacriliced in June 1988.

The monkey had a qucstionably positive
LST reaction in August 1982, although the
dose oflepromin used at that time was prob-
ably insufficient for an accuratc interpreta-
tion ( 3 ). A LST in February 1983 was strong-
ly positive, producing an ulcerated lesion
with focal necrosis, an intense lymphocytic
and macrophage infiltrate with epithelioid
cell change, and giant cell formation (Fig.
2). A LST in June 1984 was similarly pos-
itive. A LST in September 1986 was much
smaller, did not ulcerate, and had a sparse
unorganized infiltrate with little epithelioid
cell change, although there were small foci
of necrosis and rare giant edis (Fig. 3).

At necropsy, the monkey was cachectic,
and the perineal skin was reddened and
slightly thickened. The skin of the elbows
and ankles was thin. The nasal septum was
thickened and hemorrhagic. Peripheral
nerves were grossly normal.

Lesions not due to AI. leprae consistcd of
retroviral mcningoencephalomyelitis and
choroid plexitis, bronchopneumonia due to
Klebsiella pneumoniae, chronic myocardi-
tis, lymphoid atrophy, choiecystitis and
cholangiolitis due to Klebsiella pneumo-
niae, Cryptosporidium, and Trichontonas,
nephrosis, esophagitis, intestinal amyloi-
dosis and cryptosporidiosis, and septicemia
due to Klebsiella. Lesions due to AI. leprae
were seen in the skin, peripheral nerves, pe-
ripheral lymph nodes, and nasal mucosa. In
addition, Kupffer edis contained rare AFB,
although none were observed in the spleen
or bone marrow. Every skin section ex-
amined contained at least minimal inllam-
matory changes, which consistcd of peri-
vascular and perineural infiltrates of
lymphocytes and histiocytes in the dermis.
More severcly affected sections had mild
histiocytic infiltrates around derma] adnex-
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FIG. 2. Positive lepromin skin test (Mitsuda reac-
tion) from rhesus monkey A491 prior to inoculation
with SIV-contaminated material. Note dclayed-type
hypersensitivity granuloma with central necrosis and
an intenso inflammatory infiltrate (H&E x 250).

ac. There was no cpithclioid ccll change, and
only raro giant cells. Some derma' nerves
were hcavily infiltrated with histiocytes and
many werc severely fibrotic with an onion-
skin appearance to the perincurium and in-
traneural fibrosis (Fig. 4). Numerous AFB
werc found in histiocytes, nerves, smooth
muscle cens, and endothclial cens of the skin
of the nose; whereas in other sections no or
only a fcw or very few AFB were found in
the nerves and infiltrate. In some arcas AFB
were beaded or fragmented, while in others
they werc solidly staincd.

All nerve trunks examined contained
mild-to-severe Iymphohistiocytic infiltrates
within the ncrvc. Many had a markedly
thickened perincurium and some contained
increased fibrous connectivc tissue within
the nerve trunk. Many histiocytcs contained
largo globi. There were numcrous AFB
within histiocytes and nerve fibers in most
sections. Most AFB werc beaded or frag-
mented, although a few were solidly staincd.

Ali lymph nodes had sevcrc follicular
atrophy and were depleted of lymphocytes.
Peripheral nodes often had heavy histio-

FIG. 3. Negative lepromin skin test (Mitsuda re-
action) from rhesus monkey A491 following inadver-
tent infection with SIV. Note sparse perivascular his-
tiocytic infiltrate (H&E x 250).

FIG. 4. Dermal nerve from rhesus monkey A491
52 months aftcr SIV infection. Note onion-skin ap-
pearance ofperineurium and intrancural fibrosis (Mas-
son x250).
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cytic infiltrates in the sinusoids. These edis
contained moderate numbers of AFB.

The nasal cpithelium was ulcerated and
the mucosa diffusely infiltrated with histio-
cytes, many of which contained globi.

DISCUSSION
As we reported previously, SIV-induced

immunosuppression may render rhesus
monkeys more susceptible to A1. leprae in-
fection ("), probably due to a defect in help-
er-T-cell activity. SIV infection specifically
depletes the subset of T edis that is doubly
stained by monoclonal antibodies to OKT4
and 4B4. This ccll population contains help-
er-inducer and memory-T-cell activities
( 16 ' 23 ). The lymphoma in monkey 8664 was
associated with rhEBV ( 20). In AIDS pa-
ticnls, EI3V-related lymphoma is common
and is thought to result from loss of T-cell
control of EBV-induced B-cell proliferation
('`'). It is apparent that the defect that allows
EBV and M. leprae to proliferate is present
in animais that have lymphoid hyperplasia
(8664), as well as lymphoid atrophy and
depletion (B988, A491). The defect did not
allow M. leprae to disseminate to unusual
sites in interna! organs, probably duc to the
preference of A1. leprae for cooler temper-
atures. We and others have observcd M.
anum-iniracellulare (MAI) infections in
SIV-infected monkeys and these infections
are common in HIV-infected humans, as
are M. tuberculosis infections. This further
suggests that whatever immune functions
are destroyed by primate lentiviruses, they
include those that normally prevent the pro-
liferation of mycobacteria.

Both HIV and SIV induce a rash in their
respective hosts that is characterized by eu-
taneous mononuclear inflammatory cell in-
filtrates and damage to Langerhans' cens,
either by direct infection or by an imrriune-
mediated mechanism ( 22 ' 25 ). Since Langer-
hans' cens are important antigen-processing
cens in the skin, it is possible that lentivirus
infection of these cens might further inhibit
an infected individual's ability to control M.
leprae.

