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The relationship between leprosy and in-
fection with the human immunodeficiency
virus (HIV) and its impact on the epidemi-
ology of leprosy remains controversial (9 ).

Some population-based ( 2) and hospital-
based ( 8 ) epidemiological studies have
shown an association between the two, as
has one study in an animal model ( 5 ). Other
hospital- and population-based studies
could not establish such an association
(8, 10, 13, 15-17) and one study suggested a neg-
ative association between leprosy and HIV
infection ( 7). An earlier report from Tanza-
nia ( 3 ) on the prevalence of HIV infection
among leprosy patients using blood donors
and antenatal women as controls did not
demonstrate an association. HIV infection
has had a significant impact on the epide-
miology of tuberculosis as evidenced by nu-
merous reports, including several from Tan-
zania (-4 ' 8), where case notifications of tuber-
culosis have been increasing dramatically in
large part as a result of the HIV epidemic.
HIV infection has a well-established rela-
tionship with mycobacterial diseases in
general, and one might expect that HIV in-
fection is also associated with leprosy.

In contrast with tuberculosis, case notifi-
cations of leprosy in Tanzania have not
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changed appreciably over the past 13 years
(The Figure). Total case notifications de-
creased by 79%, from 3208 to 2537 cases,
between 1983 and 1995. However, the case
notifications of multibacillary (MB) pa-
tients showed an increase of 33%, from 660
to 876 cases, during the same period.

The proportion of MB cases among the
new cases detected, which is expected to in-
crease when the risk of leprosy infection
decreases and the cases with the longer in-
cubation period become more prevalent,
changed little except for the last 3 years.
The proportion of notifications of relapses
following multiple drug therapy (MDT) re-
mained constant over the past 13 years, av-
eraging <5% of the newly notified cases.

In this paper we present the results of a
study of HIV infection among all new and
relapsed leprosy patients notified between
1991 and 1993 throughout Tanzania.

MATERIALS AND METHODS
Leprosy cases enrolled in the study were

consecutively diagnosed, new and relapsed
self-reported MB and paucibacillary (PB)
leprosy patients in all 20 regions of Tanza-
nia. The period of enrollment varied from 3
to 6 months per region and all regions were
covered in the 3-year period 1991-1993.
The general plan of the study has previ-
ously been reported ( 4 ).

The case definitions used were: a) MB
leprosy patient: a leprosy patient with clini-
cal signs compatible with borderline lepro-
matous (BL) or lepromatous (LL) leprosy,
or a patient with a positive bacterial index
(BI) of the skin smears examined in the
local laboratory; and b) PB leprosy patient:
a leprosy patient with clinical signs com-
patible with tuberculoid (TT) or borderline
tuberculoid (BT) leprosy and with a nega-
tive BI of the skin smears examined in the
local laboratory.
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THE FIGURE. Trend in leprosy case no-
tification (new cases and relapses after
MDT) in Tanzania, 1983-1995. - - - = Pau-
cibacillary; — — — multibacillary;  
= total.

HIV sero-status was based on the results
of a single ELISA (Vironostika anti-HTLV-

Organon Teknika, The Netherlands)
performed on a sample of venous blood
taken immediately after diagnosis.

The controls were blood donors screened
for HIV in the regions of Tanzania between
1991 and 1993 by the National AIDS Con-
trol Programme, stratified by sex, age group
and urban or rural residence. This HIV
screening used the result of a single HIV
check in district hospitals and the result of a
single [LISA at regional hospitals.

Multivariate analysis was done by logis-
tic regression and the Mantel Haenszel
analysis in order to calculate adjusted odds
ratios. Cases and controls were stratified ac-
cording to HIV status, sex, age group and
residence. Statistical analysis was done
with Stata and Microsoft Excel computer
software.

