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In 1895, G. H. Armauer Hansen found
tuberculosis to be the most common cause
of death among leprosy patients in Norway
("). Since that early study, the demonstration of the association of tuberculosis and
leprosy in individuals living in an area endemic for both diseases scarcely has been
documented although it is likely to be common (''). As suggested by many authors,
tuberculosis and leprosy might interact or
interfere with one another (5. '). The objective of this paper is to report the mortality
from tuberculosis and the incidence of tuberculosis in leprosy patients detected between 1902 and 1991 in French Polynesia.
MATERIALS AND METHODS
Background. French Polynesia consists
of five main archipelagoes containing some
130 islands located in the South Pacific between latitudes 8° south and 28° south. It
has a total emerged land area of 4000 square
kilometers in an area of 4 million square
kilometers of ocean. The population was
12,000 in 1902, and increased to 81,000 in
1960 and to 202,000 in 1991. The population is multi-ethnic but most of it is native, and the ethnic origin of the inhabitants
has not significantly changed over the study
period.
Leprosy patients. The first leprosy control activities began with the construction
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of leprosaria: the first two were in Tahiti
and in a remote valley of the Southern Marquesas in 1914; a third one was opened in
1934 in Reao (Tuamotu archipelago). Notification of leprosy cases has been mandatory since 1902. From 1902 to 1946, the
diagnosis of leprosy was based on clinical
examination. Classification of patients according to the type of leprosy [multibacillary (MB) or paucibacillary (PB)] was performed during the 1980s for cases detected
between 1902 and 1946 using the medical
files. Since 1946, the diagnosis also has been
based on biological tests: the lepromin intradermal reaction, the search for acid-fast
bacilli (AFB) in nasal mucosa and skin (earlobes and skin lesions), and a biopsy for
pathological examination. From 1951 to
1982 dapsone monotherapy, prescribed
lifelong for MB patients and for an average
of 10 years for PB patients, was the basis of
treatment. Since 1982, multidrug therapy,
including daily administration of rifampin
10 mg/kg, has been implemented in French
Polynesia. For each new case of leprosy, a
patient form is filled out indicating civil status, date, and place of leprosy detection as
well as the results of clinical, microbiological and pathological examinations, and the
nature and duration of treatment. Each patient is followed up lifelong, and the cause
of death is recorded by a physician. All data
on leprosy patients living in the three leprosaria are centralized in Tahiti, where a
central leprosy register is kept. Case detection rates for leprosy decreased from around
50 per 100,000 in 1902 (important interannual fluctuations were observed during
the beginning of this century) to 25 per
100,000 in 1946 and to 8 per 100,000 in
1991, with an average annual rate of decrease of 2.5% between 1945 and 1991 (3)
and 2% between 1902 and 1991.
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THE TABLE. Mortality from tuberculosis in 673 new leprosy cases detected from 1902

to 1959.

1902-1930
1931-1959
Total

Multibacillary

Paucibacillary

Unknown

Total

18/83
27/263

1/13
5/135

38/179

57/275
32/398

45/346

6/148

38/179

89/673

Tuberculosis patients. A tuberculosis
control program and a register were implemented in 1960. Since the 1950s, multidrug
therapy has been available for tuberculosis
patients. From 1902 to 1945, the diagnosis
of tuberculosis was mainly based on clinical
examination; from 1945 onward radiological examination has been available. Bacteriological examination of sputum samples
(smears and cultures) has been performed
systematically since 1975. All cases notified
by physicians are considered as tuberculosis
cases. Between 1960 and 1991, case-notification rates for tuberculosis decreased dramatically from 568 to 25 per 100,000, an
average annual rate of decrease of 9.6% (10).
Source of data. The data analyzed in this
study come from the leprosy register. This
register was linked with the tuberculosis register for assessment of the incidence of tuberculosis after 1960 in patients with a history of leprosy. We report here 'a) the
mortality from tuberculosis between 1902
and 1959 in leprosy patients, b) the incidence of tuberculosis from 1960 to 1991 in
leprosy patients, and c) the incidence of leprosy from 1960 to 1991 in patients with a
history of documented tuberculosis.
Statistical analysis. Frequencies and
means were compared using standard bivariate analysis. Adjustment for covariates
was performed using analysis of variance.
All p values < 0.05 were considered statistically significant.
RESULTS

