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Although HIV-1 infection has been shown
to be strongly associated with the devei-
opment of active tuberculosis (4. s. 1 ft 16 ) and
disease caused by other mycobacteria (' '`),
its association with leprosy is much less
olear. In a hospital-based case-control study
in Zambia (") an association was shown
between HIV-1 infection and leprosy, but
this was not confirmed in other hospital-
based studies in Ethiopia ( 17) and Yemen
and various countries in Africa (K) nor in a
community-based study in Malawi ( 13 ).

The Mwanza Region is situated on the
shores of Lake Victoria in northwest Tan-
zania, and has a population of two million.
In this region two studies were carried out
around the same time: HIV-1 testing of lep-
rosy and tuberculosis patients by the Na-
tional Tuberculosis/Leprosy Program, as
part of a collaborative study of the Inter-
national Union Against Tuberculosis and
Lung Disease, the World Health Organi-
zation, and the Tanzania National Tuber-
culosis and Leprosy Program (April—Sep-
tember 1991); and a population survey by
the National Institute for Medical Research,
as part of the Tanzania-Netherlands Re-
search Project on AIDS and HIV infection,
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and AMREF's STD/HIV Intervention Pro-
ject (August 1990—February 1991). This
provided the opportunity for a secondary
data analysis in which data on leprosy cases
were combined with data on population
controls in a case-control study to deter-
mine the relative risk of HIV-1  infection for
developing leprosy. A similar comparison
between tuberculosis cases and population
controls is reported separately ( 16 ).

METHODS
Cases. From April to September 1991

al193 newly diagnosed cases ofleprosy, aged
15-54 years from the Mwanza Region who
were started on treatment, were enrolled in
the study. Included were seven relapsed cases
who had been declared cured in the past.
Excluded were patients who had started
treatment elsewhere and were transferred in
while on treatment, patients not resident in
the Mwanza Region, and patients returning
to treatment after defaulting. The intake took
place in ali nine hospitais of the Mwanza
Region.

Information was recorded on sex, age and
residence. All patients were examined clin-
ically by experienced field supervisors. The
standard clinical examination forms were
ali scrutinized by an experienced Medical
Officer (JvdB), who also examined ali cases
with an unclear classification. The Ridley-
Jopling classification was used ( 6 ), with the
modification that midborderline (BB) lep-
rosy was classified as either borderline lep-
romatous (BL) or borderline tuberculoid
(BT) leprosy. From each patient four slit-
skin smears were taken. The skin smears
were examined locally and in the reference
laboratory (Bugando Medical Center) by
Ziehl-Neelsen staining and direct micros-
copy. Results were graded negative if no
Mycobacterium leprae were seen in 100
fields, and positive if the bacterial index (BI)
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was I + or more on the Ridley logarithmic
scale (14.19), e if at least one bacillus was
detected in 100 fields examined. Skin bi-
opsics were not taken routinely. Clinicai and
microbiological classification of leprosy
cases occurred blind to HIV-1 status.

The defmitions used in this study were
(19, 20, 21 ): a) Multibacillary leprosy: a clinicai
presentation consistent with lepromatous
(LL) or borderline lepromatous (BL) leprosy
or at least one skin smear with a BI of 1+
or more. b), Paucibacillary leprosy: a clin-
ical presentation of tuberculoid (TT) or bor-
derline tuberculoid (BT) leprosy and a BI
of 0.

A 5-10-ml sample of venous blood was
collected from ali cases as soon as possible
after starting treatment for leprosy. HIV-1
antibodies were demonstrated by ELISA
(Vironostika anti-HTLV-III; Organon Tek-
nika, Boxtel, The Netherlands). On ali sam-
ples with indeterminate ELISA results
Western blot was performed (Novopath;
Bio-Rad, Hercules, California, U.S.A.).