RESULTS
A total of 731 leprosy patients were en-

rolled in the study and tested for HIV infec-
tion. These patients represented 69% of the
notified new and relapsed cases reported in
the various regions during the study peri-

TABLE I. Number of leprosy patients who were notified during the study period, en-
rolled and eligible .ft- analysis and number of blood donors and their HIV status per re-
gion and per year

Region Year

Leprosy patients Blood donors
Notified
in study
period

Tested
for HIV

% Tested
of cases
notified

HIV+/
leprosy

analyzed

Leprosy
%111V+

HIV+/Total
donors

Donors
%HIV+

Arusha 1991 7 23, 329% 5/23 22% 116/4,183 3%
Dar es Salaam 1991 41 II 27% 1/8 13% 282/3,946 7%
K age ra 1991 75 27 36% 2/23 9% 449/3,962 1 I %
Kilimanjaro 1991 8 12 141% 2/11 18% 94/3,408 3%
Mbeya 1991 37 9 24% 1/8 13% 310/2,703 11%
Mwanza 1991 133 123 92% 12/119 10% 435/6,976 6%
Tanga 1991 83 93 112% 10/84 12% 542/7,594 7%
Total 1991 385 298 77% 33/276 12% 2,228/32,772 7%

Dodoma 1992 30 22 74% 0/20 0% 56/1,193 3%
Lindi 1992 72 16 22% 0/15 0% 107/3,297 3%
Morogoro 1992 66 26 39% 6/26 23% 247/5,198 5%
Mtwara 1992 179 114 64% 4/108 4% 294/5,725 5%
I'wani 1992 53 44 83% 8/33 24% 84/1,982 4%
Shinyanga 1992 75 49 65% 5/49 10% 198/3,119 6%
Total 1992 475 271 57% 23/251 9% 986/20,514 5%

Iringa 1993 2 2 94% 1/2 50% 149/1,054 14%
Kigoma 1993 24 49 209% 3/42 7% 29/490 6%
Mara 1993 16 21 130% 1/21 5% 34/726 5%
Rukwa 1993 29 18 62% 5/18 28%
Ruvuma 1993 74 33 45% 10/33 30% 253/3,515 7%
Singida 1993 5 3 63% 2/3 67% 32/1,022 3%
Tabora 1993 48 36 74% 5/33 15% 87/1,839 5%
Total 1993 197 162 82% 27/152 18% 584/8,646 7%

Total 1,058 731 69% 83/679 12% 3,798/61,932 6%
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TABLE 2. Leprosy patients enrolled and eligible for analysis with their HIV status and
adjusted odds ratios with 95% confidence intervals (CI).

111V+^% 111V+ Total Odds ratio 95% CI

Sex Male 54 13% 416
Female 29 11% 263 1.2 0.8-2.0

Age group 15-34 44 18% 239
35-54 27 9% 296 0.5 0.3-0.9
>54 12 8% 144 0.5 0.3-1.1

Type New 81 13% 647
Relapse 6% 32 0.6 0.1-2.6

Classification PB 59 12% 473
MB 24 12% 206 0.9 0.5-1.5

Residence Rural 59 12% 494
Urban 24 13% 185 0.98 0.6 —1.7

BCG No scar 40 9% 432
Scar 31 20% 157 1.9 1.1-3.3

Total 83 12% 679

ods. A summary of the intake of leprosy pa-
tients by year and per region with the per-
centage of eligible leprosy patients testing
positive for HIV infection is presented in
Table I. For the final analysis patients under
15 years of age, those with a classification
other than new or relapsed, and those pa-
tients with missing information (i.e., dis-
ease classification, age, gender or HIV sta-
tus) were excluded. The characteristics of
the 679 new and relapsed leprosy patients
with complete data are shown in Table 2.

The overall HIV prevalence in leprosy
patients was 12% (83/679). After stratifica-
tion of the leprosy cases no statistically sig-
nificant difference in HIV status could be
shown to exist between sex, type of disease
(new or relapsed after MDT), classification
(PB or MB) or residence (urban or rural dis-
tricts). Patients in the 35-54-year age group
were significantly less likely to have HIV
infection compared to patients between 15
and 34 years of age.

Patients with a BCG scar were nearly
twice as likely to have HIV infection com-
pared to patients without a BCG scar, after
controlling for age, sex, type of disease,
classification and residence.