From 1902 to 1991, 1023 leprosy patients
(634 males, 389 females) were detected. Of
them, 844 patients could be classified into
the PB or MB categories (357 and 487 patients, respectively). The mean age of patients at detection of leprosy was 27 years
(S.D. 16), significantly lower for MB (25.8)
than for PB (29.8, p < 0.05).
From 1902 to 1959 (before implementation of the tuberculosis register), 673 new

cases of leprosy were detected. Of them, 89
(13.2%) died from tuberculosis, giving a
mean annual death rate from tuberculosis
in leprosy patients of 232 per 100,000. To
date, 29 of the 673 cases are still living (11
MB, 18 PB). Assuming that 50% of the cases
of tuberculosis would die if not treated, it
could be estimated that 178 (26.4%) of the
673 leprosy patients developed tuberculosis.
The Table shows the mortality from tuberculosis in leprosy patients according to
the type of leprosy. Among the 673 leprosy
cases, 179 (27%) could not be classified into
PB or MB categories due to missing data at
the time of classification (loss of the medical
file); these 179 cases were detected before
1931. Among the others, mortality from tuberculosis was more frequent in MB (13%)
than in PB patients (4%), [relative risk (RR)
= 3.21, p = 0.003 (95% confidence interval
(CI) 1.4-7.36)]. Nonclassified patients could
be a source of bias affecting the observed
relation between type of leprosy and mortality from tuberculosis. However, those patients were not classified because of the loss
of their medical files at the time of classification (in the 1980s), and this is unlikely
to be related to the mortality from tuberculosis. Furthermore, during the period
1931-1959, 398 cases of leprosy were detected and all could be classified into the
MB (66%) or PB (34%) categories. Among
them, mortality from tuberculosis was significantly more frequent in MB (10.3%) than
in PB (3.7%) patients (RR = 2.77, p = 0.02,
95% CI 1.09-7.04).
In total, mortality from tuberculosis in
leprosy patients detected between 1901 and
1930 was 20.7% and decreased to 8.04% in
leprosy patients detected from 1931 to 1959.
Mortality from tuberculosis was not related
to gender. The mean age at detection of
leprosy in patients who died from tuberculosis was lower (19.9 years) than that of
the other leprosy patients (24.3 years, p <
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0.05), after adjustment for the type of leprosy. The median length of the interval between leprosy detection and death from tuberculosis was 7.5 (range 0-47) years. This
length of interval was not related to the type
of leprosy.
From 1960 onward, 350 new cases of leprosy were detected (141 MB and 209 PB,
mean age at detection of leprosy 40 years,
S.D. 18). Of them, 5 (1.4%) developed tuberculosis 1 to 23 (median 4.5) years after
detection of leprosy. These 5 cases were MB
patients (4 males, 1 female) who developed
pulmonary tuberculosis (2 sputum-smear
positive, 3 sputum-smear negative and culture positive). In addition, of the 350 cases
of leprosy, 7 (2%) had a previous history of
documented tuberculosis at detection of
leprosy (6 males, 1 female). These 7 patients
suffered pulmonary tuberculosis; all were
sputum-smear negative and culture positive. The median length of the interval between detection of tuberculosis and detection of leprosy was 2 (range 1-9) years. Of
the 7 patients who suffered successively tuberculosis and leprosy, 3 developed MB leprosy and 4 PB leprosy. In total, 12 patients
(3.4%) developed both diseases (8 MB and
4 PB) (RR = 2.96, 95% CI 0.9-9.66, p =
0.07), whatever the sequence of detection
of the two diseases.
DISCUSSION
Our observational study might be considered unsatisfactory because we could
quantify the mortality from tuberculosis in
leprosy patients detected from 1902 to 1959
but could not quantify the incidence of tuberculosis. The mean annual death rate for
tuberculosis of 232 per 100,000 in our leprosy patients can be compared to the mean
annual death rate for tuberculosis in
Czechoslovakia around the year 1900 (about
380 per 100,000 general population) (20) or
to the highest rate ever reported in the world:
653 per 100,000 general population in Alaska natives in 1950 (12). No reliable data on
causes of death are available for French Polynesia for the period 1902-1985, and we
could not compare the mean annual mortality rate of tuberculosis in leprosy patients
to that in the general population. The institutionalization of leprosy patients until
the 1950s probably could result in an increased opportunity for the spread of tu-

