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Leprosy, or Hansen’s disease, is a chronic and com-
plex infectious illness, dependent in large part upon
the individual’s immunologic response to the

causative organism, Mycobacterium leprae.1 The spectrum of
illness ranges from tuberculoid (or paucibacillary) disease,
characterized by relatively few (no more than 5) skin le-
sions and a marked cell-mediated immune response to M.
leprae, to lepromatous (or multibacillary) disease, which ex-
hibits multiple lesions and little cell-mediated immunity to
M. leprae (see Fig. 1 in companion article2 on page 71). At
the tuberculoid pole, skin lesions are typically few in num-
ber, anesthetic and hypopigmented, whereas at the lepro-
matous pole, the lesions are widely disseminated, sensate
and minimally hypopigmented.1 Nerve damage can occur
at any point in the clinical spectrum; it may occur early in

tuberculoid disease, but tends to be more insidious in lep-
romatous leprosy.1 Patients can also present with acute in-
flammatory responses to M. leprae, called leprosy reactions,
which can result in marked nerve damage and subsequent
limb disability and deformity. The 2 common types of lep-
rosy reactions are type 1 or reversal reactions, mediated by
an upgrade in cellular immune responses to the bacterium,
and type 2 or erythema nodosum leprosum (ENL), which
corresponds to a systemic response to immune complex de-
position created by dead and dying M. leprae. Reactions
should be viewed as medical emergencies. Although few
physicians in developed countries have expertise in leprosy,
prompt recognition and treatment are essential to limit
morbidity and loss of quality of life.1

We report here on a number of imported cases of lep-
rosy in Canada. The objective was to review the demo-
graphic characteristics, presentation and outcome of pa-
tients presenting in an urban centre. This report
underscores the importance of accurate diagnosis and ap-
propriate management of patients with leprosy.

Methods

We evaluated records for all patients with leprosy who pre-
sented to the Tropical Disease Unit of the Toronto General Hos-
pital between 1979 and 2002. This unit has managed over 80% of
reported leprosy cases nationwide,3 and its referral basis is primar-
ily general practitioners and specialists across Ontario. Two of us
(A.K.B. and J.D.C.) reviewed charts for all patients with leprosy
(confirmed at the Tropical Disease Unit clinically and by skin
biopsy, demonstration of acid-fast bacilli on skin biopsy or smear,
or both).1,4 We abstracted descriptive information, including de-
mographic data, country of origin, clinical presentation, sensory
and motor dysfunction, disability, and past treatment and reac-
tions. Demographic, clinical and follow-up data were extracted
and entered into a relational database (Microsoft Access, Mi-
crosoft, Seattle) through use of a codifying form. Data were ana-
lyzed with descriptive statistics and χ2 analysis for comparing pro-
portions of categorical variables. For multiple comparisons of
proportions of categorical variables, the χ2 distribution via contin-
gency tables was employed. Means for continuous variables were
compared with Student’s t test. For subsamples with unequal vari-
ance the Kruskal–Wallis one-way analysis of variance was applied.

This study was approved by the Research Ethics Board of the
Toronto General Hospital.

Results

From 1979 to 2002, leprosy was diagnosed in a total of
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little or no experience in diagnosis and therapy. In this study we
characterized leprosy patients seen in a tropical disease unit that
manages most of the reported leprosy cases in Canada.

Methods: We reviewed the clinical records of all 184 leprosy pa-
tients who were referred to the Tropical Disease Unit at
Toronto General Hospital between 1979 and 2002 and ab-
stracted demographic and clinical information.

Results: Patients were more likely to be male (122 or 66.3%) and
of Indian (44 or 23.9%), Filipino (49 or 26.6%) or Vietnamese
(37 or 20.1%) origin. Patients experienced symptoms for a
mean of 4.8 years before referral to the Tropical Disease Unit.
Most had no family history of leprosy (152/172 or 88.4%).
Most patients presented with either borderline tuberculoid (80
or 43.5%) or borderline lepromatous (37 or 20.1%) disease.
On average, patients presented with 5.8 skin lesions. Upper-
and lower-extremity nerve dysfunction was common at pre-
sentation, with up to one-third of patients demonstrating either
sensory or motor loss. A significantly greater lag time to pre-
sentation was observed in patients who emigrated from low-
prevalence regions (p < 0.001).