The HIV prevalence among the total cu-
mulative number of blood donors who were
tested during 1991, 1992 and 1993 in Tan-
zania was 6% (8960/158,971). Using blood
donors as controls, the overall odds ratio for
HIV infection among leprosy patients cal-
culated from a logistic regression model
and controlling for sex, age and residence
was 2.5 (95% confidence interval 2.0-3.2).

A Mantel Haenszel analysis, stratified for
sex, age group and residence, indicated that
this association existed in all strata, with the
strongest association in the I5-34-year age
group. Point estimates of the attributable
risk and the population attributable risk was
57% and 7%, respectively. The results of
these calculations are presented in Table 3.

Separate analyses were not performed for
MB or PB cases because no siimificant dif-
ference could be shown to exist between the
two classifications.

DISCUSSION
This study represents the largest assess-

ment of the impact of HIV infection on lep-
rosy yet undertaken. The results suggest
that HIV infection significantly increases
the risk of leprosy, although in Tanzania
HIV infection appears to account for rela-
tively few additional cases compared with

TABLE 3. Mantel Haenszel (MH) odds
ratios and 95% confidence intervals (CI) of
leprosy cases compared to blood donors as
controls, stratified by sex, age group and
residence.

Odds ratio (N111) 95(3 CI

Sex Male 2.6 1.9-3.4
Female 1.8 1.2-2.6

Age group 15-34 3.6 2.6-5.0
35-54 1.9 1.3-2.8
>54 2.4 1.3-4.5

Residence Rural 2.4 1.9-3.2
Urban 1 . 1 1.4-3.3

Overall 2.5 2.0-3.2
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those which are not HIV associated. How-
ever, there are several possible sources of
bias which should be considered when in-
terpreting the results of this study.

Sampling bias, both by under- and over
reporting of new cases, could have oc-
curred. The enrollment of cases was 69% of
the notified, self-reporting cases in the same
regions during the study period. The rea-
sons for incomplete intake were mostly lo-
gistic, such as late start of the study, trans-
port problems and temporary absence of the
District Tuberculosis and Leprosy Coordi-
nator due to illness. In one district the pa-
tients detected by a school survey were ex-
cluded from the analysis. In some districts
over-sampling occured as a result of includ-
ing leprosy cases diagnosed just before the
start of the study period and following its
conclusion, explaining the higher enroll-
ment than the corresponding quarterly re-
ports would suggest.

Although self-reporting has been consis-
tently the national case detection policy in
Tanzania since 1979, the number of self-re-
porting leprosy cases is only an approxima-
tion of the true incidence of leprosy. The
extent of deformity is correlated with the
time the patient had undiagnosed and un-
treated leprosy. In this study, the disability
grading was not recorded and, therefore, no
comparison could he made between nondis-
abled and disabled patients. A case ascer-
tainment bias could have occurred in favor
of cases with easy access to health services
in urban and less remote rural areas. Be-
cause HIV transmission is higher in urban
areas we, therefore, may have overesti-
mated the true HIV infection in leprosy
cases, although in the analysis we have con-
trolled for residence. In addition leprosy pa-
tients who are feeling sick because of con-
comitant conditions including HIV in-
fection are more likely to attend health
services than relatively symptom free lep-
rosy patients. Likewise, patients with a
higher socioeconomic status are more likely
to have had a BCG vaccination. We could,
however, not control for socioeconomic sta-
tus in either cases or controls.

Based on the results of a study of the HIV
prevalence among blood donors as com-
pared to the general population conducted
in 1991 in the Mwanza region ('), the use of
blood donors as controls is valid, if age, sex

and residence are controlled. However, it is
possible that since 1991 HIV-infected indi-
viduals are increasingly avoiding blood do-
nation. The HIV prevalence among all
blood donors tested in Tanzania was 5% in
1990, 6% in 1991, 5% in 1992 and 6% in
1993, not showing any positive trend. This
bias in estimating the HIV prevalence in
blood donors as controls could not be ruled
out and, if present, would also overestimate
the association between leprosy and HIV
infection. We could not rule out the effect
of false-positive results of testing for HIV
infection by ELISA or Western blot in lep-
rosy as was suggested by one study ( 1)), and
this may have caused a higher HIV sero-
prevalence in leprosy patients. However,
we found no further evidence of this effect
in any of the other published epidemiologi-
cal studies of leprosy. We could not rule out
the effect of bias resulting from the differ-
ent HIV testing strategies between leprosy
cases (ELISA) and blood donors (HIV
check), respectively.

