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Summary Seven of eight rhesus monkeys (RM) coinfected with simian immuno
deficiency virus (SIV) and Mycobacterium leprae harboured acid-fast bacilli (AFB) 
at sites of dermal inoculation and/or at disseminated sites at times of humane sacrifice 
(up to 270 days post-M. leprae inoculation) due to SIV-induced debilitation or, in one 
long term survivor' s  case, to date over 3 years post-M. leprae inoculation. Detectable 
AFB were cleared in biopsies of inoculation sites of RM inoculated with M. leprae 

alone after 63 days postinoculation; these sites have, so far, remained AFB-negative, 
thereafter. 

Compared to animals infected with M. leprae alone, RM coinfected with SIV plus 
M. leprae showed: 1 ,  completely suppressed serum antibody responses to M. leprae

specific PGL-I antigen, but strong anti-SIV Gp 1 20 antibody responses; 2, impaired 
sensitization of blood mononuclear cells (MNC) to in vitro recognition of M. leprae

specific antigens in blastogenic stimulation assays; 3, impaired in vitro responses of 
blood MNC to nonspecific (ConA) blastogenic stimuli ;  and 4, early post-M. leprae 

inoculation, there was a significant incremental diminution of percentages of blood 
CD4+CD29+ T -cells in addition to the existing SIV -induced diminished percentages 
of CD4+CD29+ T-cells .  

The results indicate that humoral and cellular immune responses to M. leprae 

antigens are compromised in M. leprae-inoculated RM previously infected with SIV. 
These results provide an immunologic basis for the demonstration of enhanced 
M. leprae persistence or leprosy susceptibility in SIV -M. leprae coinfected RM . 
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Introduction 
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It is well established that human immunodeficiency virus (HIV)-positive patients are 
rendered more susceptible than virus-negative persons to secondary infections with 
Mycobacterium tuberculosisl -3 and other opportunistic infectious agents. SIV is very similar 
to HIV-2 and causes AIDS in RM with fatal symptoms and sequelae essentially identical to 
AIDS in humans, e.g.  lymphadenopathy, diarrhoea, destruction of CD4+ T-cells, a decreased 
blood MNC CD4:CD8 ratio, and increased susceptibility to lymphomas and opportunistic 
infections.4-8 

We reported that RM infected with both SIV and M. leprae are more susceptible to 
clinical leprosy than RM infected with M. leprae alone.4,5 This observation led us to predict 
an increase in the incidence of leprosy worldwide, secondary to the AIDS pandemic.4 This 
prediction has not been consistently confirmed to date, however, for unknown reasons.9- 14  

Data from one field study was consistent with our observation of an increased risk of leprosy 
in HIV -positive individuals, finding a 4'6-odds ratio in increased multibacillary (MB) leprosy 
risk (and 8 ·3  for tuberculosis risk) among HIV-positive patients in Tanzania.9 Other reports 
failed to find a significant association in the aggregate populations studied, I O- 14 but two of 
these studies found a significantly increased leprosy relapse rate among HIV -positive African 
leprosy patients after completion of antileprosy chemotherapy. I O, 14  Another study showed 
diminished blastogenic- and skin test responses to M. leprae antigens among HIV-positive 
tuberculoid leprosy patients, consistent with the possibility of increased leprosy risk. 1 2  

The controversial nature of  the reported studies suggests that subtle, undetected factors 
could be disguising the true relationship between AIDS and leprosy in the reported 
epidemiological studies. Our observations are based on direct disease signs and immunologic 
determinations in a controlled experimental model system,4,5 whereas observations in 
humans are correlative, based on the presence or absence of antibody to HIV in identifiable 
leprosy patients.9- 14  In the present study, we have utilized this model to further study the 
possibility of clinical and immunologic interactions between SIV and M. leprae. The results 
are consistent with increased M. leprae persistence and probable enhanced leprosy suscept
ibility due to impaired immune responses to M. leprae in SIV -coinfected RM compared to 
those infected with M. leprae alone. 

Methods 

A N I M A L S  

Rhesus monkeys (Macaca mulatta), 3 -4 years old, were born and reared at  the Tulane 
Regional Primate Research Center. Eight RM which had been inoculated with SIV 8- 1 0  
months previously and four normal control RM were inoculated with M. leprae. At the time 
of M. leprae inoculation, 3 of the 8 SIV-inoculated RM were showing acute AIDS symptoms 
(L1 56, 13 1 4, and 15 1 0, Table 1 ) ;  the remaining 5 RM were negative for AIDS symptoms.  All 
RM were clinically and immunologically followed longitudinally after M. leprae inoculation.  

