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ABSTRACT
Leprosy patients lack speciÞc cellular immunity against Mycobacterium leprae, but other

immunological functions are thought to be preserved. However, in a leprosy sanatorium in
South Japan between 1982 and 2000, we found that the average age at death of cured lepro-
matous leprosy patients was about 5 yrs younger than that of cured tuberculoid patients;
[male/lepromatous, 76.0 ± 10.0 yrs old vs. male/tuberculoid, 79.7 ± 9.4 yrs old, p = 0.026],
and [female/lepromatous, 78.0 ± 10.5 vs. female/tuberculoid, 85.3 ± 9.8, p = 0.0001]. This
trend was also observed in autopsy records of two other leprosy sanatoria in Japan. In a
prospective study based on their age in 1982, among females in the age group between 60
and 69, lepromatous patients (75.3 ± 6.0 yrs) died earlier than tuberculoid patients (81.0 ±
5.1 yrs) (p <0.01). These Þndings suggest that lepromatous patients have higher risk of death
even in a post-chemotherapy era.

RÉSUMÉ
Les patients souffrant de la lèpre sont démunis d�une immunité à médiation cellulaire

spéciÞquement contre Mycobacterium leprae, alors que le reste des fonctions im-
munologiques sont considérées comme préservées. Cependant, nous avons observé que, en-
tre 1982 et 2000, au sein d�un sanatorium de lèpre du Japon méridional, l�âge moyen de
décès des patients lépromateux guéris était d�environ 5 années de moins que celui de pa-
tients tuberculoïdes guéris ; (patients masculins lépromateux, 76,0 ± 10,0 ans versus patients
masculins tuberculoïdes 79,7 ± 9,4 ans, p = 0,026) et (patientes lépromateuses, 78,0 ± 10,5
versus patientes tuberculoïdes 85,3 ± 9,8 ans, p = 0,0001). Cette tendance était aussi
présente à l�examen de comptes rendus d�autopsie de deux autres sanatoriums japonais.
Dans une étude prospective basée sur des patientes âgées de 60 à 69 ans en 1982, les pa-
tientes lépromateuses ont décédé plus tôt (75,3 ± 6,0 ans) que les patientes tuberculoïdes
(81,0 ± 5,1 ans) (p <0,01). Ces données suggèrent que les patients lépromateux présentent
un plus grand risque de décès, et ceci même à une période qui suit la chimiothérapie.

RESUMEN
Los pacientes con lepra carecen de inmunidad celular especíÞca contra Mycobacterium

leprae pero otras funciones inmunológicas se mantienen preservadas. Sin embargo, en un
estudio realizado en un sanatorio para lepra en el sur de Japón entre 1982 y 2000, encon-
tramos que la edad promedio de muerte de los pacientes con lepra lepromatosa curada fue
aproximadamente 5 años menor que la de los pacientes con lepra tuberculoide curada [hom-
bres lepromatosos, 76.0 ± 10 años vs hombres tuberculoides, 79.7 ± 9.4 años, p = 0.026], y
[mujeres lepromatosas, 78.0 ± 10.5 vs mujeres tuberculoides, 85.3 ± 9.8, p = 0.0001]. Esta
tendencia también se observó en los registros de autopsia en otros dos sanatorios de la lepra
en Japón. En otro estudio prospectivo realizado en mujeres de 60 a 69 años en 1982, se en-
contró que las pacientes con lepra lepromatosa (75.3 ± 6.0 años) murieron más temprana-
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In Japan, after the introduction of dia-
phenylsulfone (dapsone) monotherapy in
1940�s and WHO/MDT regimens in 1980�s
(1), most leprosy patients were clinically
cured. However, many of them have seque-
lae, such as deformities of extremities or
face and/or blindness (2), and most of them
are still living in Hansen�s disease hospi-
tals/sanatoria. Patients having active lesions
are extremely rare today.

