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Leprosy reactions are acute emergencies
in the otherwise generally indolent course
of human infection with Mycobacterium
leprae, and account for substantial morbidity, hospitalization, and difficulty in clinical
management of leprosy ( 2, 22, 24 ) . Two types
of reaction are clinically differentiated: type
1 reactions, often called "reversal reactions" (RR), appear as exacerbations of preexisting lesions, and arc accompanied by
systemic symptoms; type 2 reactions, otherwise known as erythema nodosum leprosum (ENL), are characterized by the sudden
appearance of crops of tender, erythematous nodules in areas of the body that had
not necessarily been involved previously
(I I. 16) .

Although leprosy reactions have been the
subject of several clinical and laboratory in, 14 , 22 ,
vestigations ( 21 9, 12)
their etiologies are
unknown and their pathogenesis poorly understood. Several studies indicate that type
1 reactions are associated with activation of
the cellular immune system (I. 27, 30, 343) but
the stimulus for this activation is not known.
Type 2 reactions are generally considered
to be immune complex phenomena ( 32 ), although much evidence suggests that circulating complexes are not responsible (Is. 29 )
and available data are consistent with but
do not convincingly implicate tissue-derived complexes ( 4 . 20 ).
To learn more about the epidemiology of
leprosy reactions, we therefore examined
,
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their occurrence in a longitudinal, prospective study of newly diagnosed leprosy patients. We sought particularly to determine
whether temporal variables in the early
course of the disease (including age of onset,
duration of illness prior to reaction, age of
first reaction, etc.) were associated with a
risk of either reaction.
MATERIALS AND METHODS
Study subjects were enrolled from those
patients presenting for initial diagnosis at
the clinics of the McKean Rehabilitation
Institute, Chiang Mai, Thailand. Patients
who had been previously diagnosed and
treated at other facilities were excluded; all
newly diagnosed patients were considered
eligible for study except those occasional
patients from "hill tribes," for whom no
suitable translators were available or who
lived at great distances and could not be
suitably followed. Patients with reactions at
the time of diagnosis were included in the
study. Otherwise, the outcome endpoint was
considered to be the first type 1 or type 2
reaction experienced by each patient.
Enrollment began in the fall of 1984 and
continued until the fall of 1989. Follow-up
continued through fall 1992, so that each
patient was followed a minimum of 3 years.
Initial histories by both the research team
and the attending physicians documented
the patient's year of birth and age at onset
of first leprosy symptoms. A representative
lesion was biopsied in each patient; each
was classified as to clinical category of leprosy, according to the five-part scale of Ridley and Jopling ( 19 ), based on clinical and
histologic criteria.
All patients were given standard multiple
drug therapy (MDT): 100 mg dapsone daily,
100 mg clofazimine every other day, and
1.2 g of rifampin monthly in two consecutive doses (if multibacillary), or dapsone and
rifampin (if paucibacillary). Treatment was
usually continued until patients were skin559
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FiG. I . Distribution of reactions among leprosy patients. The distribution of incident, medically observed
reactions is indicated in the cohort of I7(1 new patients
according to sex and leprosy classification I IN = indeterminate). Ii = All patients of each classification in
the cohort: 0 type I reaction: l -= type 2 reaction.

smear negative for multibacillary (MB) patients, and for at least 6 months for paucibacillary (P13) patients. Patients were seen
at regular intervals, usually every 1 or 2
months, and were encouraged to come to
the clinic or hospital if they experienced
worsening of local or systemic symptoms.
All reactions documented in this study
were severe enough to warrant hospital admission. An attempt was made to biopsy
all reaction lesions. However, due to the
different durations of reactions before diagnostic presentation and the lack of uniform criteria for histologic diagnosis, diagnosis of reactions was ultimately based on
the clinical appearance of characteristic lesions of type 1 or type 2 reactions. Type 1
reactions were diagnosed when existing borderline lesions became inflamed, i.e., erythematous, swollen or raised, and tender,
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combined with pain and/or tenderness of
involved peripheral nerves. The degree of
systematic involvement varied, but most
had low-grade fever with or without malaise. In patients who originally presented
without type 1 reactions, these findings represented definite changes from the patient's
previous status. Type 2 reactions were diagnosed when small, inflammatory, red,
swollen and highly tender nodules developed suddenly in the skin or subcutis, accompanied by fever and malaise. Most of
these patients also had a mild leukocytosis
and acute neuritis, with one or more of the
following: arthritis, orchitis, iritis, myalgia,
and peripheral edema.
Patients with reactions were given standard treatment with corticosteroids and/or
thalidomide as considered appropriate in
individual cases by the attending physicians, and their MDT regimen for leprosy
was not interrupted. All medication, as well
as the progression and regression of signs
and symptoms, were charted on flow sheets
especially designed for the study. Immunologic studies of reactions in the patients
reported here have been published previousl y (3, 17, 26, 27)
.