I N O C U L A  TIO N S  

An armadillo previously inoculated with M. leprae taken from a sooty mangabey money 
(SMM) developed progressive, disseminated lepromatous leprosy and was humanely killed. 
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Table 1 .  Clinical results of SIV 1M. leprae coinfected RM 

Coinfected Histopath Days SAIDS 
RM* DXt PH Status§ 

L156  PB 1 6  + 
M368 MB 49 + 
17 1 7  PB 1 9  + 
13 1 4  MB' 270 + 
15 1 0  MB' 1 60 **  
1877 1 1 8 + 
1703 PB 1 19 + 
1798 MB' 1 46 + 

* Coinfected RM received SIV 8 - 1 0  months prior to 
M. leprae. 

t Histopath DX = histopathological diagnosis (PB, 
paucibacillary; MB, multibacillary) at necropsy (except 
for 1798, which remains alive). 

:t: Days PI, number of days after M. leprae-inoculation 
that the animal was euthanized (except for 1798-which 
first was observed to have AFB-positive nasal secretions 
and inoculation site biopsies on day 1 46 and continues 
nasal-positive on day 1 137). 

§ AIDS status at time of necropsy (except 1798 which 
developed AIDS symptoms approximately 3 years post
M. leprae inoculation and is alive) . 

'II RM 13 14,  15 1 0  and 1798 had nasal secretions 
strongly positive for acid-fast bacilli (AFB), indicating 
systemic dissemination of leprosy. 

** 15 1 0  was euthanized on day 1 60 PI due to 
complications secondary to an unrelated condition; 
15 1 0  had AFB at dermal sites of inoculation with MB 
histopathology and had AFB-positive nasal secretions, 
but was had no evidence of AIDS at necropsy. 

M. leprae was harvested from its spleen. All armadillo procedures, including inoculation, 
husbandry and organ harvests were performed by Dr Richard B Truman at the Research 
Branch, National Hansen' s Disease Center, Baton Rouge, LA, USA. Contaminating SIV 
from SMM does not cause detectable AIDS symptoms in and does not survive passage 
through armadillos (Gormus,  BJ, Murphey-Corb, M. ,  unpublished observations). The spleen 
was obtained aseptically, minced and homogenized in cold phosphate buffered saline using a 
Dounce homogenizer with a 40 Ml mortar and Teflon pestle (Wheaton Scientific, Millville , 
NJ, USA), passed through gauze and centrifuged at 200 x G for 5 min at 4°C. The AFB in the 
supernatant were counted and morphologic indices (MI) determined by the method of 
Shepard & McCrae. 1 5  RM were inoculated with M. leprae suspensions by combined 
intradermal (lD) and intravenous (IV) routes using 2 ID sites per ear, the tip of the nose, 
lateral forearms and lateral calves .  IV inoculations were made via the saphenous vein. The 
inoculum contained 2·24 x 1 08 AFBIMI with an MI of 7%.  A total of 1 ·5 MI (3 -4 x 1 08 AFB) 
was inoculated by the ID route and 2·0 MI (4 ' 5 x 1 08 AFB) by the IV route, for a total of 
7 ·8  x 1 08 (5 '5  X 1 07 solidly staining) AFBIRM. 

SIVDelta B670 at the standard (5 x 1 0-3 ) dilution was thawed and inoculated IV via the 
saphenous vein, as previously reported.4, 1 6 
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Animals were observed twice daily and examined in detail monthly or more frequently, 
depending on the status of the animal . Clinical aspects of AIDS and leprosy were recorded at 
each time of observation. The Ridley-Jopling system was used to classify leprosy histo
pathologically, 17 with the exception that classification at the paucibacillary (PB) end of the 
spectrum differs slightly in RM from humans, as previously noted (Gormus BJ, et ai, 
submitted for publication). For purposes of this report, however, leprosy will be described as 
multibacillary (MB) or PB . MB will include borderline to lepromatous forms on the Ridley
Jopling spectrum; 1 7 PB includes tuberculoid to borderline tuberculoid forms. AIDS was 
diagnosed as previously described.5-8 

