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The associations between the human im-
munodeficiency virus (HIV) and tubercu-
lous and certain nontuberculous mycobac-
terial infections have been established ( 5 ).

HIV infection was suggested to constitute
an important risk factor for leprosy ( 13 ), but
only a few studies have been carried out in
some African countries to determine the as-
sociation between leprosy and HIV infec-
tion (2, 4, 6, 8, ) Some of these studies had
limitations in design and some found no
association between the two diseases. India
has the greatest number of known cases of
leprosy and appears to be on the rising curve
ofan HIV endemic potentially as significant
as that in Africa ( 3 ), but some of the earlier
studies done in north and northeastern In-
dia did not find HIV infection among lep-
rosy patients (10. H ).) An uncontrolled study
reported a very low prevalence of HIV in-
fection among leprosy patients from north
India ( 7). Our pilot study done in Tamil
Nadu, a south Indian state, showed a higher
prevalence of HIV infection among leprosy
patients ('), but there was no way in that
study to analyze whether such infection has
any association with leprosy. With that
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background, an extended, case-control study
was planned to explore whether HIV infec-
tion is a risk factor for leprosy and to un-
derstand the characteristics of HIV infec-
tion and high-risk behaviors among leprosy
patients.

MATERIALS AND METHODS
Leprosy patients older than 16 years of

age of both sexes attending the outpatient
department of the Central Leprosy Teach-
ing and Research Institute, Chengalpattu,
India, have been included in the study.

The pilot study (between November 1992
and February 1993) included 463 leprosy
patients. About 3 ml of blood was collected
from each patient, after obtaining consent,
for HIV serology.

The extended study (between July 1993
and October 1993) included 556 leprosy pa-
tients. After explaining the study and ob-
taining their consent, blood was drawn. Rel-
evant information on history of a) blood
transfusion; b) intravenous drug abuse; c)
high-risk behaviors, namely, extramarital
sex (EMS), premarital sex (PMS), extra-
marital sexual relationships (EMR) of
spouses and homosexual sex; and d) sexu-
ally transmitted diseases (STD) were col-
lected in a pre-tested pro forma by three
well-trained investigators. Absolute confi-
dentiality was assured and maintained.

Controls were selected from the patients
attending the nearby Chengalpattu Medical
College Hospital, carefully matching the
cases for age (± 3 years), sex and area of
residence. A total of 1004 appropriate con-
trols could be selected, matching the 502
cases in the extended study (two matched
controls for every case). For the remaining
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TABLE 1. HiVseropositivity among cases
and controls.

I^II^W13"
ELI- ELI-

No^positive
tested 

SA SA ^
post- post- HIV- HIV-
live^live^I^2

Case group

Pilot Study
^

463^30^14^2^1
Extended Study

^
556^5^3 ̂ 2^—

Total
^

1019^35^17^4^I

Control group
^

1004^13^6^6^—

W13 = Western Blot.

54 cases, we could not select matching con-
trols. Blood samples were drawn from these
after obtaining consent. They were inter-
viewed and information collected as per the
same pro forma by the same investigators,
using the same approach as done for the case
group. Subjects who appeared to have lep-
rosy or tuberculosis were not included as
controls.

Blood samples were collected using dis-
posable syringes and needles, and were as-
signed a predetermined code number. The
sera were separated and kept at 4°C until
the assays were done and then stored at
—20°C.

HIV antibody screening. The samples
collected in the pilot study were tested with
an indirect ELISA (Vironostika-HIV MIXT;
Organon Tecknika, Holland) and the posi-
tive samples were subjected to repeat testing
using another indirect ELISA (Rapid Ela-
via-MIXT; Diagnostics Pasteur, France).

The samples collected from both the case
and control groups in the extended study
were tested initially with an indirect ELISA
(DETECT-HIV; Biochem Immuno Sys-
tems Inc., Canada), and the positive sam-
ples were repeat tested with a sandwich
ELISA (Wellcozyme-HIV I and 2; Murex
Diagnostics Ltd., U.K.).

All of those samples found repeatedly
positive by ELISA were confirmed by West-
ern blot tests for HIV-1 (NEW LAV-BLOT
I; Sanofi Diagnostic Pasteur, France) and
HIV-2 (NEW LAV-BLOT II; Sanofi) sep-
arately. The procedures for the different tests
and the interpretation of results were all done
as per the instructions of the manufacturers.
Those samples found to be positive by the

two ELISAs and further shown to be posi-
tive by confirmatory tests were declared as
positive for HIV-1 or HIV-2 antibodies.