berculosis. But, also, one could argue that
mortality rates of tuberculosis in leprosy patients could be of the same magnitude as
mortality rates of tuberculosis in the general
population with a similar socioeconomic
environment. Nevertheless, tuberculosis was
the first cause of death in Polynesian leprosy
patients before implementation, by the end
of the 1950s, of the so-called "100%-successful therapy" for tuberculosis. Such data
are consistent with a study published one
century ago, the results of which indicated
tuberculosis as a main cause of death in
leprosy patients (").
A decrease in detection rates has been
observed for leprosy from 1946 to 1991(i)
and for tuberculosis from 1960 to 1991 (l").
These reductions in detection rates most
likely reflect an improvement in the epidemiological situation for both diseases
rather than a failure of the case-finding
methods. An important economic development has been observed in French Polynesia, but it was not likely to be the only
responsible factor for the improvement of
the leprosy and tuberculosis situations. We
observed in our population of leprosy patients a dramatic decrease in the proportion
of patients who developed tuberculosis between the period 1902-1959 (estimated at
26.4%) and the period 1960-1991 (3.4%).
Such a decrease might be related to the important decline of the tuberculosis situation
since 1960. In the same way, a decrease in
mortality from tuberculosis was observed
in leprosy patients detected between the periods 1901-1930 (20.7%) and 1931-1959
(8.04%), suggesting either an improvement
in the tuberculosis situation before the implementation of a multidrug therapy for tuberculosis or improvement in the living
conditions of the leprosy patients, resulting
in a decrease of the lethal rate of tuberculosis.
Of greater interest is the observation in
leprosy patients that mortality from tuberculosis was more frequent in MB than in
PB patients. This difference in mortality
rates could not be attributed to a difference
in the proportions of MB and PB patients
living in a leprosarium (from 1902 to the
1950s, every one of the known leprosy cases
was institutionalized). Also, the difference
in mortality rates could not be attributed to
a difference in all-cause mortality rates be-
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tween MB and PB patients, since almost all
of them had died when the study was conducted. Death information could vary with
time, according to fashions or to newly
available diagnostic methods, but we could
not identify any systematic reason for a physician to ascertain similar causes of death
differently, according to the type of leprosy.
We also found a higher (but not a significantly higher) proportion of patients developing both lepromatous leprosy and tuberculosis during the second period of study
(1960-1991), the relative odds being close
to those for mortality from tuberculosis in
leprosy patients of the first period. The level
of statistical significance was not reached,
but leprosy and tuberculosis have become
unfrequent conditions in French Polynesia
over time. A lack of power of the statistical
test, due to the small number of patients
involved, could be invoked. Several theories have been raised concerning the interaction between tuberculosis and leprosy. The
first ones suggested an antagonism between
the two diseases (5'15); more recently, Gatner, et al. (9) and Kumar, et al. (14) reported
that leprosy might encourage the development of tuberculosis. However, well known
correlates of leprosy and tuberculosis, such
as poor socioeconomic conditions, certainly
need to be considered. Before the 1960s, the
life style in French Polynesia was rural, and
important differences in access to health services existed among the islands. However,
there was no evidence that a higher proportion of MB cases came from remote islands as compared to the main island.
One might expect some crossprotection
between leprosy and tuberculosis, but it has
been difficult to demonstrate in human populations (4). However, Kaklamani, et al. (13)
found a negative correlation between tuberculosis and the tuberculoid form of leprosy. A defective cellular immunity against
mycobacteria in lepromatous patients could
be a cause of this negative association, but
this has never been demonstrated. Many
studies on protective efficacy of BCG vaccine against the two forms of leprosy have
also given contradictory results: BCG seems
protective only against the nonlepromatous
forms in some studies (1'8), the protection
seemed higher against the lepromatous form
of leprosy in another recent study (19), while
no differences in protection between the two
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types of leprosy have been observed in other
studies (2' '6' 18). One might speculate on the
genetic factors that lepromatous patients
could share, among other factors such as
socioeconomic and ethnic factors, with patients developing tuberculosis ((), those factors inducing a higher susceptibility to both
diseases.
SUMMARY
From 1902 onward, notification and follow up of leprosy patients has been systematic in French Polynesia. Since 1960, a tuberculosis control program and a register