Leprosy patients show low immunologi-
cal response to eliminate Mycobacterium
leprae, but other immunological responses
are considered to be well preserved. Ridley
and Jopling classiÞed leprosy into Þve
types (3). Lepromatous patients present Th2
dominant response, and have many bacte-
rial loads, many skin eruptions, and wide
damage of peripheral nerves in the skin. Tu-
berculoid patients show Th1 dominant T
cell response and have relatively stronger
protective immunity to M. leprae (4), and
have less skin eruptions and limited areas of
nerve damage. Leprosy is basically a non-
lethal disease in both disease types; how-
ever, while analyzing the causes of death in
a leprosy sanatorium (Hoshizuka-Keiaien),
we found that the average age at death is
younger in cured lepromatous patients than
that of cured tuberculoid patients. In this
study, we tried to reveal the reason for this
difference.

MATERIALS AND METHODS
Until the abolition of the Leprosy Segre-

gation Act in 1996, many leprosy patients
were obliged to stay in national sanatoria in
Japan, but several patients were allowed to
be discharged during that time. Medical
records of inpatients of the National Sana-
torium Hoshizuka-Keiaien in Kanoya,
Kagoshima, located in the southern part of
Japan, were reviewed and a basic computer
database was established in 1982. In 1982,
there were 751 patients. They were fol-
lowed up until 2000, and their death records
were analyzed. Age at 1982, age at admis-
sion, age at death (between 1982 and 2002),
gender, type of the disease, blindness, and
Mitsuda�s skin reaction were analyzed. In

this study, types of leprosy were simply
classiÞed as lepromatous or tuberculoid, the
former includes polar lepromatous (LL),
borderline lepromatous (BL), and mid-
borderline lepromatous (BB) while the lat-
ter includes borderline tuberculoid (BT)
and polar tuberculoid (TT), according to the
Ridley and Jopling classiÞcation (1). A
small number of cases were classiÞed as
borderline type not otherwise speciÞed.

A summary of autopsy results has been
published in Japan every year (5). The pub-
lished data of two other national leprosy
sanatoria Tama-Zenshouen, Tokyo and Oku
Komyo-en, Okayama between 1982�2000
were compared with the autopsy results of
Hoshizuka-Keiaien.

RESULTS
ProÞle of patients in Hoshizuka-

Keiaien in 1982. In 1982, there were 518
patients with lepromatous leprosy (LL, BL
and BB; male, 338; female, 180), 223 pa-
tients with tuberculoid leprosy (BT and TT;
male, 91; female, 132), and 10 patients of
borderline not otherwise speciÞed (male, 4;
female, 5) in the National Sanatorium
Hoshizuka-Keiaien. Among them, 205 lep-
romatous patients (male, 146; female, 59),
107 tuberculoid patients (male, 9; female,
58) and 1 patient of borderline not other-
wise speciÞed (female) died before the end
of 2000. In total, among 751 patients, 311
patients (41.4%) died in 18 yrs. Cases of
borderline not otherwise speciÞed are ex-
cluded from the following analyses.

Age distribution (in yrs) of lepromatous
and tuberculoid patients for both genders in
1982 was analyzed. As shown in Table 1,
male patients with tuberculoid leprosy
(63.3 ± 9.9) were 3.7 yrs older than male
patients with lepromatous leprosy (59.6 ±
10.3) (p <0.01 by Mann-Whitney�s U-test).
Also, female patients with tuberculoid lep-
rosy (64.7 ± 12.7) were 5.8 yrs older than
female patients with lepromatous leprosy
(59.6 ± 10.3) (p <0.005 by Mann-Whitney�s
U-test).

Data of age at the onset of leprosy were
difÞcult to obtain in many cases, thus their

mente que las pacientes con lepra tuberculoide de la misma edad (81.0 ± 5.1 año) (p <0.01).
Estos resultados sugieren que los pacientes lepromatosos tienen mayor riesgo de muerte aun
en la era de la post-quimioterapia.
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age at the Þrst admission to leprosy sanato-
rium was analyzed. Among the 741 cases in
1982, data of 532 cases (71.8%) were avail-
able. As shown in Table 2, male patients
with tuberculoid leprosy (29.3 ± 11.6) ad-
mitted almost at the same age as male pa-
tients with lepromatous leprosy (29.6 ±
12.0) (not statistically signiÞcant). Also, fe-
male patients with tuberculoid leprosy
(29.2 ± 14.3) admitted almost at the same
age as female patients with lepromatous
leprosy (26.9 ± 12.7) (not statistically sig-
niÞcant).