Data processing was done using computer
SPSS software packages and 2 x 2 signifi-
cance was tested by Fisher's exact chi-
squared test using EPI-INFO software pack-
ages. Multiple logistic regression for calcu-
lating the odds ratio was performed using
MULTLR software packages.

RESULTS
Of the total 1019 cases screened by both

the pilot study and the extended study, 807
were men [32 tuberculoid (TT), 238 bor-
derline tuberculoid (BT), 15 borderline bor-
derline (BB), 107 borderline lepromatous
(BL), 346 lepromatous (LL), 61 pure neural
(PN), 8 indeterminate (IND)] and 212 were
women (14 TT, 39 BT, 2 BB, 30 BL, 72 LL,
11 PN, 4 IND).

In the pilot study, out of 463 patients
screened 30 were positive by the first ELISA
(Table 1). The second ELISA detected only
14 out of 30 as positive. Of these, 2 were
confirmed to be positive for HIV-1 and 1
was confirmed to be HIV-2 positive.

In the extended study, out of 556 patients
screened 5 were positive by the first ELISA
(Table 1). The second ELISA identified only
3 out of the 5 to be positive, and of these,
2 were confirmed to be positive for HIV-1.

In the control group, out of the total of
1004 subjects (matched with 502 cases of
the extended study) screened, 13 were pos-
itive by the first ELISA (Table 1). The sec-
ond ELISA detected only 6 out of the 13 to
be positive and all 6 were confirmed to be
positive for HIV-1.

Thus, 5 out of 1019 (0.49%) in the leprosy
case group and 6 out of 1004 (0.59%) in the
non leprosy group were observed to be pos-
itive for HIV infection.

Regarding their disease status, out of the
5 seropositive leprosy patients, 2 had LL, 2
had BL, and 1 had the BT type of leprosy.
All of them had a long duration of disease,
ranging from 4 to 20 years. All of them were
treated with monotherapy, or multidrug
therapy, or both. All of them were found to
be bacteriologically negative.

The personal characteristics of the sero-
positive leprosy patients showed that all of
them belonged to the younger age group (28
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TABLE 2. Association between IIIV in-
fection and leprosy and other variables by
odds ratio and 95% confidence intervals (CI).

Variables Odds ratio 95% CI

Leprosy 0.8245 0.201-3.593
Marital status 0.716 0.156-3.281
Educational status 1.080 0.616-1.893
Age 0.551 0.271-1.120
Sex 0.742 0.110-5.001
High-risk behavior 5.186 1.717-15.667"

Statistically significant, p = 0.003.

to 38 years). All were male. Except for one,
all were unmarried (80%). Their education-
al status varied, ranging from a primary to
a high school education. All of them had
high-risk behavior—had visited commer-
cial sex workers (CSW). Of the 5 cases, 4
had HIV-1 infection and 1 had HIV-2 in-
fection.

The personal characteristics of the 6 se-
ropositive controls showed that they also
belonged to the younger age group (22 to 35
years). Four of them were male and 2 were
female. Except for one, all were married.
Their educational status was variable in this
group also. All of them, except for one, be-
longed to a high-risk group—the men gave
a history of visits to CSW and the women
revealed extramarital relations (EMR) on
the part of their spouses (both of them at-
tended a STD clinic). All 6 controls were
positive for HIV-1 infection only.

High-risk behavior was graded for anal-
ysis as follows: grade 0 = no history of (h/
o) extramarital sex/premarital sex (EMS/
PMS) of individual/EMR of spouses; grade
1 = h/o EMS/PMS of individual/EMR
among spouses; grade 2 = h/o EMS and
PMS.

An analysis of the association between
HIV infection and leprosy disease, marital
status, educational status and high-risk be-
havior in terms of odds ratio (calculated
from matched-set case control by age, sex
and area of residence) was done using mul-
tiple logistic regression (Table 2). The high-
est odds ratio (OR = 5.186, CI = 1.717-
15.667) was between HIV infection and
high-risk behaviors, indicating a strong as-
sociation between HIV infection and high-
risk behavior. Leprosy disease had no pos-
itive association with HIV infection (OR =

TABLE 3. Comparison of personal and
high-risk characteristics between cases and
controls.

