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Risk Factors for Type 1 Reactions in Leprosy'
Paul W. Roche, Joseph Le Master, and C. Ruth Butlin 2

Type 1 reactions (T1R) are important
pathological events in borderline leprosy
patients. Approximately one-third of bor-
derline leprosy patients will have a T1R be-
fore, during or after treatment. Ti R pre-
sents as a spectrum of symptoms involving
the skin, peripheral nerves or both. The pre-
vention of disability due to nerve damage
sustained in TIR has motivated numerous
workers to seek to define risk factors for
T1R in various studies. A number of factors
including vaccination, chemotherapy, preg-
nancy, facial involvement and setopositiv-
ity for anti-phenolic glycolipid-I (PGL-I)
antibodies have been identified ( 3 ). How-
ever, most of the studies have been case re-
ports, and few of these studies have exam-
ined the relative importance of clinical and
laboratory measurements in the same group
of patients. Moreover, comparison between
studies has been confounded by the varying
definitions of TIR used.

In the present study, we have used a com-
prehensive definition of TIR in a retrospec-
tive cohort of 534 previously untreated,
borderline leprosy patients seen over 7
years at Anandaban Leprosy Hospital,
Kathmandu, Nepal. We have examined the
contributions of 12 clinical and laboratory
measurements of the risk of developing
neural or cutaneous T1R in patients with
single or multiple T1R episodes, in those
presenting with TIR at first consultation,
and in those in whom TIR develops later
during treatment. The aim of this work was
to use clinical and laboratory parameters to
identify patients who are at high risk of de-
veloping TIR and who would benefit from
closer supervision and health education.
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MATERIALS AND METHODS

We included in this study 658 previously
untreated, borderline leprosy (BT, BB, BL)
patients registering as regular multidrug
therapy (MDT) patients at Anandaban Hos-
pital between 1989 and 1996.

Type 1 reactions were defined as cuta-
neous or neural according to the criteria
shown in Table 1. Neural T1R was defined
as nerve tenderness, motor function loss
(weakness or paralysis), or sensory function
loss (paresthesia or anesthesia) for less than
3 months. Cutaneous TIR  was defined as
erythematous lesions with raised edges, in-
flammation of plaques, ulceration of le-
sions, edema in the hands or feet, or the ap-
pearance of new lesions during therapy.

All data were collected at the patient's first
consultation. This included age, sex, and lep-
rosy classification based on the Ridley-
Jopling classification ( 4) and confirmed by
histopathology in about half of the cases.
The number of years since the appearance
of the first symptoms as reported by the pa-
tient was recorded as a measure of the
length of untreated disease. The cumulative
disability index (DI) of each patient accord-
ing to the World Health Organization (WHO)
classification system ( 12 ) was also recorded.
In addition, the number of body areas with
disease were calculated. This was based on
the number of body areas with either skin
patches or enlarged nerves based on a scale
with a maximum of nine, consisting of four
for the trunk divided sagitally anterior and
posterior, four for the limbs and one for the
head (').

The total number of enlarged nerves was
also recorded and enlargement of the ulnar
or common peroneal (lateral popliteal) was
also noted. Facial involvement was also
noted as a facial patch, infiltration, facial
paralysis or lagopthalmus.

The Mitsuda lepromin reaction to lep-
romin A at 28 days after inoculation was
measured. Reactions greater than 3 mm
were considered positive.
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TABLE 1. Definitions of TI R used in this
study.

Diagnostic symptoms

Nerves^Tenderness
Motor function loss (<3 mo)

(weakness, paralysis)
Sensory function loss (<3 too)

(paresthesia, anesthesia)

Skin^Plaques inflamed
Erythematous lesions with raised edges

(+1— scaling)
Ulceration
Edema in hands or feet
Inflamed facial patch
Appearance of new lesions during MDT

The mean bacterial index (BI) was calcu-
lated from slit-skin smears that were taken
from a minimum of four sites, including a
clinical lesion.

IgM anti-PGL-I antibodies were mea-
sured as described previously (s).

Statistics. Differences in the range of
variables between different patient groups
were tested by means of the Mann-Whitney
U test.

Chi-squared contingency tables were
used to calculate the unadjusted odds ratios
(OR) and 95% confidence intervals (95%
CI) for differences in the prevalence of T I R
reactions between patients with or without
individual clinical or laboratory parameters.