Statistical comparisons of proportions
were made using the two-tailed chi-squared
test with Yates' correction for continuity.

RESULTS
A total of 176 patients were prospectively
enrolled in the study between 1984 and
1989. The distribution of patients by classification of leprosy was as follows: 55 LL,
64 BL, 16 BB, 31 BT, 9 TT, and 1 indeterminate. When this distribution was further
categorized by sex (Fig. 1), the preponder-

TABLE 1. Frequency of occurrence of reactions in leprosy.a
LL

13L

1313

BT

M

F

Total

M

F

Total

M

F

Total

M

F

Total

All
class.

Type I (RR)
At risk
Frequency (%)

0

0

0

16
46
35,

I0
18
56

26
64
41

2
I0
20

3
6
50

5
16
31

3
25
12

1
6
17

4
31
13

35
111
32%

Type 2 (ENL)
At risk
Frequency (%)

23
42
55

6
12
50

29
54
54

11
46
24

4
18
22

15
64
23

0

0

0

0

0

0

44
118
37%

Reaction type

Data regarding type 1 (RR) and type 2 (ENL) reactions are presented according to clinical category of leprosy
and sex of the patients from a cohort of 174 new patients seen at McKean Rehabilitation Institute, Chiang Mai,
Thailand, from 1984-1989 and followed for a minimum of 3 years. No reactions were seen in 1 indeterminate
or 9 TT patients.
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TABLE 2. Occurrence of type I (RR) reactions in males and females, by age at onset of

leprosy.

Decade of
onset of
leprosy

Total
males
at risk

Total
males
affected

% Males
affected

Total
females
at risk

1
2
3
4
5
6+
Total

4
15
23
17
7
15
81

2
3
4
5
3
4
21

50
20
17
29
43
27
26

1
6
6
4
6
7
30

ance of males and of MB patients is evident,
as previously documented in this population. One patient in our cohort, a 28-yearold male with LL disease, died soon after
diagnosis of an apparent dapsonc reaction,
and he is not included in the calculations of
the incidence of leprosy reactions since the
duration of follow up was only a few months.
None of the remaining 175 patients was lost
to follow up during the study.
The study cohort equalled 45% (176) of
the 388 new, untreated patients registered
at McKean during the study interval, including 79% of 171 MB (LL-BB) patients
and 32% of 97 BT patients. Twenty-three
of the new patients at McKean were indeterminate, of whom one was enrolled in our
study. This sample thus may underestimate
reactions in BT patients, but approximates
the total population of new MB patients in
this population, whose greater acceptance
of a brief hospital admission (for related
immunologic studies) may have led to increased enrollment. Despite the different
proportions of study volunteers in each
group, a review of medical records of parTABLE 3. Frequency of occurrence of type
2 (ENL) reactions by age at onset of leprosy.
Decade of onset
of leprosy
1
3
4
5
6
>6
Total

No.
affected

Total
at risk

Affected
per onset
decade

0
12
12
12
5
3
0
44

3
17
36
24
16
13
9
118

0
71
33
50
31
23
0
37

Total % Females Total no. Total no.
females
affected^at risk^affected
affected
0
2
4
I
3
4
14