E L I S A  

The assays were performed as  previously reported.4, 16, 1 8  Baseline sera were obtained prior to 
M. leprae or SIV inoculations and at intervals after inoculations and were stored frozen for 
later ELISA evaluations of M. leprae-specific anti-PGL-I IgG and IgM4, 1 8  and for SIV anti
Gp 1 20 antibodies .4, 16 Natural ML PGL-I was used as antigen (Ag) . PGL-I was provided by 
Dr Patrick J.  Brennan, Colorado State University School of Veterinary Medicine, Fort 
Collins, CO, USA under NIH contract # 1 -AI-52582. Anti-PGL-I results are presented for 
individual monkeys as OD49o vs time . Anti-Gp 1 20 was assessed by examining serial 2-fold 
dilutions from 1 :50 to 1 :25 ,600, together with known standard positive and negative sera, as 
previously reported.4, 1 6 Individual RM results from the first four dilutions ( 1 :50- 1 :400) of 
anti-Gp l 20 antibody ELISA' s  are presented as ODs9o vs time. Gp 1 20 antigen for ELISA was 
a recombinant product provided by Dr Ronald Montelero, Department of Microbiology, 
University of Pittsburgh School of Medicine, USA. 

B L A S T O G E N E S I S  

Heparinized blood was used to prepare buffy coats which were centrifuged on Ficolll 
Hypaque, washed and suspended in RPMI- I 640 containing 20% heat-inactivated human AB 
serum (HuABS),  glutamine and penicillin/streptomycin. The mononuclear cell (MNC) 
fraction was used at 2 x 1 06IMI for in vitro blastogenesis studies with or without 1 00 JLglMl 
of ML sonicate antigen (MLS) or 1 or 10 JLglMl of Concanavalin A (ConA) . U-bottom 96-
well micro titer plates were used. Two x 1 05 MNC per well were incubated at 37°C in 5% CO2 
in triplicate for 5 days with stimulant or media prior to pulsing for 1 8  hr with 1 JLci of 3H_ 
thymidine/well. Thereafter, cells were washed and harvested on a cell-harvester and 
quantified by scintillation counting. Results are presented as means +/- one standard 
deviation (SD) of replicate absolute cpm. 

P E R I P H E R A L  B L O O D  LY M P H O C Y T E  (PB L) S U B S E T S  

Whole EDT A blood was obtained longitudinally, stained with mouse anti-human monoclonal 
antibodies and examined by flow cytometry, as previously reported. 19,20 Monoclonal 
antibodies with the following specificities were used: CD4, CD8, CD2, CD20 and CD29. 
CD2 and CD20 subsets were chosen to quantify the total T- and B-cells ,  respectively; CD4 
and CD8 were examined to determine the T-helper and T-suppressor percentages, 
respectively, since these cells are known to be involved in responses to M. leprae antigens;  
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and the CD4+CD29+ subset was monitored because this group contains the T-helper inducer 
and T-memory cells and is known to be progressively diminished in RM with advancing 
AIDS. 19 Results are presented as the group mean % of total PBL at different time points + or 
- 1  standard error of the mean (SEM) vs time. 

S I V  A N T I G E N E M I A  A S S AY 

SIV antigenemia was detected using a commercially available enzyme-linked immunoassay 
kit specific for the p26 antigen of SIV (Coulter Immunology, Hialeah, FL), as previously 
reported.2

o 
The cut-off point for antigenemia was an OD value <0·03 . Data from individual 

RM are plotted as NglMl of blood calculated from a standard curve. 

S T A T I S T I C A L  A N A LY S E S  

A statistical package for Macintosh computer was utilized for data analysis. Mancova was 
used where possible to compare longitudinally-determined lymphocyte subset percentage 
changes with time after M. Zeprae inoculation in RM groups infected with M. Zeprae alone or 
together with SIV. Mancova was made difficult for longitudinal comparisons over an 
extended period, however, due to the deaths of some RM at various time points, resulting 
in the complete elimination by the statistic of all prior time points for that animal (i .e. total 
loss of one value of N at all time points) for each death that occurred prior to the end of the 
study. Therefore, the unpaired Student' s t-test was additionally used for PBL subset data 
analysis to statistically compared group averages .  The t-test was also used for analysis of 
blastogenic data. 