Age at death in Hoshizuka-Keiaien be-
tween 1982 and 2000. As shown in Table
3, the age (yrs) of the patients at their
deaths were male/lepromatous, 76.0 ± 10.0;
male/tuberculoid, 79.7 ± 9.4; female/lepro-
matous, 78.0 ± 10.5; female/tuberculoid,
85.3 ± 9.8. Their average age of death was
3.9 yrs higher in male/tuberculoid than in
male/lepromatous patients (p = 0.026), and
it was 7.3 yrs higher in female/tuberculoid
than in female/lepromatous patients (p =
0.0001) by Student�s t test. In addition, the
age of death in female/lepromatous patients
was 5.6 yrs higher than in male/leproma-
tous patients (p = 0.003).

The age at death based on their age at
1982 was analyzed, which is shown in
Table 4. In most age groups of both gen-
ders, patients with lepromatous and tuber-
culoid leprosy died almost at the same age.
However, female lepromatous patients in
the age group between 60 and 69 died (75.3
± 6.0) 5.7 yrs earlier than female tubercu-

loid patients (81.0 ± 5.1) (p <0.01 by Mann-
Whitney�s U test).

Age of death in three sanatoria�
analysis of autopsy record. An autopsy
was performed when permission was ob-
tained, irrespective of the patients� age or
cause of death. At Hoshizuka Keiaien, a to-
tal of 168 cases of autopsy were done from
1982 to 2000. Lepromatous patients were
106 (male, 75; female, 31) and tuberculoid
patients were 62 (male, 30; female, 32). At
Oku Komyo-en in Okayama, 104 cases of
autopsy were done in the same period. Lep-
romatous patients were 65 (male, 54; fe-
male, 11) and tuberculoid patients were 39
(male, 22; female, 17). At Tama-Zenshoen
in Tokyo, 119 autopsies were done in the
same period. Lepromatous patients were 92
(male, 62; female, 30) and tuberculoid pa-
tients were 27 (male, 13; female, 14). As
shown in Table 5, the average age at death
was about 5 yrs higher in tuberculoid pa-
tients than that in lepromatous patients (p
<0.001 by t test), despite the fact that aver-
age age at death was different among the
three sanatoria (e.g., lepromatous in
Hoshizuka-Keiaien, 76.3 yrs; lepromatous
in Oku Komyo-en, 72.2 yrs).

Analysis of other risk factors. In order
to Þnd out risk factors of death other than
leprosy types in Hoshizuka-Keiaien, sev-
eral studies were performed. First, status of
lepromin test (Mitsuda�s skin reaction (6))
and age at death were compared for both
genders. Lepromin test was performed at
various periods and recorded as nodule size

TABLE 1. Age distribution at 1982 (Hoshizuka-Keiaien).

Lepromatous leprosy Tuberculoid leprosy

No. of cases Age at 1982 No. of cases Age at 1982

Male N = 338 59.6 ± 10.3* N = 91 63.3 ± 9.9*
Female N = 180 58.9 ± 11.3** N = 132 64.7 ± 12.7*

*p <0.01 by Mann-Whitney�s U test.
**p <0.005 by Mann-Whitney�s U test.

TABLE 2. Age at admission to Hoshizuka-Keiaien.