—
33
67
25
50
57
47

5
21
29
21
13
22
111

2
5
8
6
6
8
35

Total °/o
affected
40
24
28
29
46
36
32

ticipating and non-participating patients in
each clinical group revealed no differences
in age, gender, occupation, area of residence, or severity of leprosy, except for patients excluded because of inaccessibility to
follow up.
Of the 175 patients followed, 79 (45%)
developed one or more reaction; 35 developed type 1 reactions and 44 developed type
2 reactions. Two patients developed both
type 1 and type 2 reactions. Two additional
patients who developed severe neuritis not
associated with typical reaction skin lesions
were excluded from analysis because the basis for their neuritis could not be clearly
determined.
The incidence of reactions in this cohort
of new patients, unadjusted for duration of
follow up, indicates the association of type
1 reactions with borderline patients, and of
20
S 15

to
Lri

:

0

9-14^15-19^20-29^30-39^40-49^50-59^>59
Age at Onset of Leprosy

FIG. 2. Mean duration of leprosy before diagnosis
and treatment (MDT). The duration of leprosy (in years)
was determined by careful history at the time of diagnosis; MDT was initiated at diagnosis. Dates are
shown according to age at onset of leprosy.
patients who developed ENL; --- = patients who did
not develop ENL. The two curves are not statistically
different.

562^

International Journal of Leprosy^

1994

TABLE 4. Incidence of type 2 (ENL) reactions, by age of leprosy onset and duration of
leprosy before and after initiation of treatment, per 100 person-years.

Age at leprosy
onset

9-14
15-19
Total, 9-19
20-29
30-39
40-49
50+
Total, 20+

No.

Person-^No.^Inci-^Person-^No.^Inciyears ENL dence years type 2 dence
leprosy cases of type 2 followed reaction type 2
pre-Rx' pre-Rxh pre-Rx post-Rxc post-Rx post-Rx

20

103
51
154

0
4
4

36
24
16
22
98

160
97
37
43
337

3
7
0
0
10

8
12

7.8
2.6
1.9
7.2

3.0

Total
person- Total
years type 2
followed

Total
incidence
type
2/100
personyears

41.1
58.7
98.8

1
7
8

2.4
11.9
8.1

144.1
109.7
253.8

1
11
12

0.7
10.0
4.7

165.0
132.1
78.3
119.8
490.2

9
5
5
3
22

5.5
3.8
6.4
2.5
4.5

325.0
229.1
110.3
162.8
827.2

12
12
5
3
32

3.7
5.2
4.5
1.8
3.9

Person-years of leprosy pretreatment is defined as the number of individuals multiplied by the number of
years during which they had leprosy before treatment.
h Type 2 reaction pretreatment refers to observed reactions in patients at the first presentation to the clinic,
i.e., those who had a reaction before they received treatment.
Post-Rx refers to the time after initiation of treatment.
" Number of patients with at least one type 2 reaction.

type 2 reactions with LL and I3L patients
(Table 1). Thirty-two percent of patients at
risk for type 1 reactions (i.e., borderline patients, BL-BB-BT) developed this reaction,
and 37% of patients at risk for type 2 reactions (i.e., MB patients, LL and BL) developed this reaction.
Also noteworthy is the greater risk for
type 1 reactions in female patients, 47% vs
26% overall, which appears independent of
clinical category (Table 1). Analysis of the
frequency of type 1 reactions by age at onset
of leprosy shows that the increased occurrence is seen in women with onset ofleprosy
at all ages (Table 2). These findings were not
confounded by duration of leprosy prior to
diagnosis (data not shown).
The development of type 2 reactions appears to be predicted by the age of onset of
leprosy rather than by patient age at the time
of the reaction (Table 3). Unadjusted for
duration of follow up, patients whose first
symptom occurred during adolescence had
a much greater frequency (71%) of experiencing a type 2 reaction than patients whose
onset of leprosy occurred after adolescence
(p <0.05, chi-squared with Yates' correction). That the association of age of leprosy
onset and the occurrence of type 2 reactions
was not an artifact of differential follow up
is demonstrated by person-year incidence