In considering the possible relationship
between HIV and leprosy, one must ques-
tion which of the two infections occurred
first. Both HIV and leprosy infection have
long incubation periods before breaking
down to disease. In addition, leprosy pa-
tients tend to wait a long time before seek-
ing medical advice, often only when defor-
mities and disabilities are already estab-
lished. During this long incubation period, a
leprosy patient would be at equal risk to
contract HIV infection as a normal individ-
ual, unless leprosy would be associated
with higher risk sexual behavior than aver-
age. This is an unknown factor, although in
some reports an association between sexu-
ally transmitted disease, but not HIV, and
leprosy has been shown ( 12 ).

On theoretical grounds it is plausible (")
that the interaction of leprosy and HIV in-
fection would eventually lead to an increase
in leprosy cases because of uninhibited
multiplication of Mycobacterium leprae in
patients with HIV-impaired immunity. This
might result in an atypical presentation of
MB leprosy cases which would remain as
an unrecognized source of infection in the
community, thus increasing the risk of lep-
rosy infection. On the other hand, increased
mortality related to HIV infection during
the long incubation period of leprosy might
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limit the period of infectiousness. This ef-
fect would be greatest in leprosy patients
with the longest inculcation period and,
therefore, could lead to a relative increase
in the notification of (HIV-positive) PB
cases.

In Tanzania we have seen no increase in
the proportion of PB cases, nor in the pro-
portion of MB cases, except during the past
3 years. This slight increase of the propor-
tion of MB cases was probably due to a
1992 change in the case definition of MB
leprosy in Tanzania. The new case defini-
tion of MB leprosy then became "any lep-
rosy patient with a positive skin smear re-
sult or any leprosy patient with 10 or more
lesions." In this study no difference be-
tween HIV seroprevalence among MB or
PB patients could be shown. This lack of
differential association with MB or PB dis-
ease could be explained as a possible lack
of true association.

Over the past 9 years in Tanzania we have
not observed an increase in mortality during
treatment of PB or MB leprosy patients in
the routine cohort reports. The average re-
ported mortality during treatment was 0.8%
among PB leprosy patients and 3.0% among
MB patients. Especially among the MB
cases, who remain under treatment and ob-
servation for a period of 3 years, increased
mortality could well be noted and would be
indicative for increased mortality due to co-
morbidity with HIV infection.

In this study we found that the odds ratio
of having a BCG scar among H1V-positive
leprosy patients, adjusted for sex, age, type,
classification and residence, was 1.9 (95%
confidence interval 1.1-3.3). An explana-
tion for this finding may be that the protec-
tion against leprosy of a previous BCG vac-
cination is lost due to HIV infection. This is
a similar finding as observed among tuber-
culosis patients enrolled in the parallel
study (4) although the magnitude of this as-
sociation found among leprosy patients is
larger than among tuberculosis patients, the
odds ratio of having a BCG scar being 1.4
for tuberculosis patients. This would be
consistent with the finding (j that BCG is
more protective against leprosy than against
tuberculosis. However, as mentioned be-
fore, we could not rule out the influence of
socioeconomic status in relation to BCG
vaccination and HIV infection.

CONCLUSION
Based on the results of this study, HIV in-

fection appears to be associated with lep-
rosy in Tanzania. The study data also sug-
gest that the protective effect against lep-
rosy by BCG vaccination is lessened by
HIV infection.