Characteristics Cases Con-
trols

p Value

Unmarried 32% 19% < 0.0001
Unmarried after

30 years 36% 7% < 0.0001
EMR' among spouses 20% 7% < 0.0001
History of blood

transfusion 2% 3% > 0.741
History of surgery 42% 25°h < 0.0001
Exposure to

EMS"/PMS' 32% 17°h < 0.0001
Unprotected

EMS/PMS 97% 95% > 0.05
History of STD' 5% 8% > 0.05
Exposure to

homosexual sex 0.8% 0.4% > 0.05

EMR = extramarital relation.
'' EMS = extramarital sex.
PMS = premarital sex.

d STD = sexually transmitted disease.

0.824, CI = 0.201-3.593) or any of the other
variables.

A comparative analysis of the personal
and high-risk characteristics among case and
control groups revealed that the unmarried
status and being unmarried after 30 years
of age were more common among the lep-
rosy patients (p <0.0001) (Table 3). Ex-
posure to EMS and/or PMS was found to
be more common among the leprosy pa-
tients (p <0.0001). EMR also was observed
to be more common among spouses of lep-
rosy patients (p <0.0001). A history of sur-
gical intervention was also more common
among leprosy patients (p <0.0001) with
those interventions for leprosy complica-
tions contributing most (63%). A history of
blood transfusion and a history of homo-
sexual sex were found to be minimal and
equal in both of the groups. No one was
found to have a history of intravenous drug
abuse in either of the two groups, although
some admitted to the use of alcohol (data
not shown). A majority of both groups had
unprotected sex with their pre- and extra-
marital contacts.

DISCUSSION
The present, extended case-control study

confirmed the observation of the occurrence
of HIV infection among leprosy patients of
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our pilot study. The study also showed that
the nonleprosy controls were infected equal-
ly with HIV. The leprosy disease status was
observed to have no positive association
with HIV infection. High-risk behaviors in
the form of pre- or extramarital sex, es-
pecially with commercial sex workers, was
found to have strong association. Thus, it
indicated that leprosy by itself does not pro-
mote the acquisition of the HIV infection.

On closer examination the leprosy pa-
tients were found to indulge in high-risk be-
haviors. Unmarried status and unmarried
after 30 years of age were found to be more
common among the leprosy group. All of
our scropositive cases were males and most
of them were unmarried. Extramarital re-
lationships were observed to be more com-
mon among spouses of leprosy patients. Al-
though these findings need further
confirmation, leprosy patients are perhaps
relatively more likely to acquire HIV infec-
tion by virtue of those high-risk behaviors,
even if not by their leprosy disease status
per se.

The sparse use of condoms (observed in
both groups) and the increased surgical in-
terventions (mostly for leprosy complica-
tions) may contribute to the HIV problem
among leprosy patients.

Although leprosy as such did not show
any active association, we observed more
HIV infection among multibacillary pa-
tients (80%). Although a few others have
also reported a similar observation ( 6 ), it
needs an in-depth, prospective study to fur-
ther analyze these relationships.

The probable reason(s) for the failure of
the few north Indian studies (")• ") to show
HIV infection among leprosy patients were
because of the small number of subjects
studied. The lower prevalence (0.076%) of
HIV infection among leprosy patients shown
by the previous study done in north India
(7 ) perhaps was due to the lower endemicity
of HIV infection/AIDS in the study area.
Tamil Nadu, where the present study was
carried out, reported large numbers of se-
ropositives and AIDS cases under the Na-
tional AIDS Surveillance Programme.