calculations: the risk of type 2 reactions for
persons who had leprosy onset before age
20 was greater than for persons who had
leprosy onset in adulthood, a difference that
appeared to be largely due to greatly increased risk in persons with onset between
15 and 19 years of age (10.0 cases per 100
person-years of follow up, Table 4).
The increased frequency of type 2 reactions in patients with leprosy onset in the
second decade of life was not due to longer
duration of illness prior to diagnosis (Fig.
2) nor to total duration of illness (prediagnosis plus postdiagnosis follow up, Table
4). In fact, a shorter disease course before
diagnosis in persons with leprosy onset before age 20 was associated with development of a type 2 reaction (Fig. 2).
The MDT regimen used appears to have
had little effect on the occurrence of reactions (Table 4) when comparing patients who
had reactions on admission (i.e., before
treatment) to patients experiencing reactions only after starting treatment. No difference was seen in the occurrence of type
1 reactions in these two groups of patients.
However, type 2 reactions were prevalent
in 14/118 (12%) of at-risk patients on admission, but after starting MDT type 2 reactions developed in 30 (25%) of these atrisk patients (Table 4). These data provide

62, 4^ Scollard, et al.: Leprosy Reactions^
no evidence that treatment either protects
or precipitates type 2 reactions in patients
at risk.
Recurrence of type 1 and type 2 reactions
followed different patterns. The majority of
patients (34/44) with type 2 reactions had
multiple episodes of reaction, while only a
minority of patients (11/25) with type 1 reactions had multiple episodes (Table 5). This
difference was statistically significant (p
<0.001). In addition, among patients experiencing multiple episodes of reaction,
type I reactions tended to recur only one or
two times, but type 2 reactions often recurred more than four times (data not
shown). There was no difference in the pattern of recurrence when comparing patients
who developed reactions prior to or subsequent to treatment (data not shown).
DISCUSSION

A potential concern in any prevalence or
prospective study based on the sampling of
persons in different exposure categories is
that sampled persons may not be representative of all persons sampled and unsampled. In such circumstances, risk factors associated with selection for participation
could be identified erroneously as being
linked to disease outcome. Although this
type of sampling bias cannot be entirely excluded in our prospective study, it is reassuring that except for residence differences
in the persons excluded from participation
because they lived in inaccessible areas, the
demographic characteristics of participating
and non-participating patients in both PB
and MB disease categories did not differ.
Moreover, despite the expected differences
in participation rates between these clinical
groups, both the total sample (176 persons)
and the sub-samples (64 and 118 persons,
respectively) were of ample size.
The overall incidence and risk of reactions in this study is comparable to those
reported in previous studies of large numbers of patients receiving MDT in Ethiopia
( 2 ), Zaire ( 9 ), and India (6. 12 ) , although overall figures vary widely due to differences in
methodology and racial and geographic origins. Our data, however, characterize type
1 reactions as occurring disproportionately
in females independent of age of leprosy
onset, and type 2 reactions as occurring
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TABLE 5. Recurrence of reactions.
Reaction