However, we could not exclude the pos-
sibility that a number of factors may have
biased the observed association, notably the
fact that cases were self-reporting and that
over- and undersampling has occurred. In
addition we were unable to adjust for so-
cioeconomic status and realize the limita-
tions of the use of blood donors as controls.
The lack of differential association of HIV
infection with MB and PB disease points to
a weak association. The epidemiological
data and the low population attributable risk
suggest that the impact of HIV infection on
leprosy in Tanzania was relatively small
during the study period.

The future implication for the epidemiol-
ogy of leprosy in Tanzania is that the num-
ber of new cases is only likely to increase if
the HIV epidemic is accelerating greatly.

This study has entered its second round,
and we suggested to include the recording
of the disability grading of the leprosy pa-
tients in order to be able to adjust for differ-
ences in the latent period in the diagnosis of
leprosy. In addition we recommended to
strictly adhere to the enrollment criteria in
order to reach a more complete coverage.

SUMMARY
Setting: An epidemiological study of the

interaction of leprosy and HIV infection in
Tanzania.

Objective: To establish the prevalence of
HIV infection among leprosy patients, and
to measure the association of HIV and lep-
rosy by comparing the HIV prevalence in
leprosy patients and blood donors.

Design: Testing for HIV infection in con-
secutively diagnosed leprosy patients (new
and relapsed after MDT) in all regions in
Tanzania successively for a period of 3 to 6
months during 1991, 1992 and 1993.

Results: Out of the total estimated eligi-
ble leprosy patients, 697 patients (69%) en-
tered the final analysis. The HIV prevalence
among these leprosy patients was 12%
(83/697) as compared to 6% (8960/
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158,97 I) in blood donors examined in Tan-
zania during the same period. There were
no significant differences in HIV seropreva-
lence by age, sex, residence or type of dis-
ease. However, the adjusted odds ratio
(OR) of the presence of a BCG scar was 1.9
195% confidence interval (CI) 1.1-3.31
among HIV-positive leprosy cases com-
pared to HIV-negative leprosy cases. Com-
paring leprosy cases with blood donors as
controls, the logistic regression model, con-
trolling for sex, age group and residence,
showed the OR for HIV seropositivity
among leprosy patients to be 2.5 (95% CI
2.0-3.2). This association existed in all
strata, but was strongest in the 15-34-year
age group. No difference of HIV status be-
tween multibacillary and paucibacillary
leprosy could be shown to exist. The point
estimate of the population attributable risk
of HIV infection for leprosy was 7%.

Conclusion: HIV infection is associated
with leprosy and might reverse the epidemi-
ological trend of the slow decline in case
notification in Tanzania if HIV infection is
increasing greatly. Previous BCG vaccina-
tion loses its protection against leprosy in
the presence of HIV infection. A repeated
study is recommended in order to validate
these findings, whereby recording of the
disability grading of the cases is necessary
to adjust for delay in diagnosis.

RESUMEN
Se trata de un estudio epidemiolOgico sobre Ia

asociacion entre la lepra y Ia infecciOn por el VIH en
Tanzania.

El objetivo fue el estahlecer la prevalencia de Ia in-
fecciOn por el VIII entre los pacientes con lepra y Ia
mediciOn del grado de asociacion entre las dos enfer-
medades, por comparaciOn de las prevalencias de
VIH en los pacientes con lepra y en donadores de
sangre sanos.

En el estudio se buscO Ia infecciOn por VIH en los
pacientes con lepra de Tanzania (Nuevos y recayentes
despues de Ia poliquimioterapia) por periodos con-
secutivos de 3 a 6 meses durante los anos 1991, 1992
y 1993.