has also been implemented. From 1902 to
1959, 673 cases of leprosy were detected
[346 multibacillary (MB), 138 paucibacillary (PB), and 179 unclassified due to the
loss of medical files by the time of classification which was done during the 1980s].
Of these 673 cases, 89 (13.2%) died from
tuberculosis, giving a mean annual death
rate of tuberculosis in leprosy patients of
232 per 100,000. Mortality from tuberculosis in leprosy patients detected between
1901 and 1930 was 20.7%, and decreased
to 8.04% in patients detected from 1931 to
1959. In total, it was estimated that 26.4%
of the leprosy cases had developed tuberculosis. From 1960 to 1991, 350 new cases
of leprosy were detected (141 MB, 209 PB).
Of them, 12 (3.4%) developed tuberculosis
(7 before detection of leprosy, 5 after detection of leprosy). The dramatic decrease
of the proportion of leprosy patients who
developed tuberculosis between the periods
1902-1959 (26.4%) and 1960-1991(3.4%)
might be related to the important decline of
the tuberculosis situation since 1960. From
1902 to 1959, mortality from tuberculosis
occurred significantly more frequently in MB
patients (13%) than in PB patients [4%, relative risk (RR) = 3.21, p = 0.003]. From
1960 to 1991, the incidence of tuberculosis
seemed more frequent in MB patients (RR
= 2.96, p = 0.07) whatever the sequence of
detection of the two diseases. Our study suggests that lepromatous patients could share
factors of susceptibility to mycobacterial
diseases with patients developing tuberculosis.
RESUMEN
A partir de 1902, la notificaciOn y el seguimiento de
los pacientes con lepra ha sido una prOctica sistematica
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en la Polinesia Franccsa. Desde 1960 tambien se ha
implementado un programa de control y registro para
la tuberculosis. De 1902 a 1959, se descubrieron 673
casos de lepra [346 multibacilares (MB), 138 paucibacilares (PB), y 179 no clasificados debido a la perdida de los archivos medicos correspondientes].
Ochenta y nueve de estos 673 casos (13.2%) murieron
de tuberculosis, dando una mortalidad media anual
por tuberculosis de 232 por 100,000 pacicntes con lepra. La mortalidad por tuberculosis que en los pacientes con lepra descubierta entre 1901 y 1930 fue del
20.7%, disminuy6 al 8.04% en los pacientes descubiertos entre 1931 y 1959. Se calculO que el 26.4% de
los casos de lepra habian desarrollado tuberculosis. De
1960 a 1991, se descubrieron 350 nuevos casos de lepra
(141 MB, 209 PB). De ellos, 12 (3.4%) desarrollaron
tuberculosis (7 antes y 5 despuês de la deteccien de la
lepra). La dramatica disminucien en la proporcien de
pacientes con lepra que desarrollaron tuberculosis entre los periodos de 1902-1959 (26.4%) y de 1960-1991
(3.4%) podria estar relacionada con la importante disminuciOn de tuberculosis observada desde 1960. De
1902 a 1959, la mortalidad por tuberculosis ocurri6
más frecuenternente en los pacientes MB (13%) que en
los PR [4%, riesgo relativo (RR) = 3.21, p = 0.003].
De 1960 a 1991, la incidencia de tuberculosis pareci6
ser más frecuente en los pacientes NIB (RR = 2.96, p
= 0.07), independientemente de la secuencia de detecciOn de las dos enfermedades. Nuestro estudio sugiere
que los pacientes lepromatosos comparten factores de
susceptibilidad a las enfermedades por micobacterias
con los pacientes que desarrollan tuberculosis.
RÉSUMÉ
Depuis 1902, la notification et le suivi des =lades
de la lepre a ete systematique en Polynesie francaise.
Depuis 1960, un programme de lutte contre la tuberculose a egalement ete mis en route, ainsi qu'un registre. De 1902 A 1959, 673 cas de lepre ont etc: datectes
[346 multibacillaires (MB), 138 paucibacillaires (PB)
et 179 sans classification suite A la perte du dossier
medical au moment de la classification, qui fut realisée
dans le annees quatre-vingts]. De ces 673 cas, 89
(13,2%) sont morts de tuberculose, donnant un taux
annuel moyen de mortalite par tuberculose de 232 pour
100.000 chez les malades de la lepre. La mortalitê par
tuberculose chez les lepreux detectes entre 1901 et 1903
êtait de 20,7% et a diminue A 8,04% chez les patients
delectes de 1931 A 1959. Au total, on a estime que
26,4% des malades de la lepre avaient developpe une
tuberculose. De 1960 A 1991, 350 nouveaux cas de
lepre ont ete detectes (141 MB, 209 PB). Parmi ceuxci, 12 (3,4%) ont developpê une tuberculose (7 avant
et 5 apres la detection de la lepre). La diminution spectaculaire de la proportion des malades de la lepre qui
ont developpe une tuberculose entre les periodes 19021959 (26,4%) et 1960-1991 (3,4%) pourrait etre liee
au declin important de la tuberculose depuis 1960.
Entre 1902 et 1959, la mortalite par tuberculose survenait sigificativement plus souvent chez des patients

MB (13%) que chez des patients PB [4%, risque rclatif
(RR) = 3,21, p = 0,003]. De 1960 A 1991, l'incidence
de la tuberculose paraissait plus frequente chez des
patients MB (RR = 2,96, p = 0,07) quel que soit l'ordre
dans lequel les deux maladies avaient ete detectees.
Notre etude suggere que les malades lepromateux pourraient partager avec les patients tuberculeux des facteurs de susceptibilitê aux maladies A mycobacteries.
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