Interpretation: Leprosy is a chronic infectious disease that is associ-
ated with serious morbidity if left untreated. Leprosy is uncom-
mon in developed countries, but it is important for physicians to
have a high index of suspicion when a foreign-born patient pre-
sents with chronic dermatitis and peripheral nerve involvement.
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184 patients at the Tropical Disease Unit (Table 1). The
mean age at presentation was 39.9 years (Table 2). The pa-
tients were predominantly male and had immigrated from a

total of 23 different countries. The most highly represented
regions were the Indian subcontinent (58 patients or
31.5%, including 44 patients or 23.9% from India), the
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Table 1:  Selected characteristics of patients with leprosy seen at the Tropical
Disease Unit, Toronto General Hospital (1979 to 2002)

No. (and %) of patients*

All
patients TT BT BL LL

Sex
Male 122 (66.3) 13 (7.1) 55 (29.9) 22 (12.0) 18   (9.8)
Female 62 (33.7) 4 (2.2) 25 (13.6) 15   (8.2) 11   (6.0)
Place of birth

Indian subcontinent† 58 (31.5) 6 (3.3) 30 (16.3) 11   (6.0) 5   (2.7)

Philippines 49 (26.6) 3 (1.6) 19 (10.3) 15   (8.2) 8   (4.3)
Vietnam 37 (20.1) 5 (2.7) 21 (11.4) 3   (1.6) 4   (2.2)

South America‡ 16   (8.7) 1 (0.5) 4   (2.2) 2   (1.1) 5   (2.7)

Other Southeast Asia§ 8   (4.3) 0 4   (2.2) 2   (1.1) 1   (0.5)
Caribbean¶ 7   (3.8) 1 (0.5) 1   (0.5) 2   (1.1) 2   (1.1)
Africa** 5   (2.7) 0 1   (0.5) 1   (0.5) 2   (1.1)

Europe†† 2   (1.1) 1 (0.5) 0 0 1   (0.5)

North America‡‡ 2   (1.1) 0 0 1   (0.5) 1   (0.5)

Family history of leprosy§§
Yes 20 (11.6) 1 (0.6) 6   (3.5) 5   (2.9) 6   (3.5)
No 152 (88.4) 14 (8.1) 69 (40.1) 30 (17.4) 21 (12.2)
Prior treatment of leprosy
Yes 68 (37.0) 7 (3.8) 23 (12.5) 11   (6.0) 16   (8.7)
No 116 (63.0) 10 (5.4) 57 (31.0) 26 (14.1) 13   (7.1)
Nerve involvement
Upper extremity
Motor 43 (23.4) 1 (0.5) 18   (9.8) 8   (4.3) 13   (7.1)
Sensory 59 (32.1) 2 (1.1) 18   (9.8) 16   (8.7) 12   (6.5)
Lower extremity
Motor 40 (21.7) 1 (0.5) 18   (9.8) 9   (4.9) 8   (4.3)
Sensory 60 (32.6) 2 (1.1) 21 (11.4) 17   (9.2) 14   (7.6)
Reactions at presentation
Type 1 31 (16.8) 3 (1.6) 16   (8.7) 12   (6.5) 0
Type 2 17   (9.2) 0 3   (1.6) 5   (2.7) 8   (4.3)
Reactions during
therapy¶¶
Type 1 32 (19.5) 1 (0.6) 13   (7.9) 13   (7.9) 3   (1.8)
Type 2 10   (6.1) 0 1   (0.6) 2   (1.2) 7   (4.3)
Reactions after
therapy¶¶
Type 1 17 (10.4) 1 (0.6) 9   (5.5) 6   (3.7) 0
Type 2 2   (1.2) 0 0 1   (0.6) 1   (0.6)

Note: TT = tuberculoid leprosy, BT = borderline tuberculoid leprosy, BL = borderline lepromatous leprosy, LL = lepromatous
leprosy.
*Except where noted otherwise, the denominator for all percentages is the total number of patients (184). For 21 patients,
disease was classified as indeterminate, borderline or unknown; because of the small numbers of patients in each of these
groups, these data are not presented in the table.
†Bangladesh, India and Sri Lanka.
‡Argentina, Brazil, Guyana, Paraguay and Suriname.
§Burma (Myanmar), Cambodia, China and Malaysia.
¶Trinidad and the West Indies.
**Ethiopia, Ghana and Tanzania.
††Germany and Italy.
‡‡Canada and Mexico.
§§Denominator is 172, the number of patients for whom family history of leprosy was known.
¶¶Denominator is 164, the number of patients who received treatment at the Tropical Disease Unit.



Philippines (49 or 26.6%) and Vietnam (37 or 20.1%). The
one Canadian-born patient contracted leprosy while study-
ing in India.