Controls. A full report on the population
survey, which was carried out from August
1990 to February 1991, has been published
elsewhere (2). For the selection of controls,
the Mwanza Region was divided into three
strata: urban, roadside, and rural. The ur-
ban stratum comprised Mwanza Munici-
pality; the roadside stratum was made up
of the small towns and villages along the
main roads; and the rural stratum consisted
of all other villages. From each stratum, 20
sites were randomly selected, with the prob-
ability of selection proportional to popula-
tion size. Within selected sites, ten-cell units
were selected using a simple random sam-
pling to give an average total of 100 eligible
individuais, aged 15-54 years, in each rural
site and 50 eligible individuais in each road-
side and urban site. (A ten-cell una com-
prises, on the average, ten households.)
Because of variability in the sizes of the ten-
cell units, the final numbers selected for in-
clusion in the rural, roadside and urban stra-
ta were 2434, 1157, and 1554, respectively.
The number of study participants in the
three strata were 2019, 958, and 1184, giv-
ing participation rates of 83%, 83%, and
76%, respectively. Variables recorded in-
cluded age, sex, and residence. Venous blood
(5-10 ml) was taken and separated in the
field. Serum was tested for HIV-1 antibod-

ies with ELISA (Organon Teknika). Ali non-
negative samples underwent confirmatory
testing using Western blot (Organon; Epi-
tope, Beaverton, Oregon, U.S.A.).

Data analysis. Cases and controls were
subdivided by residential strata, sex, and
age groups. Due to the small number of lep-
rosy cases in the urban and roadside strata,
these strata were combined in the analysis.
In order to make the HIV-1 results between
cases and controls comparable, HIV-1 sta-
tus in both groups was based on the ELISA
results; for those with an indeterminate
ELISA result the Western blot result was
used. The Western blot was considered pos-
itive if at least two of the gp41, gp120, and
gp160 bands were present (22). Odds ratios
(ORs) and their confidence intervals were
calculated with the exact method (EGRET
computer program), summarizing over sub-
groups after stratification by age, sex, and
residence, and are used as estimates of rel-
ative risk. The population etiological frac-
tion was estimated taking into account strat-
ification of the sample by residence, age, and
sex using the following formula ('5):

X = n,

where X is the population etiological frac-
tion, n, is the number of cases in stratum
and X, is the etiological fraction for stratum
i. X, is calculated as:

X, = (a,d, — b,c,)/(n,d,)

where a, is the number of exposed cases, d,
the number of unexposed controls, b, the
number of exposed controls, c, the number
of unexposed cases, and n, the number of
cases in stratum i. Strata with O cases were
ignored. The variance and confidence in-
tervals were also calculated according to
Schlesselman

RESULTS
In the study period 93 cases of leprosy

were identified. The distribution of age, sex
and residence of cases and controls is pre-
sented in Table 1. Leprosy patients were,
on the average, older than the controls and
a higher proportion of them were males.
The residence of the leprosy patients was
more often the rural villages. The geograph-
ic distribution of the leprosy cases identified
in this study is presented in The Figure.
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THE FIGURE. Map of Mwanza Region, Tanzania,
indicating the residences of identified leprosy cases.

TABLE 1. Age, sex and residence of lep-
rosy cases and population controls.

Leprosy
cases

Population
controls

No. (%) No. (%)

Age (yr)
15-24 12 (13) 1495 (36)
25-34 27 (29) 1385 (33)
35-44 35 (38) 770 (19)
45-54 19 (20) 511 (12)

Sex
Male 61 (66) 2000 (48)
Female 32 (34) 2161 (52)

Residence
Rural 72 (77) 2019 (49)
Roadside 18 (19) 958 (23)
Urban 3 (3) 1184 (28)

Total 93 (100) 4161 (100)

Of the 93 cases, 28 had multibacillary
(MB) leprosy (LL 10, BL 18), and 65 had
paucibacillary (PB) leprosy (BT 44, TT 21).
Ali LL and 16 out of 18 BL cases had a BI
of 1+ or more. Ali BT and TT cases had a
BI of 0.

The prevalence of HIV-1 infection in MB
and PB cases ofleprosy and population con-
trols by age, sex, and residence is presented
in Table 2. HIV-1 prevalence was higher in
MB than in PB cases. Overall, the HIV-1
prevalence in leprosy cases was 7 of 72 (10%)
in rural, and 2 of 21 (10%) in roadside and
urban arcas; in controls these prevalences
were 3.4% and 9.9% respectively. Of the 7
relapsed cases, 5 had MB leprosy, 1 of whom
had HIV-1 infection; the 2 relapsed cases
with PB leprosy were HIV-1 negative.

The overall odds ratio for the association
between HIV- I and leprosy that can be cal-
culated from Table 2 was 2.2(95% CI 1.0—
4.7; p = 0.07). The odds ratio for the as-
sociation between HIV-1 and MB leprosy
was 4.6 (95% CI = 1.3-13.2; p = 0.02); for
PB leprosy the odds ratio was 1.4 (95% CI
= 0.4-4.7; p = 0.72). When relapsed cases
are excluded from the analysis the odds ra-
tio for the association between HIV-1 and
MB leprosy was 4.1(95% CI = 1.0-13.3; p
= 0.06).