Adjusted OR and 95% CI were calcu-
lated by logistic regression to assess the sig-
nificance of individual factors. All risk fac-
tors included in the logistic regression
model were known risk factors for T 1 R. On
analysis, there was colinearity between the
leprosy classes (BT, BB, BL) in this data
set, so that inclusion of leprosy classes as
risk factors was not possible. Models, in-
cluding each leprosy class individually,
were compared to a model that excluded
leprosy class altogether. The OR obtained
with and without leprosy class included in
the model were no more than 10% differ-
ent. Thus, the adjusted OR are presented
from the logistic regression model exclud-
ing leprosy class (i.e., with 12 variables).

Because this cohort of patients showed
an increase in the prevalence of T1R over
time, we investigated the effect of the year
of enrollment as a variable in the logistic re-
gression model. The year of enrollment did

not emerge as a significant risk factor, and
inclusion of this data did not significantly
alter the OR for the strongest risk factors.
Thus, year of enrollment was not included
in the logistic regression analysis, and the
risk factors identified were valid over the
7-year intake period.

The risks associated with the clinical pa-
rameters collected were calculated for any
T 1 R, T1R at presentation or later in treat-
ment, single or multiple episodes of T1R,
and for T1R occurring in either the skin or
nerves.

RESULTS
One-hundred-twenty-four patients were

excluded from the study for the following
reasons: defaulting from treatment (N =
58), transfer to health post (N = 47), evi-
dence of previous treatment (N = 6), or in-
correct diagnosis or classification (N = 13).
The records of the remaining 534 patients
were examined for baseline (i.e., at diagno-
sis) clinical, bacteriological and serological
data as well as history of T1 R.

The 534 patients consisted of 361 male
and 173 female patients (age range of 7 to
80 years). There were 250 borderline tuber-
culoid (BT), 57 midborderline (BB) and
227 borderline lepromatous (BL) patients;
91 received WHO/PB-MDT treatment and
441 received WHO/MB-MDT. One patient
was treated with dapsone and clofazimine
alone because of rifampin sensitivity and one
with rifampin and clofazimine due to dap-
sone sensitivity. The patients were seen reg-
ularly at hospital clinics for an average of
16.8 months (range 6-79 months) and to the
completion of chemotherapy in 256 cases.

There was facial involvement in 372 pa-
tients, consisting of patches (N = 288), in-
filtration (N = 117), paralysis (N = 5),
lagopthalmus (N = 11), other (N = 6). There
were an average of 5.6 body areas with dis-
ease (range 1-9) and an average of 3.7 en-
larged nerves (range 0-13) in the total pa-
tient group. Ulnar nerves were enlarged in
361 patients; in 268 of these both ulnar
nerves were enlarged. The lateral popliteal
was enlarged in 349 patients and in 257
both lateral popliteal nerves were enlarged.
Two-hundred-forty-eight patients were
skin-smear positive and 286 were skin-
smear negative. Lepromin reactions were
positive (>3 mm) in 227 patients, negative
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TABLE 2. Median and range of different clinical and laboratory variables of patients
with and without various forms of T1R.*

Patient
group

variable

Median (range)

Non-
FIR

Total
TIR

TIR at
first pre-
sentation

FIR
after

start MDT

Single
episode

Multiple
episodes

Skin
TIR

Nerve
TIR

Age (yrs) 36 36 30 35 36 40 36 40
(7-80) (8-78) (10-78) (8-72) (8-78) (10-75) (0-78) (11-71)

Years 1 I 1.5 1
untreated disease (1-41) (0-20) (0-20) (0-20) (0-20) (0-20) (0-15) (0-14)

Body areas with 5 7' 7' 7' 6
disease (1-9) (1-9) (1-9) (1-9) (1-9) (1-9) (1-9) (1-9) (0-9)

No. enlarged 3 4" 5 .' 4' 4" 4"
nerves (0-13) (0-10) (0-9) (0-13) (0-12) (0-12) (0-13) (0-13) (0-8)

Smear (0-6+) 0 0.75" 0.75' 0.5H 0.5' 1.5" 1' 0.25''
(0-5.25) (0-5.25) (0-5) (0.5-5.25) (0-5.25) (0-5) (0-5.25) (0-5)

Lepromin reaction 4 0' () 0' 0' Oh Ot- Oh
diameter (mm) (0-20) (0-18) (0-15) (0-18) (0-18) (0-15) (0-15) (0-12)

PGL-I antibody 0.142 0.292' 0.277'' 0.308' 0.249' 0.38" 0.337" 0.314''
level (A492) (0-2.607) (0-3.38) (0-3.38) (0-2.447) (0-3.38) (0-1.975) (0-2.545) (0-25)

* Significant difference in range of 'values in different groups compared with patients without TIR:
" p < 0.0001; '' p < 0.05; t p < 0.001.

in 135, and not done in 172. PGI-I antibod-
ies were positive in 286, negative in 231,
and not done in 17 cases.