Patients experienced symptoms for a mean of 4.8 years
before presentation to the Tropical Disease Unit (Table 2).
Greater lag time to presentation was predicted by emigra-
tion from a low-prevalence region rather than a region
where leprosy is endemic (p < 0.001). Patients from low-
prevalence countries (fewer than 0.5 cases per 10 000 popu-
lation) such as Sri Lanka, Guyana and Trinidad had a mean
4.7-year lag time to diagnosis, whereas those from higher-
prevalence countries such as India, Vietnam and the Philip-
pines had a mean lag time of 1.5 years. Patients with lepro-
matous disease (lepromatous leprosy [LL] or borderline
lepromatous leprosy [BL]) were older at presentation than
those with tuberculoid disease (borderline tuberculoid lep-
rosy [BL] or tuberculoid leprosy [TT]) (p = 0.048). Mean
age at presentation was 32.8 years for TT patients and 44.4
years for LL patients (Table 2). At presentation, patients
were most likely to be classified as having BT (80 patients
or 43.5%), BL (37 or 20.1%) or LL (29 or 15.8%) disease.
Of note, patients originally from the Philippines were more
likely to have lepromatous leprosy (LL or BL) at presenta-
tion (23/49 patients or 47%) than those from Vietnam
(7/37 or 19%) or India (11/44 or 25%) (χ2 contingency
table = 8.49, p < 0.025).

One-third of patients exhibited upper- or lower-ex-
tremity sensory nerve dysfunction, and one-quarter had
motor dysfunction on presentation (Table 1). Of those
with upper-extremity nerve dysfunction, generalized sen-
sory loss was most common (31/180 or 17.2% of the main
sample), whereas motor involvement was most likely in the

ulnar distribution (15/180 or 8.3% of the main sample),
followed by the combination of median and ulnar distribu-
tion (12/180 or 6.7% of the main sample). Similarly,
lower-extremity sensory loss, present in 33.1% of patients,
was most likely to be generalized (42/181 or 23.2% of the
main sample), whereas motor dysfunction, present in
22.3% of patients, was most likely to be in the distribution
of the common peroneal nerve (29/179 or 16.2% of the
main sample). Table 3 highlights that lag time to presenta-
tion was greater among those with nerve dysfunction at
the lepromatous pole.

On the basis of World Health Organization recommen-
dations,1,4 most patients with paucibacillary leprosy (inde-
terminate leprosy, TT or BT) were treated with dapsone
plus rifampin (67/103 or 65.0%); for a minority (12/103 or
11.7%) clofazimine was added. The majority of patients
with multibacillary disease (borderline leprosy [BB], BL or
LL) were treated with dapsone, rifampin and clofazimine
triple therapy (42/73 or 57.5%). The median duration of
treatment for paucibacillary and multibacillary patients was
6 and 24 months respectively.

At presentation, 48 patients (25.5%) were undergoing a
leprosy reaction, with most suffering a type 1 reversal reac-
tion (Table 1). During treatment, 42 patients experienced a
reaction, and following treatment cessation an additional 19
patients experienced a reaction; in both situations, the major-
ity were type 1 or reversal reactions (Table 1). Mean dura-
tion of follow-up for the sample was 47.9 (median 44, range
1 to 132) months. Of patients completing therapy at the
Tropical Disease Unit, true relapse was documented clini-
cally and histologically in only 2 individuals, but 17 patients
were lost to follow-up before the recommended 5 years.
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Table 2: Selected demographic and clinical features according to classification of
leprosy

Age at
presentation, yr

Age at onset of
symptoms, yr

Time between
arrival in

Canada and
presentation, yr

No. of
lesions at

presentation

All patients
Mean (and SD) 39.9 (1.2) 35.1 (1.3) 5.9 (0.6) 5.8 (0.3)
Median (and range) 36.0 (13–84) 31.0 (8–83) 3 (0–56) 5 (0–11)
TT
Mean (and SD) 32.8 (3.1) 28.3 (2.6) 3.0 (0.8) 3.1 (1.0)
Median (and range) 29.5 (16–62) 26.5 (14–54) 2 (0–11) 1 (0–11)
BT
Mean (and SD) 39.5 (1.7) 36.5 (1.8) 5.6 (0.9) 5.2 (0.5)
Median (and range) 36.5 (15–79) 35.0 (8–74) 3 (0–56) 4 (0–11)
BL
Mean (and SD) 43.5 (3.1) 42.0 (3.4) 5.5 (1.0) 8.3 (0.7)
Median (and range) 38.5 (13–83) 36.0 (11–83) 3 (0–25) 11 (0–11)
LL
Mean (and SD) 44.4 (2.7) 35.1 (3.2) 7.9 (2.2) 7.3 (0.9)
Median (and range) 39.0 (25–84) 31.0 (8–82) 3 (0–41) 11 (0–11)

Note: SD = standard deviation.