Results 

C L I N I C A L  

Seven of the 8 SIV IML coinfected group were euthanized due to AIDS or, in the case of 
animal 15 1 0  due to unrelated causes, within 270 days postinoculation (PI) with ML (Table 1 ) .  
Six o f  the 7 euthanized AIDS-positive R M  (L 1 56, M368, 17 17 ,  13 1 4, 15 1 0  and 1703) had 
AFB-positive lesions at necropsy, consistent with leprosy or M. Zeprae persistence at dermal 
inoculation sites. The 7th euthanized, AIDS-positive RM (1877) had MNC infiltration and 
nerve involvement at inoculation sites but no readily identifiable AFB were seen. The 8th RM 
in the coinfected group (1798) developed persistent AFB-positive nasal secretions by 146 
days post-M. leprae inoculation, indicative of leprosy dissemination. 1798 remains alive with 
strongly AFB-positive nasal secretions and chronic AIDS more than 3 years PI (Table 1 ) .  At 
necropsy, two of the euthanized coinfected RM (13 14  and 15 1 0) had AFB-positive 
inoculation sites as well as AFB-positive nasal secretions ,  indicative of disseminated leprosy 
(Table 1 ) .  Thus,  7 of the 8 coinfected RM had signs of possible leprosy or AFB persistence at 
inoculation sites, 3 of the 8 having disseminated leprosy, within 270 days PI. Among the 4 
control RM which received only M. Zeprae, 2 (J446 and M36 1 )  had identifiable AFB (PB 
histopathology) at dermal inoculation sites at 27 and 63 days PI; the other 2 RM (J675 and 
J265) had PB histopathology at day 27 PI. The lesions regressed after day 27 in J675 and J265 
and after 63 days in J446 and M36 1 ;  there has been no further evidence of M. Zeprae 
persistence in any of the 4 control RM to date 1 1 37 days PI. 
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Figure 1 .  Longitudinal serum IgG and IgM anti·PGL· I responses in 8 SIV-M. leprae coinfected RM ((a) & (b)) and 4 
M. leprae-infected control RM (c). The mean +/- one standard error of the mean (SEM) of seven of the coinfected 
RM are shown in (a) ; the data for coinfected, long-term survivor RM, 1798, is plotted separately (b) from the 
remaining 7 coinfected RM to emphasize its similarity to the 4 M. leprae-only infected controls (c). The X-axis is in 
reference to the time of M. leprae inoculation. The earliest time point is post ·SIY inoculation. Time 0 represents the 
day of M. leprae inoculation. 
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A N TIB ODY R E S P O N S E S  TO M. LEPRA E - S PE CIFIC P G L - I  A N TI G E N  

With the exception of J798,  over a period of observation spanning approximately 1 year post
M. leprae inoculation, none of the 8 SIVIM. leprae coinfected group produced any significant 
serum IgG or IgM antibody response to the ML-specific PGL-I cell-wall antigen (Figures l (a) 
and (b)) .  J798,  a long term survivor, and all 4 M. leprae-only inoculated (control) RM 
produced significant amounts of anti-PGL-I antibody, the IgG isotype predominating along 
with lesser, usually significant, quantities of the IgM isotype (Figure l (b) and (c)). IgG 
antibody peaked approximately between 1 00 and 1 50 days post-M. leprae inoculation. 

SIV A N TI G E N E MIA A N D  A N TI B O DY R E S P O N S E S  T O  S I V  G P 1 2 0  E N V E L O P E  A N TI G E N  

Over a period including pre-SIV inoculation (-232 to -300 days relative to M. leprae 
inoculation),  8 - 1 0  months post-SIV/pre-M. leprae inoculation and up to death or 235 days 
post-M. leprae inoculation, anti-Gp l 20 responses were significant in all SIV-inoculated RM 
after the appearance of SIV antigenemia (Figure 2(a)) . Only the I :50 dilution-data are shown. 
These antibody responses were maintained until death or, in 13 14  and J798,  up to 235 days 
post-M. leprae inoculation, the last time point studied. The first detectable antigenemia peak 
appeared within approximately 2 weeks post-SIV inoculation, but disappeared thereafter, in 
all 8 SIV infected RM (Figure 2(a)) .  After M. leprae inoculatiion, SIV antigenemia was again 
detectable in RM L 1 56, 1877 (minimal, but above the cut-off point) and J703 (Figure 2(a), see 
asterisks).  There was, of course, no SlY antigenemia or anti-Gp l 20 response in control sera 
from M. leprae-only inoculated animals (Figure 2(b)) .  