Lepromatous leprosy Tuberculoid leprosy

No. of cases Age at admission No. of cases Age at admission

Male N = 243 29.6 ± 12.0 N = 57 29.3 ± 11.6
Female N = 137 26.9 ± 12.7 N = 95 29.2 ± 14.3

Among the 741 cases in 1982, data of 532 cases (71.8%) were available.
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(large × small diameter in mm), from which
average diameter was calculated. As shown
in Table 6, the average age of death of male
patients with strong positive skin reaction
(nodule size ≥ 5 mm) was 78.0 ± 10.5 yrs,
and that of completely negative skin reaction
was 76.2 ± 11.1 yrs. Average age of death of
female patients with strong positive skin re-
action was 84.3 ± 10.7 yrs, and that of com-
pletely negative skin reaction was 81.1 ±
10.7 yrs. The age at death of patients with
strong lepromin tests tended to be higher
than that of those with negative lepromin
tests, but it was not statistically signiÞcant.

Second, blindness and the age at death
were analyzed. As shown in Table 7, the
frequency of blindness was signiÞcantly
lower in patients with tuberculoid leprosy
than in patients with lepromatous leprosy,
both for male (tuberculoid, 5.5%; leproma-
tous, 29.4%, p <0.001 by Chi-square test)
and female (tuberculolid, 6.8%; leproma-
tous, 25.2%, p <0.001 by Chi-square test).
On the other hand, as shown in Table 8, the
average age at death of male blind patients
(82.2 ± 6.3 yrs) was higher than that of
male non-blind patients (74.5 ± 11.0 yrs) (p
<0.0001 by Student�s t test), and average
age at death of female blind patients (86.3 ±
11.3 yrs) showed higher tendency than that

of female non-blind patients (82.1 ± 9.6
yrs) (statistically not signiÞcant).

DISCUSSION
Furuta, et al. reported an analysis of au-

topsy cases in a Japanese leprosy sanatorium
Oku Komyo-en (7). Their study focused on
the malignant diseases, and they did not
mention the difference of age at death be-
tween lepromatous and tuberculoid cases.

Before starting this study, we did not ex-
pect that cured tuberculoid leprosy patients
live longer than lepromatous patients. How-
ever, the average age at the time of death
between 1982 and 2000 was approximately
5 yrs (male, 3.7 yrs; female, 7.3 yrs) older
in tuberculoid patients than lepromatous pa-
tients in Hoshizuka-Keiaien. This tendency
was also observed in the other two leprosy
sanatoria�s autopsy records of the same pe-
riod, including Oku-Komyoen where Fu-
ruta, et al. (7) studied. The average age at
death per se was different among the three
sanatoria, but overall the age at death was
approximately 5 yrs older in tuberculoid pa-
tients than in lepromatous patients.

For both genders, the older age distribu-
tion of tuberculoid patients at the beginning
of this retrospective cohort study in 1982
was the most inßuential factor for the older

TABLE 3. Age at death (Hoshizuka-Keiaien 1982�2000).

Lepromatous leprosy Tuberculoid leprosy

No. of cases Age at death No. of cases Age at death

Male N = 146 76.0 ± 10.0* N = 49 79.7 ± 9.4*a

Female N = 59 78.0 ± 10.5** N = 58 85.3 ± 9.8**a

*p = 0.026 by Student�s t test.
**p = 0.0001 by Student�s t test.
a p = 0.003 by Student�s t test.

TABLE 4. Age at death (1982�2000) in each age group at 1982.

Male Female

Age group at Lepromatous leprosy Tuberculoid leprosy Lepromatous leprosy Tuberculoid leprosy

1982 (year) No. of Average No. of Average No. of Average No. of Average
death/ age at death/ age at death/ age at death/ age at
total death total death total death total death

40�49 8/41 56.6 0/6 � 3/20 61.3 1/10 55.0
50�59 25/111 67.2 9/28 65.9 9/64 68.4 4/36 66.8
60�69 60/110 77.2 16/34 76.7 19/53 *75.3* 12/36 *81.0*
70�79 43/58* 83.9 14/16 85.1 24/29 85.4 23/28 84.7
80�89 5/5* 89.0 7/7 89.3 2/2 90.0 14/14 93.5

*p <0.01 by Mann-Whitney�s U test.
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age at death in the tuberculoid group. Here,
we postulate three possibilities as the cause
of such differences and discuss the hypoth-
esis for each.