Interpretation

In this study, patients from the most highly represented
countries (India, the Philippines and Vietnam) differed sig-
nificantly with respect to clinical presentation. While the
proportion of patients from the Philippines with leproma-
tous disease (BL or LL) roughly equaled those with tuber-
culoid disease (TT or BT), the disease distribution among
patients from India and Vietnam was skewed, with lepro-
matous leprosy occurring less frequently than tuberculoid
disease. Our data are supported by the findings of other
studies conducted within these countries, where leprosy is
endemic,5–8 and underscore the potential of genetic suscep-
tibilities within these populations. Presentation with lepro-
matous disease has particular public health implications, in
that high bacillary loads render these patients more conta-
gious. Studies in the United States have reported transmis-
sion of imported leprosy to nonimmigrant American resi-
dents,9 and prolonged or intimate contact with individuals
with lepromatous leprosy increases the risk of transmission.
Therefore, a number of Canadian household contacts of
patients with lepromatous leprosy included in this series
were investigated and treated with 6 months of standard 2-
drug therapy on the assumption that they might have ac-
quired M. leprae infection from this close contact.

The positive correlation in this study between age and
shift toward the lepromatous end of the disease spectrum is
interesting. A possible explanation is that debilitating nerve
involvement occurs later in lepromatous disease than in tu-
berculoid illness, and patients may thus delay seeking care
because they perceive their symptoms as benign. This pos-
sibility is supported by the shorter lag time to presentation
among patients with paucibacillary (tuberculoid) disease
than among those with multibacillary (lepromatous) disease
(in particular, the median lag time to diagnosis was 8 years
among those with LL disease but just 3 years among those
with TT disease). In addition, those born outside high-
prevalence areas had a greater lag time from onset of symp-
toms to presentation and might therefore have had more
encounters or more opportunities for encounters with the
health care system before accurate diagnosis. This greater
lag time suggests that a lack of disease awareness and
recognition may contribute to delay in diagnosis and treat-

ment. However, additional prospective studies are needed
to establish whether this is in fact the case.

At the time of presentation, sensory loss was apparent in
one-third of patients and motor dysfunction in one-
quarter. As Table 3 illustrates, those at the lepromatous
end of the spectrum tended to have symptoms, including
motor and sensory neuropathy, for a longer period before
diagnosis. Clearly, this type of nerve involvement is an im-
portant cause of disability and lost productivity. However,
these deficits are often ameliorable with multidrug therapy
and corticosteroids. That a minority of patients in this
study were managed differently from the current treatment
guidelines emphasizes the changes in recommendations
over time, the complexity of the disease and the occasional
need for individualized, case-based therapy.

Leprosy reactions are common among patients undergoing
multidrug therapy, but care is needed in distinguishing reac-
tions from relapse, because their management is different.2

In summary, the diagnosis of leprosy should be consid-
ered in cases of chronic dermatitis with peripheral nerve in-
volvement in foreign-born individuals, as well as those who
have undertaken protracted travel abroad. Leprosy can be a
complicated and challenging disease to manage. If sus-
pected, referral to a tropical disease expert or a dermatolo-
gist with expertise in leprosy is warranted.
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Key points: Leprosy reactions

• Acute inflammatory episodes occurring in response to
underlying Mycobacterium leprae infection

• Significant cause of morbidity because of nerve damage
Type 1 (reversal) reaction

• Corresponds to increasing cell-mediated immunity to
M. leprae

• Presents clinically as increased swelling and pain of
skin lesions, neuritis

Type 2 reaction (erythema nodosum leprosum)

• Corresponds to systemic inflammatory response to
immune-complex deposition

• Presents clinically as crops of tender subcutaneous
nodules, often accompanied by fever, other systemic
symptoms, neuritis

Table 3: Delay to diagnosis according to nerve dysfunction

Mean lag time,*  yr (and no. of patients)

Dysfunction All patients TT BT BL LL

Upper extremity
Motor 8.3 (43) 2.0 (1) 2.9 (18) 4.5   (8) 14.8 (13)
Sensory 7.9 (59) 3.0 (2) 2.9 (18) 4.6 (16) 12.9 (12)
Lower extremity
Motor 6.6 (40) 4.0 (1) 2.1 (18) 3.0   (9) 13.8   (8)
Sensory 6.9 (60) 0.5 (2) 2.5 (21) 4.0 (17) 16.4 (14)

*Mean number of years between onset of symptoms and diagnosis.
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