No. patients
Total
One^Multiple^patients
episode^episodes

^

Type I ^24^II^35
Type 2
10^34^44
79

equally in males and females and being associated with pre-adult onset for both.
That women have a greater risk of type
1 reaction than men in this population is
particularly interesting since the overall incidence of leprosy is much greater for men
than women. The well-documented increased
incidence of leprosy in men has never been
explained; endocrine influences have been
proposed ( 7 ), but no studies have thus far
confirmed or rejected this hypothesis.
Although women are disproportionately
represented among patients with type 1 reactions in this study, the basis for this finding is unclear. That this association appears
to cross all age groups, from adolescence to
old age, may be interpreted as an argument
against an endocrine influence on immunologically mediated events in leprosy. In
addition, we found no association of age of
onset of leprosy with occurrence of type 1
reactions, although the characteristically
long incubation period of leprosy might allow for estrogen exposure of older women
who had had initial infection before menopause. We did not record data on postmenopausal hormonal treatment in our female subjects, but believe such treatment to
be uncommon in this patient population.
Various lines of evidence have clearly associated type 1 reactions with spontaneous
activation of the cellular immune system,
as indicated by elevated levels of circulating
Tac peptide and increases in CD4+ lymphocytes during the reactions ( 13 • 3 1. Some
studies have suggested that a major source
of circulating Tac peptide may be the lymphocytes in the skin lesions themselves ( 27 ),
but the stimulus for activation and the immunoregulatory mechanisms involved in
the recruitment or proliferation of CD4+
cell subsets have not been elucidated. The
results of this study indicate that the immunologic evidence may be more infor-
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mative if interpreted in the light of a possible endocrine influence on either systemic
or dermal immune mechanisms ( 2 '). Another possibility is that the mechanisms involved in type 1 reactions may share some
common determinants with other autoimmune phenomena to which women are predisposed ( 31 ).
The observation that type 1 reactions typically occur only once (or a very few times)
suggests that in each individual only a limited degree of "adjustment" in the immune
response to M. leprae can take place. If so,
the permissible range of such change might
be determined or limited by genetic or immunologic factors which can be examined
in future studies.
The most interesting observation concerning type 2 reactions in this study is the
apparently increased frequency of these reactions in individuals whose onset of leprosy symptoms occur before adulthood.
Other studies have noted that type 2 reactions are more often seen in patients between 20 and 40 years old ( 6 ' 25 ), but the
association with onset of leprosy in adolescence previously has not been noted. Any
hypothesis to explain this observation must
account for the fact that type 2 reactions
occur after a variable duration of 4 months
to 3 or more years after the onset of leprosy.
If the later occurrence of type 2 reactions is
related to onset during adolescence, the initiating events must take a long and variable
time to become manifest.
Davey and Schenk ( 7 ) long ago cited studies noting that puberty is associated with
increased risk of relapse of leprosy and of
the development of lepromin sensitivity.
The association of puberty with increased
susceptibility to and mortality from tuberculosis is also well documented ("), as is
the increase in the incidence of systemic
lupus erythematosus in the decade following puberty ( 3 '). These clinical and epidemiologic phenomena remain unexplained.
Neuroendocrine-immune interactions have
recently attracted interest ( 8 . 2 '), as have their
possible effects on immunity to mycobacteria ( 33 ), and the effects of infection-induced cytokines on neuroendocrine function (23, 28, 33 ). The possible role(s) of the
changes at puberty have not received as
much attention, however, as the more ob,
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vious mechanisms related to adrenal function.
In addition to the major endocrine
changes that occur in both sexes during puberty, this also may be an important phase
in the maturation of the immune system.
This has not been the subject of substantial
research, however, and little is known about
it beyond the oft-repeated maxim that the
function of the immune system "peaks"
around the time of puberty ( 1 "). Our data
do not provide a basis to select from an
endocrine or an immune-maturation hypothesis in explaining the pathogenesis of
ENL, but suggest that further studies of ENL
should consider both possibilities.
The characteristics of both type 1 and type
2 reactions identified in this study may assist in distinguishing between them: type 1
reactions occurred predominantly in women who had onset at all ages, and type 2
reactions were more common in males and
females who had leprosy onset in adolescence. Future studies of immunologic parameters of these reactions may benefit from
the stratification of data by sex and age of
onset of leprosy in addition to the routine
classification of results by leprosy classification.
SUMMARY
An 8-year prospective study of a cohort
of 176 newly diagnosed leprosy patients was
conducted to examine the possible influence
of age, sex, multidrug therapy (MDT), and
duration of illness on the risk of either type
1 or type 2 reactions. Patients were enrolled
over a 5-year period (1984-1989) and followed for a minimum of 3 years. All reactions studied were severe enough to warrant
hospital admission. Overall, 45% of this cohort developed a reaction; 32% of patients
considered at risk developed type 1 reactions, and 37% of patients considered at risk
developed type 2 reactions. Despite the predominance of men among the leprosy patients, type 1 reactions occurred with significantly greater frequency in women, and
did not appear to be influenced by age of
onset of leprosy. Individuals experiencing
one type 1 reaction were not likely to experience a recurrence, suggesting that the
immunologic mechanisms of this reaction
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may be limited or regulated by genetic or
immunologic factors.
Type 2 reactions, on the other hand, occurred with equal frequency in both males
and females, but were highly associated with
onset of leprosy in the second decade of life.
Individuals who experienced type 2 reactions often had one or more recurrence of
the reaction. No increased risk was seen for
either reaction with longer duration of leprosy or longer duration of treatment. The
mechanisms by which these differences relate to the pathogenesis of leprosy reactions
remains unclear, but future studies of clinical and immunological parameters of leprosy reactions may benefit from stratification of data by gender and age of onset of
leprosy in addition to the routine grouping
of results by leprosy classification.

reacciones leprosas, podrian, en un futuro, bcneficiarse
si los datos se presentaran en forma estratificada en
funciOn del sexo del paciente y de Ia edad de apariciOn
de la enfermedad.