First, the difference of age distribution
may be due to the younger onset of lepro-
matous leprosy than that of tuberculoid lep-
rosy. In Japan, Ozaki and Tomoda (8) and
Ishii, et al. (9) reported surveys of newly di-
agnosed cases, but they did not analyze the
age distribution of the two types of the dis-
ease. In an epidemiological study per-
formed in Andhra Pradesh, India, de Vries
and Perry (10) reported that the peak of lep-
rosy prevalence and incidence for both tu-
berculoid and lepromatous cases was in the
age group 35�44 yrs, and both males and
females showed similar age distribution. In
this study, we could not obtain reliable data
concerning the age at the onset of the dis-
ease, but the age at admission was available
in 71.4% of the patients, and they Þrst en-
tered the sanatorium in late 1920�s in both
disease types and gender groups. Thus, this
possibility seems unlikely.

Second, we suspected that some socio-
economic factors have biased the age distri-
bution of patients living in leprosy sanato-
ria. Even if the original age distribution
between tuberculoid and lepromatous pa-

tients were the same in leprosy sanatoria
before 1982, young tuberculoid patients
having only mild deformities could be dis-
charged and make their own living more
easily than young lepromatous patients.
This should result in a decrease of young
tuberculoid patients and a shift to older age.
If this hypothesis is correct, the tuberculoid
group should show a narrower range of age
distribution than that of the lepromatous
group. However, as shown in Table 1, the
standard deviation of age was almost iden-
tical in both male (tuberculoid, 9.9; lepro-
matous, 10.3) and female (tuberculoid,
12.7; lepromatous, 11.3) groups. Thus, we
could not prove this hypothesis. On the
other hand, immunological parameters,
other than clinical classiÞcation of leproma-
tous and tuberculoid leprosy, were looked
for. For this purpose, lepromin skin reaction
was selected, which is still an indicator of
host�s cellular immunity against M. leprae.
The Lepromin test is usually graded as nega-
tive (0 mm), ± (0.1�2.9 mm), positive (3.0�4.9
mm) and strongly positive (5 mm or larger).
Negative and strongly positive groups were
compared for their age at death, and the lat-
ter group showed a tendency of higher age
(1.8 yrs for male and 3.2 yrs for female),
but it was not statistically signiÞcant. We do

TABLE 6. Age at death and Lepromin test (Hoshizuka-Keiaien 1982�2000).a

Lepromin negative* Lepromin positive**

No. of cases Age at death No. of cases Age at death

Male N = 92 76.2 ± 11.1 N = 42 78.0 ± 10.5
Female N = 35 81.1 ± 10.7 N = 42 84.3 ± 10.7

a 211 cases with completely negative or strongly positive Mitsuda�s skin reaction were extracted for comparison.
* No cutaneous nodule 2 weeks after injection of Mitsuda�s reagent.
**Cutaneous nodule 5 mm in diameter or larger 2 weeks after injection.

TABLE 5. Age at death in 3 sanatoria in Japan (Autopsy cases 1982�2000).

Lepromatous leprosy Tuberculoid leprosy

Sanatorium No. of cases Age at death No. of cases Age at death

Hoshizuka-Keiaien N = 106 76.3 ± 10.2* N = 62 81.5 ± 11.0*
Oku Komyo-en N = 65 72.2 ± 9.6** N = 39 779 ± 8.6**
Tama-Zenshoen N = 92 74.4 ± 9.6a N = 27 79.8 ± 9.5a

Total N = 263 74.3 ± 9.7b N = 128 80.2 ± 9.6b

*p <0.001 by Student�s t test.
**p <0.001 by Student�s t test.
a p <0.001 by Student�s t test.
b p <0.001 by Student�s t test.
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not think that our clinical diagnosis of lep-
romatous and tuberculoid types was inade-
quate, instead, lepromin test provided us
limited information for the integrated clini-
cal classiÞcation of leprosy.