Solo 697 del total de los pacientes elegibles (69%)
entraron en el andlisis final. La prevalencia de VIII en
los pacientes con lepra fue del 12% (83/697), en corn-
paraciOn con el 6% (8960/158,971) encontrado en los
donadores de sangre sanos. No hubieron diferencias
significativas en la prevalencia de IIIV en relation a la

edad, sexo, residencia, o tipo de la enfermedad. Sin
embargo, la probabilidad ajustada, tomando en cuenta
la presencia de una ciczttriz por BCC, fue de 1.9 195%
de intervalo de contianza (IC) 1.1.-3.31 en los pa-
cientes con lepra VIII positives, en comparaciOn con
los pacientes VIII negativos. Por otro lado, Ia com-
paraciOn de los casos de lepra con los individuos sanos
tit ili /and() tin model() de regsesiOn logistico controlado
en cuanto a sexo, edad y residencia, mostr6 que la
probabilidad de seropositividad para VIII entre los pa-
cientes con 1epra fue de 2.5 (95% CI 2.0-3.2). Esta
asociacion existiO en todos los estratos pero fue mds
marcada en el grupo de edad entre 15 y 34 anos. No se
encontro diferencia del estates VIII entre los pacientes
multibacilares y paucibacilares. El riesgo estimado de
Ia poblaciOn a Ia infecciOn por VIII fue del 7%.

Se concluye que la infecciOn por VIII esti asociada
con la lepra y que el incremento de la infecciOn por
VIII podria revertir Ia tendencia epidemiolagica de Ia
haja notificaciOn de casos de lepra en Tanzania. La va-
cunaciOn previa con BCG deja de proteger contra le
lepra cuando ocurre la infecciOn por VIII. Se re-
comienda repetir el estudio para validar estos hallaz-
gos, Rtland() en cuenta las incapacidades de los pa-
ci entes y el grado de las mismas a fin de corregir los
posibles retardos en el diagnOstico.

RESUME
Cadre: Une etude epidemiologique de l'interaction

entre Ia lepre et [infection VIII en Tanzanie.
Object& Etablir la prevalence de [infection VIII

chez les malades de la lepre, et mesurer l'association
entre le VIII et Ia lepre en comparant la prevalence
VIII chez des malades de la lepre et des donneurs de
sang.

Methode: Tester pour [infection VIH chez des
malades de Ia lepre diagnostiques successivement
(nouveaux et rechutes apres PCT) dans tomes les re-
gions de Tanzanie, l'une apres l'autre pendant une
periode de 3 a 6 moil au cours des annees 1991, 1992
et 1993.

Resultats: Du total des patients lepreux estimes eli-
gibles, 697 malades (69%) oat fait panic de [analyse
finale. La prevalence VIH par mi ces malades de Ia
lepre etait de 12% (83/697), en comparaison aux 6%
(8960/158971) chez les donneurs de sang examines en
Tanzanie durant la meme periode. II n'y avait pas de
difference significative dans la seroprevalence du VIH
par age, sexe, la residence ou le type de la maladie.
Cependant, ('odds ratio ajuste (OR) de Ia presence
dune cicatrice de BCG emit de 1.9 [limites de confi-
ance (LC) a 95% 1.1-3.31 parmi les malades de Ia
lepre positifs pour le VIII, compare aux cas de lepre
negatifs pour le VIII. En comparant les cas de lepre
avec les donneurs de sang comma temoins, le modele
de regression logistique, contrOlant pour le sexe, le
groupe doge et la residence, a montre que l'OR pour
la seropositivite au VIII parmi les !naiades de la lepre
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etait de 2.5 (LC 95% 2.0-3.2). Cette association exis-
tail dans tomes les straws, mail etait la plus forte dans
Ic groupe d'äge 15-34 ans. On n'a pas pu montrer
qu'ilexistait tine difference de statut VIII entre la lepre
multibacillaire et lit lepre paucibacillaire. L'estimation
ponctuelle du risque attribuable de [infection VIH
pour Ia lepre etait de 7%.

Conclusion: I: infection VIH est associce a la lepre
et pourrait inVerser la tendance e.pidemiologiqUe de
diminution lente dans Ia notification des cas en Tan-
zanie si [infection a VIII augmente fortement. Une
vaccination anterieure par Ic BCG perd son pouvoir
protecteur en presence d'une infection a VIII. La
repetition de cette etude est recommandee pour valider
ces observations, et l'enregistrement du taus d'inca-
pacite des cas est necessaire pour ajuster pour le Mai
an diagnostic.
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