B L A S T O G E N E SIS 

There was a statistically significant decrease in ConA responses (p = ·00 1 5 ,  t-test) in the 
SIV/M. leprae coinfected group, compared to a significant increase (p = 0'0 1 )  in ConA 
responses in the M. leprae-only inoculated group pre- vs 15 weeks post-M. leprae inoculation 
(Figure 3) .  There were no statistically significant responses to MLS in the ISV/M. leprae 
coinfected group before or 1 5  weeks after M. leprae inoculation except for the long-term 
survivor, J798, which gave a significant response to MLS 15 weeks post-M. leprae inocula
tion (Figure 3) .  MLS responses increased significantly (p = 0·02) in the M. leprae-only 
infected control group 15 weeks PI compared to preinoculation responses (Figure 3) .  

LYM P H O CY T E  S U B S E T S  

Within the first 300 days post-M. leprae inoculation, the following statistically significant 
changes were observed in the lymphocyte subsets examined: 1 ,  an increase in the % CD2+ 
subset at 13 and 26 days (p = 0·009 & p = 0·04, respectively, t-test) post-M. leprae 
inoculation in the M. leprae-only inoculated (control) group (Figure 4(a)) ;  2, a decrease 
in % CD4+ T-cells in the coinfected group compared to an increase in CD4+ cells in the 
M. leprae-only inoculated group during the first 1 09 days post-M. leprae inoculation time 
period (p = 0·007, Mancova) (Figure 4(b)) ;  and 3, there was a significant incremental 
decrease in the already depleted CD29+ subset of CD4+ T cells during the 62 days post
M. leprae inoculation period in the SIV/M. leprae coinfected group, compared to the 
M. leprae-only inoculated group over the same time period (p = 0·0496, Mancova) (Figure 
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Figure 4_ Longitudinal PBL subset analysis (mean +/- I SEM) by flow cytometry of CD2+ (a), CD4+ (b), CD4+ 
CD29+ (c) and CD8+ (d) T-ce\l subsets in 8 SIV-M. leprae coinfected RM and in 4 M. leprae-infected control RM. 
The X-axis is in reference to the time of M. leprae inoculation; the Y-axis represents the % of total PBL; the earliest 
time point (approximately -300 days) is pre-SIV; and time 0 represents the day of M. leprae inoculation. 

4(c» . There was no change in the % CD8+ subset in the SIVIM. leprae coinfected vs an 
increase in this subset in the M. leprae-only inoculated group during the 62 days post
M. leprae inoculation period (Figure 4(d» ; this difference was not significant. There was a 
transient increase in CD20+ B-cells in the SIVIM. leprae coinfected group and a decrease of 
longer duration in CD20+ B-cells in the M. leprae-only inoculated group early after 
M. leprae inoculation, but this difference was also not statistically significant. 

Discussion 

The clinical results are consistent with our previous suggestions derived from experimental 
studies in RM that SIVIML coinfection enhances the susceptibility of RM to leprosy.4 Seven 
of 8 SIVIM. leprae coinfected RM developed signs of leprosy or M. leprae persistence that 
were sustained until necropsy or, in one surviving case, to date 37 months post-M. leprae 
inoculation. Control RM , inoculated with M. leprae only cleared APB from dermal M. leprae 
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inoculation sites by 27 or 63 days PI and have remained AFB-negative to date, 1 1 37 days 
after M. leprae inoculation. 

We have previously observed that the appearance of M. leprae in nasal secretions is an 
early indication of systemic dissemination of clinical leprosy in experimentally inoculated 
monkeys. 1 8  Three of the 8 coinfected animals studied herein developed strongly AFB
positive nasal secretions .  Thus, the clinical data show an increased susceptibility towards 
persistence of M. leprae at dermal sites and an increased tendency to disseminate 
systemically in SIV coinfected compared to M. leprae-only infected animals.  

Only one (15 1 0) of the 8 coinfected RM failed to develop clinical AIDS, but it was 
prematurely sacrificed due to an unrelated medical condition 1 60 days post-M. leprae 
inoculation. This animal had MB leprosy at an inoculation site and AFB-positive nasal 
secretions at necropsy. Six of the 7 AIDS-positive RM were necropsied due to terminal AIDS 
within 270 days post-M. leprae inoculation. 