SUMMARY
With the observation of the occurrence

of the human immunodeficiency virus (HIV)

infection among leprosy patients in our pi-
lot study carried out in Tamil Nadu, South
India, a case-control study was planned to
explore whether HIV infection is a risk fac-
tor for leprosy and to understand the char-
acteristics of HIV infection and high-risk
behaviors among leprosy patients. We
screened 556 patients and 1004 nonleprosy
controls (matching 502 cases for age, sex
and area of residence) for HIV- I and HIV-2
antibodies. They also were interviewed for
personal information on history of blood
transfusion, intravenous drug abuse, high-
risk sexual behavior, and sexually trans-
mitted diseases. Of the 1019 total cases
screened (of both pilot and extended stud-
ies), 5 were found to be position for HIV
antibodies (HIV-1 = 4, HIV-2 = 1); of the
1019 nonleprosy controls, 6 were positive
for HIV-1 antibodies. An analysis by odds
ratio revealed no association between lep-
rosy and HIV infection (OR = 0.824, 95%
CI = 0.201-3.593). A strong association was
found only between high-risk behavior and
HIV infection (OR = 5.186, 95% CI =
1.717-15.667). However, unmarried, un-
married after 30 years of age, exposure to
spouses of the leprosy patients, and a history
of surgery were all observed to be signifi-
cantly more common among leprosy pa-
tients than the controls.

RESUMEN
En un estudio piloto realizado en Tamil Nadu, al

Sur de la India, se observe' la ocurrencia de infecciOn
por el virus de la inmunodeficiencia humana (VIH),
entre los pacientes con lepra de esa region. Con base
en este hallazgo, se proyectO explorar si Ia infecciOn
por el VIH constituye un factor de riesgo para adquirir
Ia lepra. Asi mismo sc trate) de encontrar alguna re-
laciOn entre el riesgo de infeciOn por VIH y los habitos
de vida de los pacientes con lepra. Se buscaron anti-
cuerpos contra VIH-1 y VIH-2 en 556 pacientes con
lepra y en 1004 controles sanos, empatando 502 casos
por edad, sexo, y area de residencia. Los individuos se
intcrrogaron en cuanto a antecendentes de transfusion
sanguinca, abuso de drogas intravcnosas, practicas se-
xualcs dc alto riesgo, y enfermedades de transmisiOn
sexual. Del total de 1019 casos entrevistados (inclu-
yendo los casos del estudio piloto), cinco tuvieron anti-
cucrpos contra VIH (4 VIH-1, 1 VIH-2). Entre los 1019
controles sanos, hubieron 6 individuos con anticucrpos
contra VHI-1. El analisis estadistico de los resultados,
no indicel ninguna asociaciOn significativa entre Ia lepra
y la infecciOn por lc VHI (OR = 5.186, 95% CI =
1.717-15.667). Sin embargo, se note' que los indivi-
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duos no casados, los antecedentes de cirugia, fueron
mds frecuentes en el grupo de pacientes que en el grupo
control.

RESUME
Apres ('observation de la survenue de l'infection par

lc virus de l'immunodeficience humaine (VIH) parmi
les malades de Ia lepre dans notre etude-pilote realisee
au Tamil Nadu dans Ic Sud de l'Inde, une etude cas-
temoins fut planifiCe afin d'explorer dans quelle mesure
l'infection VIH est un facteur de risque pour Ia lepre,
et afin d'explorer les caracteristiques de l'infection VIH
et les comportements a haut risque parmi les malades
de la lepre. Nous aeons &piste 556 malades et 1004
temoins non-lepreux (en appariant 502 cas pour ('age,
le sexe et al zone de residence) pour Ia presence d'anti-
corps vis-a-vis du VIH-1 ct du VIH-2. Its furent ega-
lenient interoges quant A des antecedents personnels
de transfusion sanguine, toxicomanie intraveineuse,
comportment sexuel a haul risque et maladies sexuel-
lement transmises. Parmi Ic total de 1019 patients de-
pistes (provenant A Ia fois de ('etude-pilote et de la
nouvelle etude), 5 furent trouves positifs pour Ia re-
cherche d'anticorps anti-VIH (VIH-1 = 4 et VIH-2 =
1); parmi les 1019 temoins non-lepreux, 6 etaint po-
sitifs pour la recherche d'anticorps anti-VIH-1. Unc
analyse par odds ratio n'a montre aucune association
entre Ia lepre et l'infection VIH (OR = 0.824, LC 95%
= 0.201 et 3.593). On a sculement trouve une forte
association entre un comportement a haut risque et
l'infection VIH (OR = 5.186, LC 95% = 1.717 et
15.667). Cependant, le fait d'etre non mane, non mark
apres 30 ans, des contacts avec des conjoints de ma-
lades de Ia lepre, et des antecedents chirurgicaux sont
tour plus frequemment observes parmi les malades de
Ia lepre quc parmi les temoins.
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