The population etiological fraction for the
development of MB leprosy can be esti-
mated to be 13% (95% CI = 4-23%). I f the
association between HIV-1 infection and

MB leprosy were causal, 13% of MB leprosy
cases occurring at present would be attrib-
utable to HIV-1 infection.

DISCUSSION
This population-based study has dem-

onstrated an association between HIV-1 in-
fection and the development of MB leprosy
in self-reported cases. However, because the
number of cases was small, this finding
would need to be confirmed in other, if pos-
sible, larger studies. An association between
HIV-1 infection and MB leprosy theoreti-
cally is to be expected, because a reduced
cellular immunity, which occurs with the
progress of HIV-1 infection, is associated
with MB leprosy (7)• It is also expected
because of the association between HIV-1
infection and other diseases due to my-
cobacteria, in particular M. tuberculosis
(I, 4, 5, 10, 12 11.

Comparing self-reported cases with pop-
ulation controls has a danger of introducing
a bias, for instance, if health service utili-
zation rather than the disease under study
itself were associated with HIV-1 infection.
As was done by Pbrinighaus, et al. ("), we
assessed the validity of the case-control
comparison by applying the same methods
to a comparison of tuberculosis cases and
population controls. The odds ratio for the
association between HIV-1 and tuberculo-
sis was 8.3 (95% CI = 6.4-11.0) ("), which
is consistent with findings of Kinnighaus, et
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TABLE 2. 111 V-1 preralence in leprosy cases and population controls by age, sex, and
residence.

Age
group

1'opulation
controls

Multibacillary
leprosy

HIV+/
No. seen

Paucibacillary
leprosy

HIV+/
No. seen(%%0 (%)

Rural
Males

15-24
25-34
35-44
45-54
Subtotal

0/3
4/7
0/6
0/3
4/19

(0)^0/5
(57)^0/8

(0)^0/7
(0)^0/10

(21)^0/30

(0)
(0)
(0)
(0)
(0)

5/314
12/309
6/191
6/160

29/974

(1.6)
(3.9)
(3.1)
(3.8)
(3.0)

Females
15-24 0/1 (0)^0/1 (0) 17/397 (4.3)
25-34 1/1 (100)^2/7 (29) 10/330 (3.0)
35-44 0/0 (—)^0/9 (0) 9/210 (4.3)
45-54 0/0 (—)^0/4 (0) 3/108 (2.8)
Subtotal 1/2 (50)^2/21 (10) 39/1045 (3.7)

Total rural 5/21 (24)^2/51 (4) 68/2019 (3.4)

Roadside and Urban
Males

15-24 0/1 (0)^1/1 (100) 16/356 (4.5)
25-34 0/1 (0)^0/1 (0) 33/340 (9.7)
35-44 0/1 (0)^1/6 (17) 24/200 (12.0)
45-54 0/1 (0)^0/0 (—) 6/130 (4.6)
Subtotal 0/4 (0)^2/8 (25) 79/1026 (7.7)

Females
15-24 0/0 (—)^0/0 (—) 56/428 (13.1)
25-34 0/2 (0)^0/0 (—) 61/406 (15.0)
35-44 0/0 (—)^0/6 (0) 13/169 (7.7)
45-54 0/1 (0)^0/0 (—) 3/113 (2.7)
Subtotal 0/3 (0)^0/6 (0) 133/1116 (11.9)

Total roadsidc
and urban 0/7 (0)^2/14 (14) 212/2142 (9.9)

Overall total 5/28 (18)^4/65 (6) 280/4161 (6.7)

al. ( 13) and others (4 5 . 10). This provides some
support for the validity of the case-control
comparison.

For the detection of leprosy cases use was
made of passive case finding. Self-reported
cases might be expected to show a bias to-
ward more serious cases and toward a res-
idente Glose to a hospital or a main road.
The latter bias is not obvious (The Figure).
On the contrary, most leprosy cases were
resident in fairly remote rural villages. The
clinicai presentation and disability grade of
HIV-1-infected patients was similar to that
of patients without HIV-1 infection. How-
ever, because ofthe possibility ofthe former
bias, our results can be interpreted in two

ways: a) an increased incidence of MB lep-
rosy may be attributable to HIV-1 infection
or b) HIV-1 infection may contribute to a
more serious clinicai presentation of lep-
rosy. The odds ratio for the association be-
tween MB leprosy and HIV-1 infection has
not been influenced much by the inclusion
of the relapsed cases.