The 7th AIDS-positive animal , the long-term survivor, remains alive with disseminated 
MB leprosy. The long term survivor has strongly AFB-positive nasal secretions first observed 
by 1 60 days PI, but has continued to show AFB-negative dermal biopsies . This RM displayed 
essentially normal immune responsiveness.  The exact reason for it' s uniqueness among the 8 
coinfected RM is not known with certainty, but approximately 25% or RM experimentally 
infected with SIVB670 fall into this AIDS-slow progression category (M. Murphey-Corb, 
unpublished observations). To our knowledge, this RM had never been previously exposed to 
M. leprae. It is important to note that this latter RM, #1798, and 2 other animals with AFB
positive nasal secretions (13 1 4  and 1510) presumably shed large numbers of M. leprae into the 
environment as a result of the copious AFB-Iaden nasal exudates, although these 3 RM 
showed only minimal visible leprosy signs. The only evidence of leprosy in these 3 RM was 
the identification of AFB in nasal secretions and/or evidence seen in biopsies routinely taken 
from M. leprae inoculated monkeys. 1798 has had an AFB-positive nasal status for 
approximately 3 years, but began to show symptoms of chronic AIDS 1 1 37 days post
M. leprae inoculation and approximately 1 350 days post-SIV infection . It is doubtful that 
humans with clinical characteristics similar to 13 14,  15 1 0  or 1798 would have been 
recognized as leprosy patients. An ambulatory human patient similar to 1798 might have 
exposed hundreds of contacts with M. leprae during such a time period while having few, if 
any, gross clinical symptoms of AIDS or leprosy. The possible implications of this 
observation for the future of leprosy among human populations remain to be seen. 

The immunologic data provide a basis for the clinical observations. The impaired 
nonspecific (ConA) and M. leprae-specific blastogenic responses in M. leprae-SIV coinfected 
RM are in agreement with one study in humans showing abrogated in vitro blastogenic 
responses and skin test responses to M. leprae antigens in HIV -positive tuberculoid leprosy 
patients . 12 We previously reported the progressive loss of M. leprae skin test responses with 
time after SIV inoculation of an M. leprae infected RM.4 Thus, systemic T-cell responses to 
M. leprae antigens appear to become compromised in blood and skin in leprosy-AIDS 
coinfected cases even though leprosy lesion histopathology may resemble that present in 
HIV-negative leprosy casesY 

The totally suppressed antibody responses to M. leprae-specific PGL-I cell wall antigen in 
7 of 8 SIVIML coinfected RM compared to significant responses in M. leprae-only infected 
RM indicates that SIV abrogates primary antibody responses to this M. leprae antigen in all of 
the coinfected RM except the long term survivor (1798). The impaired antibody responses 
appear to effect the primary, and not the secondary or memory compartment, as suggested by 
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the long-tenn presence of undiminished levels of anti-Gp l 20 antibodies beyond the known 
half-life of immunoglobulins .  Unfortunately, in the design of this study we did not anticipate 
the need for testing for responsiveness to unrelated antigens .  This will be included in a future 
protocol. 

Since the CD4+CD29+ subset contains helper-inducer and memory cells, it is 
conceivable that the M. leprae-specific immunologic impainnents may be associated with 
a pre-existing SIV-induced diminution of CD4+ and CD4+CD29+ T-cell subsets that is 
observed in most SIV-positive RM.4•19,20 The longitudinal PBL subset data indicate that, in 
SIV-positive RM, an early additional small, but statistically significant loss occurs in the 
CD4+CD29+ T-cell subset after M. leprae inoculation. The CD4+CD29+ subset deficit is 
known to correlate with rapid AIDS progression in RM ( 1 9) ,  but further investigations will be 
required to determine whether this specific defect contributes to the enhanced susceptibility 
to M. leprae persistence and dissemination in coinfected RM. 

Previously, we reported that RM inadvertently coinoculated with SIV simultaneously 
with M. leprae (prior to our knowledge that captive sooty mangabey monkeys,  the source of 
the M. leprae inoculum, carry SIV asymptomatically) developed AIDS and leprosy and 
produced anti-PGL-I IgG antibody responses.4 This is in contrast to the observations herein 
which revealed a complete inhibition of anti-PGL-I responses in 7 of 8 coinfected RM. A 
probable explanation for this discrepancy is twofold: 1 ,  RM in the fonner study most likely 
received extremely low doses of SlY, inadvertently present as a contaminate in the M. leprae 
inoculum, compared to known lethal doses of cryopreserved SIV experimentally given in the 
present study; and 2, RM in the fonner study4 were simultaneously infected with ML and 
SlY, whereas in the present study, RM were inoculated with SIV 8 - 1 0  months prior to 
M. leprae. Surprisingly, the clinical results of an additional study now in progress suggest that 
lethality is greater when SIV is given to RM simultaneously with M. leprae compared to SIV 
being given prior to M. leprae (Gonnus, BJ et aI, unpublished observations) .  Thus, it appears 
that the effect of coinfection with the two agents depends,  among other things, on the doses 
given and the relative timing of the two infections.  Experiments are planned to examine in 
greater detail the effects of relative timing of the 2 infections, including M. leprae infection 
soon after SIV inoculation. Studies are now in progress to examine the effects of SIV 
infection on leprosy reactivation in leprosy-quiescent M. leprae infected animals.  