Third, the difference of age distribution
may be the result of a higher death rate in
lepromatous patients. Leprosy itself is basi-
cally a non-lethal disease, but acute laryn-
geal obstruction in leprosy reaction could
be a cause of death, especially before the
introduction of dapsone therapy (11). In the
observation period between 1982 and 2000,
a small number of cases with erythema
nodusum leprosum (ENL) were encoun-
tered in our study, but they were well con-
trolled and there was no acute renal failure
or laryngeal edema due to ENL. By the 6 yr
follow up in South India between 1962 and
1968, Noordeen demonstrated that lepro-
matous cases in the Þeld had a mortality of
about 3.5 times that of the general popula-
tion and twice that of non-lepromatous
cases (12). But he also found that leproma-
tous cases admitted into the sanatorium had
a death rate very close to that of the general
population. Similarly, Oleinick demon-
strated that in the U.S. Public Health Ser-
vice Leprosarium in Carville between 1939
and 1963, the mortality risk of patients with
both types of leprosy was normal (13). Be-
cause of the good nursing care in Japanese
leprosaria, at least after 1982, malnutrition
due to deformity was not observed. Male

blind patients lived 7.7 yrs longer than male
non-blind patients. Therefore, the possibil-
ity of poor nutritional status due to blind-
ness was not observed. However, a shorter
life expectancy of females with leproma-
tous leprosy than that of those with tubercu-
loid leprosy in the age group 60�69 in 1982
was demonstrated in our present study.
Lepromatous patients have more deformi-
ties of the face, nose, or mouth, which may
increase respiratory tract infection. Also,
hand and foot ulcers can cause abscess and
osteomyelitis followed by sepsis, but sepsis
due to planter ulcers was not the cause of
death in this period. Although as much as
25% of lepromatous patients were skin
smear positive in Hoshizuka-Keiaien be-
cause of inadequate control in 1970�s, it be-
came 3% in 1991 (14) and almost zero in
2000. Dementia due to reduced activity re-
lated to deformity would cause younger
death in lepromatous patients (15). At the
moment, it seems reasonable to suggest that
lepromatous patients have a higher risk of
death even in the post-chemotherapy era.

In this study, we could not clarify
whether different immune status between
lepromatous and tuberculoid patients di-
rectly affected their life span. Furuta, et al.
(7) showed that malignant tumors were
found in 31.5% of lepromatous cases and in
38% of tuberculoid cases in Oku Komyo-
en. On the contrary, Tokudome, et al. (16)
demonstrated that deaths from total malig-

TABLE 7. Blindness at 1987 (Hoshizuka-Keiaien).a

Lepromatous leprosy Tuberculoid leprosy

Not blind Blindb Not blind Blindb

Male 173/245 (70.6%) 72/245 (29.4%)* 52/55 (94.5%) 3/55 (5.5%)*
Female 101/135 (74.8%) 34/135 (25.2%)** 82/88 (93.2%) 6/82 (6.8%)**

a Among the 741 cases in 1982, data of 523 cases (70.6%) at 1987 were available.
b WHO disability grade 2 (3 grading system, 1987) for both eyes.
*p <0.001 by Chi-square test.
**p <0.001 by Chi-square test.

TABLE 8. Age at death and blindness (Hoshizuka-Keiaien 1982�2000).a

Not blind Blind

No. of cases Age at death No. of cases Age at death

Male N = 42 74.5 ± 11.0* N = 34 82.2 ± 6.3*
Female N = 31 82.1 ± 9.6* N = 14 86.3 ± 11.3*

a WHO disability grade 2 (3 grading system, 1987) for both eyes.
*p = 0.0001 by Student�s t test.
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nant neoplasms were higher than expected
among patients with lepromatous leprosy
for both sexes, whereas they were lower
than expected among tuberculoid patients in
Kikuchi Keifu-en. Further detailed analysis
of malignant neoplasm in both types of the
disease in Hoshizuka-Keiaien is necessary
in order to answer this question.

After the introduction of the WHO/MDT
regimen, leprosy has become a curable
disease. But if life expectancy is different
between the disease types in cured leprosy
patients like Japan, it should be carefully
followed up after the release from control.
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