Another limitation of this study may lie
in the classification of leprosy disease. As
has been shown elsewhere ( 3 ), the concor-
dance between clinical and bacteriological
classification was not complete. In partic-
ular, 2 of 28 (7%) cases clinically diagnosed
as MB (both BL) did not have a positive
slit-skin smear result. One of these two was
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1-IIV-1 infected. If these two cases were re-
classified as PB leprosy, the odds ratio for
the association between MB leprosy and
HIV-1 infection would be 3.6 (95% CI =-
0.9-11.6; p = 0.08). The classification of
these two cases therefore had some influ-
ence on the results obtained. This provides
an additional reason for carrying out furthcr
studies to confirm the association between
HIV-1 and MB leprosy.

The association between HIV-1 infection
and leprosy is only apparent in the rural arca
and not in the urban arca or roadside set-
tlements. This may be due to the small
number ofleprosy patients in the urban arca
and roadside settlements. The data from
these strata have been included for com-
pleteness, although they do not contribute
much to the final result.

The interaction of HIV-1 and leprosy is
difficult to demonstrate because of a num-
ber of factors: a) leprosy occurs mainly in
the rural arcas, while HIV-1 is most prev-
alent in urban arcas; b) the number of new
cases of leprosy detected is small in most
arcas; c) the development ofleprosy disease
is a slow process, probably taking many
years; and d) the loss of immunity in HIV-1
disease is also a slow process, usually taking
a number of years to develop. Therefore,
future case-control studies aiming at con-
firming or refuting the association between
HIV-1 infection and an increased incidence
of leprosy would need to: a) select "inci-
dent" cases of leprosy; b) control for con-
founders such as age, sex, and residence; c)
be carried out in arcas where leprosy is fairly
com mon and HIV-1 infection has been well
established in the rural arcas for a number
of years.

All of these critcria were met in the study
by Ininnighaus, et al. in Malawi (13) with the
exception that HIV-1 had probably been
introduced recently in the study arca. The
studies by Leonard, et al. (8) and Tekle-Hai-
manot, et al. (17) appear to have had insuf-
ficient control for potential confounders, in
particular age (8) and residence (17). The
study of Leonard, et al. included some arcas
where HIV-1 infection had been introduced
recently while this is unclear from the study
of Tekle-Haimanot, et al. These factors
might explain the negative findings of these
studies.

The implications of our findings for lep-
rosy control are worrying. In our study 4%
to 23% of MB leprosy cases appear to be
attributable to HIV-1 infection. If the HIV-1
prevalence increases in the rural arcas of the
region, the population etiological fraction is
likely to increase as well. Over the past 10
years the case detection rate of MB leprosy
lias been stable, but the numbers are rather
small. Hopefully an incrcase in the inci-
dence of leprosy can be prevented by high
cure rates through effective chemotherapy
and case holding, by early case detection to
limit the infectious period, and by BCG vac-
cination (9)•

Repeating this study elsewhere and in 5
years time in the same location is recom-
mended in order to assess the impact of
HIV-1 infection on the epidemiology and
control of leprosy.

SUMMARY
A case-control study was carried out in

Tanzania to determine the relative risk of
those with HIV-1 infection for getting lep-
rosy. Cases were 93 consecutively diag-
nosed patients with leprosy aged 15-54 years
from the Mwanza Region. Controls were a
representative population sample of 4161
people drawn from a stratified cluster sam-
ple from urban arcas, roadside settlements,
and rural villages. HIV-1 infection was de-
termined by enzyme-linked immunosor-
bent assay (ELISA); Western blot was used
when the ELISA result was indeterminate.
The HIV-1 prevalence in leprosy cases was
10% in rural (7 of 72) and in roadside and
urban arcas (2 of 21); in controls these prev-
alences were 3.4% and 9.9%, respectively.
The relative risk of HIV-1 infection for the
devclopment ofleprosy was estimated to be
2.2 [95% confidence interval (CI) = 1.0-4.7;
p = 0.07]. HIV-1 infection was significantly
associated with multibacillary (MB) leprosy
(odds ratio 4.6; CI = 1.3-13.2) but not with
paucibacillary leprosy (odds ratio 1.4; 95%
CI = 0.4-3.8). The population etiological
fraction for the development of MB leprosy
attributable to HIV-1 infection in this pop-
ulation is estimated to be 13% (95% CI =
4%-23%). We conclude that HIV-1 is a risk
factor for the development of MB leprosy.
The impact of the HIV-1 epidemic on the
incidence of leprosy so far has been limited
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since HIV-1 occurs mainly in urban arcas
and leprosy in rural arcas.