The three monkeys described here dif-
fered in the severity of lesions due to AI.
leprae. The nasal mucosa and overlying na-
sal skin were severely affected and con-
tained numerous AFB in ali three animais,
suggesting that this might be the most sus-

ceptible site for M. leprae replication. In
B988, only subtle inflammatory changes and
occasional AFB were observed at other der-
ma! sites and in nerves. In contrast, monkey
A491 had, in addition to nasal lesions, le-
sions in nerves that appeared more chronic
and more severe than those in the dermis.
This suggests that Al. leprae had been pres-
ent in nerves for a long time and had only
recently begun to spread to the dermis. The
extensive neural librosis in A491 is com-
patible with borderline diseasc, and suggests
that A491 did have some immunity to Al.
leprae during the course ofits infection. This
apparently downgraded, presumably due to
SIV infection, and allowcd the lepromatous
pattern to deveio') in the dermis. This is
further supported by the declining LST
reactivity in this animal. Monkey 8664 had
particularly large globi, indicating very little
resistance to Al. leprae.

The lesions due to SIV in those monkeys
were typical of those induced by SIV in oth-
er rhesus monkeys. Al. leprae infection did
not alter the course of SIV infection in any
obvious way. This does not rule out the
possibility that AI. leprae might act as a co-
factor in the induction ofimmunodeficiency
in lentivirus-infected primates, since the
whole subject of cofactors is poorly under-
stood.

Although leprosy has not so far increased
dramatically in populations in which both
M. leprae and HIV are endemic, our studies
in SIV- and M. leprae-infected rhesus mon-
keys suggest that such an increase should be
expected. The increased susceptibility of
SIV-infected monkeys to M. leprae may be
more rcadily apparent because of the short-
er time course of both diseases in monkeys,
and due to the large dose of;il. leprae given
to experimentally infected monkeys. We be-
lieve that an increased incidence of leprosy,
particularly of the lepromatous type, will
eventually occur in human populations
where both HIV and AI. leprae are endemic.

SUMMARY
Three rhesus monkeys were experimen-

tally inoculatcd with sooty-mangabey-de-
rived AÍi'cobacteriunz leprae and were in-
advertently infected with the simian
immunodeficiency virus (SIV) as weil. They
died ofan immunodeficiency syndrome, and
at autopsy ali had lesions caused by AI. lep-
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rae. One monkey was inoculated twice with
M. leprae, initially with an inoculum from
a sooty mangabey that was not infected with
SIV and, subsequently, with an inoculum
from a mangabey that was SIV infected. The
monkey did not develop clinicai lesions and
became strongly lepromin skin test (LST)
positive after the first inoculation, but be-
carne infected with both agents and LST
negative following the second inoculation.
These observations suggest that SIV-infect-
ed rhesus monkeys havc an increased sus-
ceptibility to AI. leprae infcction and, by
analogy, imply that HIV-infected human
beings may have an increased susceptibility
as well.

RESUMEN
Se inocularon 3 monos rhesus con A1t'cobacteritt n t

leprae obtenidos de un mono mangabey pardo y se
infectaron inadvertidamente también con el virus de
la inmunodeficiencia de los simios (SIV). Todos los
monos murieron de un síndrome de inmunodelìciencia
y en la autopsia todos tuvieron lesiones causadas por
cl .11. leprae. Un mono se inoculó 2 veces con .11. leprae;
inicialmente con un inóculo derivado de un mono
mangabey que no estaba infectado con SIV y subsc-
cuentemente con un inóculo de un mono mangabcy
que si lo estaba. El mono no desarrolló lesiones clínicas
y resultó lepromino-positivo después de la primor ino-
culación pero se infectó con ambos agentes y se tornó
lepromino-negativo después dela segunda inoculación.
Estas observaciones sugieren que los monos rhesus in-
fectados con el S1V tienen una susceptibilidad incre-
mentada a la infección con .11. leprae y (por analogia)
que los humanos infectados con el HIV también po-
drían tenor una susccptibilidad incrementada.

RÉSUMÉ
Trois chimpanzés ont été inoculés expérimentale-

ment par des bacilles de la lépre obtenus à partir de
singes mangabey; ces primates ont été également in-
fectés par erreur avec une souche du vírus du syndrome
d'immuno-déficience simienne (VIS). Ces animaux ont
développé un syndrome fatal d'immuno-déficience;
]'autopsie a montré que toutes les lésions étaient cau-
sées par Aftrobacteriunt leprae. Un des ces chimpanzés
a été inoculé par deux fois avec 3f. leprae, tout d'abord
avec un inoculat provenant d'un singc mangabey non
infecté par SIV, et ensuite, par un inoculat provenant
d'un singe mangabey qui était lui infecte par VIS. Ce
chimpanzé n'a développé aucune lésion clinique; iI est
dcvenu fortement réactif a I'épreuve cutanée par la
lépromine à Ia suíte de la premiére inoculation, mais
cette réaction est devenue négative à la suíte de la
seconde inoculation, lorsqu'il s'est vu infccté par les
deux agents pathogènes. Ces observations suggérent

que les chimpanzés infectés par le VIS voient leur sus-
ceptibilité à l'infection par M. leprae accrue, ce qui par
analogie implique que les humains infectés par VIH
pourraient également témoigner d'une susceptibilité
accrue.
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