The present data do not pennit us to explain with certainty why studies from the field fail 
to consistently detect an interaction between HIV and leprosy among human populations .  The 
results suggest that susceptibility to clinical leprosy is enhanced in leprosy cases coinfected 
with the AIDS virus. It is difficult to absolutely prove this point due to the generally observed 
rapid lethality of the combined infections observed in RM. 

The rapid lethality observed in most SIVIM. leprae coinfected RM is a possible partial 
explanation for the failure of field studies to consistently detect an interaction between HIV 
and M. leprae. If a significant percentage of HIV -coinfected leprosy patients with a secondary 
HIV infection were to succumb early, prior to leprosy recognition (and/or, perhaps, prior to 
recognition of AIDS), it could conceal the true effect of coinfection. 

If it is hypothesized that visible leprosy clinical symptoms are largely the result of the 
immune response to M. leprae, another possible explanation, suggested by the present 
immunologic results, is that clinical symptoms fail to appear in coinfected cases due to the 
AIDS virus-induced suppression of the immune response to M. leprae antigens .  If so, 
coinfected patients would tend to be systematically excluded from study populations.  
Taken together, our clinical and immunologic data present a strong argument that some 
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systematic factor is being overlooked in field studies that have failed to find an association 
between AIDS and increased leprosy susceptibility . l

o
- 14  

The specific effect of SIV on the course of M. leprae infection is dependent on several 
variables and is deserving of continued study. The possible implications of our observations 
for future resurgence of increased numbers of leprosy cases worldwide would seem to 
demand a very through investigation of and resolution to questions we have raised. Our 
studies are direct, not depending on epidemiological correlations,  using a nonhuman primate 
model that is phylogenetic ally very similar to humans to reach our conclusions. The results 
imply that it may not be readily possible to determine the true epidemiologic relationship 
between HIV and M. leprae infections by studying human populations. Our conclusions are 
disturbing because they continue to portend a possible drastic increase in future leprosy cases 
in AIDSlleprosy-endemic areas without detection before it is too late to take effective 
preventative measures. 

Acknowledgments 

We are grateful to the following persons for expert technical assistance : Ms' s Cynthia Trygg, 
Carol Coyne, Eileen Deharo, Eva Pecunia, Renee Grow and Terese Theriot; and Mr Calvin 
Lanclos. We appreciate the expert secretarial assistance of Ms Ann Bennett. Financial 
support was provided by grant #RR-00 1 64 from the National Center for Research Resources. 

References 

I Rieder HL, Cauthin GM, Comstock GW, Snider DE. Epidemiology of Tuberculosis in the United States. 
Epidemiol Rev 1 989; 11: 79-98 . 

2 Selwyn PA, Hartel D, Lewis VA, Schoenbaum EE, Vermund SH, Klein RS, Walker AT, et al. A Prospective 
Study of the Risk of Tuberculosis Among Intravenous Drug Users with Human Immunodeficiency Virus 
Infection. N Engl J Med 1 989; 320: 545-550. 

3 Daley CL, Small PM, Schechter GF, Schoolnick GK, McAdam RA, Jacobs WR, Jr. , Hopewell Pc. An Outbreak of 
Tuberculosis with Accelerated Progression Among Persons Infected with Human Immunodeficiency Virus: An 
Analysis Using Restriction-Fragment-Length Polymorphisms. N Engl J Med 1 992; 326: 23 1 -235 . 

4 Gormus BJ, Murphey-Corb MA, Martin LN, Zhang IY, Baskin GB, Trygg CB, Walsh GP, et al. Interactions 
Between Simian Immunodeficiency Virus and Mycobacterium leprae in Experimentally Inoculated Rhesus 
Monkeys. J Infect Dis 1 989; 160: 405-4 1 3 .  

5 Baskin G B ,  Gormus BJ, Martin LN, Murphey-Corb MA, Walsh GP, Meyers WM. Pathology o f  Dual 
Mycobacterium leprae and Simian Immunodeficiency Virus Infection in Rhesus Monkeys. Int J Lepr 1 990; 
58: 358-364. 