RÉSUMÉ
Une etude prospective d'une duree de 8 ans dune
cohorte de 176 malades de la lepre nouvellemcnt diagnostiques a Le realisee pour etudier l'influence possible de Page, du sexc, de Ia polychimiotherapie (PCT)
et de Ia duree de Ia maladie sur lc risque de developper
des reactions de type I ou de type 2. Les patients ont
etc enroles dans ('etude au cours d'une periode de 5
ans (1984-1989) et suivis pour un minimum de 3 ans.
Toutes les reactions etudiees &talent suffisamment sevexes pour meriter l'hospitalisation. Au total, 45% des
patients de cette cohorte ont developpe unc reaction;
32°h des patients consideres a risque ont devcloppe
unc reaction de type 1 et 37% des patients consideres
A risque une reaction de type 2. En &pit de la predominance masculine parmi les malades de la lepre,

RESUMEN

les reactions de type 1 sont apparues avec une frêquence significativement plus elevec chez les femmes,

Se hizo un estudio prospcctivo en un grupo de 176

et nc paraissaicnt pas etre influencees par l'Age a l'ac-

pacientes con lepra rccien diagnosticada apra examinar

quisition de Ia lepre. Les personnes chez qui survenait

la influencia de la edad, el sex°, el tratamiento con

une reaction de type I avaient pcu de risque de pre-

poliquimioterapia (PQT) y la duraciOn de Ia enfer-

senter une recidive, ce qui suggere que les mecanismes

medad, en el desarrollo de reacciones leprosas de los

immunologiques de cette reaction pcuvent etre limites

tipos I 6 2. Los pacicntes se cnrolaron en el estudio a

ou controlês par des facteurs genetiques ou immuno-

lo largo de 5 atios (1984-1989) y se estudiaron durante

logiques.

un periodo minimo de 3 aims. Todas las rcaccioncs

Les rections de type 2 apparaissaient, quant A elks

leprosas estudiadas fucron lo suficientemente severas

avec unc frequence semblable chez les hommes et les

como para justificar la hospitalizaciOn de los pacientes.

femmes, mais it y avait unc forte relation avec lc de-

El 45% de los pacientes desarrollaron algUn tipo de

veloppement de la lepre au cours do la deuxieme de-

reacciOn; 32% de los pacientcs considerados en riesgo

cennie de vie. Les personnes qui avaient Cu une reac-

desarrollaron rcaccioncs del tipo I, y 37%, reacciones

tion de type 2 avaient souvent unc ou plusieurs recidives

del tipo 2. No obstantc el predominio de hombres en

de la reaction. On n'a pas observe d'augmentation du

el grupo de pacientes, las rcaccioncs de tipo 1 fucron

risque d'aucun des types de reaction pour une lepre de

mas frecuentes

longue duree ou un traitement de longue duree. Les

entre las mujeres. Las rcaccioncs no

estuvieron asociadas con la edad de apariciOn de Ia

mecanismes par lesquels ces differences sont reliCes

cnfermedad. Los individuos con reacciOn de tipo I no

la pathogenese des reactions lepreuses reste peu Clair,

fucron propensos a experimentar rccaidas, sugiricndo

mais des etudes futures de parametres cliniques et im-

que los mecanismos inmunolOgicos de esta reacciOn

munologiques des reactions lépreuses pourraient be-

pueden estar sujetos a regulaciOn por factorcs geneticos

neficier de Ia stratification des donnOes par sexc et age

o inmunolOgicos.

A ('acquisition de Ia lepre, en plus du groupement ha-

Por otro lado, las reacciones de tipo 2 ocurricron

bitue' des resultats scion le type de lepre.

con igual frecuencia tanto en hombres como en mujeres, pero fucron inns frecuentes en los casos dondc
la enfermedad apareciO en Ia scgunda decada de la vida.
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