RESUMEN
Se efectuó en Tanzania un cstudio para determinar

el riesgo relativo que tienen los casos con infección por
HIV-1 para desarrollar lepra. Los casos estudiados fue-
ron 93 individuos dela región de Mwanza cuyas edades
lluctuaron entre loss 15 y los 54 anos. Los controles
fueron 4161 personas correspondientes a diferentes es-
tratos poblacionales e incluyeron habitantes de áreas
urbanas, habitantes de asentamientos al lado de carre-
teras, y habitantes de poblaciones rurales. La infección
por HIV-1 se determinó por un inmunoensayo enzi-
mático (ELISA); la inmunoelectrotransferencia (West-
ern blot) se utilizó cuando los resultados por ELISA
fueron inciertos. La prevalencia de HIV-1 en los casos
de lepra fue dcl 10% tanto en las áreas rurales (7 de
72) como en las áreas urbanas y en aquellos asenta-
mientos al lado de carretcras (2 de 21); en los controles,
estas prevalencias fueron de 3.4 y de 9.9, respectiva-
mente. Se calculó que el riesgo relativo de la infección
por 1-11V para el desarrollo de lepra fue de 2.2 [intervalo
de confianza al 95% (Cl) = 1.0-4.7; p = 0.07]. La
infección por HIV-1 estuvo asociada significativamen-
te con la lepra multibacilar (MB) (probabilidad 4.6; CI
= 1.3-13.2) pero no con la lepra paucibacilar (pro-
babilidad 1.4; Cl = 0.4-3.8). La fracción de la pobla-
ción etiológica para cl desarrollo de lepra M 13 atribuíble
a la infección por HIV-1 en esta población fue de 13%
(CI = 4%-23%). Se concluyó que el 1-1IV-1 es un factor
de riesgo para el desarrollo de lepra MB. La infor-
mación relativa al impacto dcl HIV-1 epidémico sobre
la incidencia de lepra es hasta ahora limitada debido
a que HIV-1 occurre principalmente en las áreas ur-
banas y la lepra en las áreas rurales.

RESUME
Une étude cas-témoins été réalisée en Tanzanie pour

déterminer le risque relatif de développer la lepre as-
socié à une infection par le VIH-1. Les cas se compo-
saient de 93 patients diagnostiqués consécutivement
comme ayant la lépre, âgés de 15 à 54 ans et originaire
dela Région de Mwanza. Les témoins étaient un échan-
tillon représcntatif de la population de 4161 personnes
tirées au sort sur base d'un échantillonnage stratifié de
zones urbaines, de zones établies situées le long des
routes et de villages ruraux. L'infection à VIH-1 a été
déterminée par un test immuno-enzymatique (ELISA);
le Western-Blot a été utilisé en cas de résultat ELISA
indéterminé. La prévalence de VIH-1 parmi les pa-
tients lépreux était de 10% en zones rurales (7 sur 72),
ainsi que le long des routes et en zones urbaines (2 sur
21). Parmi les témoins, ces prévalences étaient respec-
tivement de 3.4% et 9.9%. Le risque relatif de deve-
lopper la lepre associé à une infection à V1H-1 a été
estimé à 2.2 [intervalle de confiance à 95% (IC) = 1.0-
4.7; p = 0.07]. L'infection à VIH-1 était significati-

vement associée à la lépre multibacillaire (MB) (odds
ratio 4.6; IC = 1.3-13.2) mais pas avec la lépre pau-
cibacillaire (odds ratio 1.4; IC à 95% = 0.4-3.8). La
fraction étiologiquc du risque de développer une lepre
MB attribuable à l'infection VIH-1 dans cette popu-
lation est estimée à 13% (IC 95% = 4%-23%). Nous
en concluons que le VIH-1 est un facteur de risque
pour le développement de la lépre MB. L'impact de
I'épidémie à VIH-1 sur l'incidence de la lepre a été
limite jusqu'á présent du fait que l'infection à VIH-1
survient principalement en zones urbaines et la lepre
en zones rurales.
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