6 Baskin GB, Murphey-Corb M, Martin LN, Davison-Fairburn B,  Hu FS, Kuebler D. Thymus in Simian 
Immunodeficiency Virus-Infected Rhesus Monkeys. Lab Invest 1 99 1 ;  65: 400-407. 

7 Baskin GB, Martin LN, Rangan SRS, Gormus BJ, Murphey-Corb M, Wolf RH, Soike KF. Transmissible 
Lymphoma and Simian Acquired Immunodeficiency Syndrome in Rhesus Monkeys. JNCI 1 986; 77: 1 27 - 1 36. 

8 Baskin GB, Murphey-Corb M, Watson EA, Martin LN. Necropsy Findings in Rhesus Monkeys Experimentally 
Infected with Cultured Simian Immunodeficiency Virus (SIV)lDelta. Vet Patho1 1 988;  25: 456-467. 

9 Borgdorff MW, van den Broek J, Chum HJ, Klokke AH, Graf P, Barongo LR, Newell IN. HIV- l Infection as a 
Risk Factor for Leprosy; A Case-Control Study in Tanzania. Int J Lepr 1 993;  61:  556-562. 

\ 0  Ponnighaus JM, Mwanjasi LJ, Fine PEM, Shaw MA, Turner AC, Oxborrow SM, Lucas SB, et al .  Is HIV Infection 
A Risk Factor For Leprosy? Int J Lepr 1 99 1 ;  59: 221 -228. 

II  Frommel D, Tekle-Haimanot R, Verdier M, Negesse Y, Bulto T, Denis F. HIV Infection and Leprosy: A Four 
Year Survey in Ethiopia. Lancet 1 994; 344: 1 65- 1 66. 

1 2 Sampaio EP, Caneshi JRT, Nery JA, Duppre NC, Pereira GMB, Vieira LMM, Moreira AL, et al. Cellular Immune 
Response to Mycobacterium leprae Infection in Human Immunodeficiency Virus-Infected Individuals. Infect 
Immun 1 995; 63: 1 848- 1 854. 



Interactions between the AIDS virus and M. leprae 39 

1 3  Tekle-Haimanot R, Frommel D, Tadesse T, Verdier M, Abebe M. A Survey of HTLV- I and HIV's  in Ethiopian 
Leprosy Patients. AIDS 1 99 1 ;  5: 1 08- 1 10. 

14 Lienhardt C, Kamate B ,  Jamet P, Tounkara A, Faye OC, Sow SO, Bobin P. Effect of HlV Infection on Leprosy: A 
Three Year Survey on Bamako, Mali. Int J Lepr 1 996; 64: 383-39 1 .  

1 5  Shepard CC, McRae DH. A Method for Counting Acid Fast Bacteria. Int J Lepr 1 968;  36: 78-82. 
1 6  Murphey-Corb M, Martin LN, Davison-Fairburn B, Montelero RC, Miller M, West M, Ohkawa S, et al. A 

Formalin-Inactivated Whole SIV Vaccine Confers Protection in Macaques. Science 1 989; 246: 1 293 - 1 297. 
1 7  Ridley DS, Jopling WHo Classification of Leprosy According to Immunity. International Journal of Leprosy 1 966; 

34: 255-273. 
18  Gormus BJ, Xu K, Cho SN, Baskin GB, Bohm RP, Martin LN, Blanchard JL, et al. Experimental Leprosy in 

Monkeys. II. Longitudinal Serological Observations in Sooty Mangabey Monkeys.  Lepr Rev 1 995;  66: 1 05 - 1 25 .  
19 Martin LN, Murphey-Corb M, Soike KF ,  Davison-Fairburn B ,  Baskin GB . Effects of  Initiation of  3'-Azido, 3'

Deoxythymidine (Zidovudine) Treatment at Different Times after Infection of Rhesus Monkeys with Simian 
Immunodeficiency Virus. J Inf Dis 1 993 ;  168: 825-835 .  

20 Martin LN, Soike KF, Murphey-Corb M, Bohm RP, Roberts ED, Kakuk TJ, Thaisrivongs S, et al. Effects of u-
75875, A Peptidomimetic Inhibitor of Retroviral Proteases, on Simian Immunodeficiency Virus Infection in 
Rhesus Monkeys. Antimicrob Agents Chemother 1 994; 38: 1 277- 1 283 .  