Among the 534 patients, 279 (52%) had
TIR during the study period; 213 patients
had a single episode, 40 had two, 19 had
three, 6 had four, and 1 patient had five
episodes of TIR. Thus, there were a total of
379 reactional episodes in this study popu-
lation. Reactions were classed as skin
(127), nerves (48), or both (104) (Table 1).
One-hundred-eighty-seven (67%) of T1R
episodes were observed in new patients at
the first examination and 92 (33%) after the
commencement of treatment; 88% of all re-
actions occurred within the first 6 months of
commencing therapy. The frequency of
T1R in the different classes of leprosy was
significantly higher in BB patients (40/57,
70%, p <0.01) and BL patients (151/227,
66%, p < 0.001) when compared with BT
patients (88/250, 35%).

Previous workers (9) have commented on
the differences in the timing of TIR in dif-
ferent leprosy classes. The time and type of
the reactions in the different leprosy classes
were analyzed, but no significant difference
could be found. In all of the leprosy classes,
the majority of TIR occurred at first pre-
sentation or within the first 6 months of
treatment. The frequency of neural or cuta-
neous TIR was not significantly different

between BT and BL patients although BB
patients had fewer neural T1R cases. A sig-
nificant difference was noted in the time of
occurrence of neural compared with cuta-
neous T1R. Whereas only 7% of cutaneous
T1R episodes occurred after 6 months of
treatment, 32% of neural TIR episodes oc-
curred later than 6 months after commence-
ment of MDT (chi-squared = 10.7, p <0.001).

Patients with TIR had more diffuse dis-
ease than patients without T1R. Thus, the
numbers of body areas with disease, en-
larged nerves, positive smears and anti-
PGL-I seropositives at diagnosis were
higher in patients who developed T1R than
in those who did not. Conversely, lepromin
reaction diameters were significantly
smaller in T1R patients than in non-T1R
patients (Table 2).

Adjusted OR for 12 clinical factors and
various forms of T1R, calculated by logistic
regression, are shown in Table 3. Facial in-
volvement was a significant risk factor for
TIR and was especially common among
patients with T1R at first presentation. This
high OR may reflect an ascertainment bias
since an inflamed facial patch is a strong
motive to seek medical attention and is un-
likely to be overlooked by clinicians. As-
certainment bias may also explain the asso-
ciation of a short period of untreated dis-
ease with TIR on first presentation. Facial
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TABLE 3. Adjusted odds ratios for various forms of TIR  in 534 new borderline leprosy
patients.*

Variable
Odds ratio

Total
TIR

TIR at first
presentation

TIR after
start MDT

Single
episode

Multiple
episodes

Skin
T1R

Nerves
TIR

Male 0.89 0.82 1.18 0.98 0.8 0.8 1.1
Age >40 0.8 1.05 0.67 0.73 1.25 0.99 0.75
Untreated disease 0.67 0.62' 1.1 0.72 0.89 0.83 0.62

>1 year
Body areas >2 1.54 2.33 1.59 5.48 2.0 1.3
Facial involvement 4.6'' 8.4'' 1.08 3.06'' 10.3" 6.4h 0.91
Nerves >3 1.26 1.6 0.75 1.15 1.2 1.5 0.74
Ulnar enlarged 1.3 0.97 1.7 1.59 0.7 0.5' 6.0''
Lateral popliteal enlarged 0.9 0.87 1.0 0.87 1.2 0.84 1.26
Disability index >0 0.9 0.88 0.96 1.0 0.8 0.78 2.6'
Smear + 1.22 1.18 1.2 0.88 1.52 1.2
Lepromin + 1.0 1.05 0.96 0.99 1.0 1.03 0.97
Anti-PGL-1 + 1.72 - 1.34' 0.99 1.32' 0.97 1.27' 0.8

* Increased risk of various forms of TIR compared with patients negative for clinical variables: " p < 0.05;
p < 0.001; p < 0.01.

involvement is particularly associated with
cutaneous but not neural T1R and is a high
risk factor for multiple episodes of T1R.

If more than two body areas had disease,
this was associated with a higher risk of
T1R and with multiple episodes of T1R (al-
though the latter was not statistically signif-
icant).

More than three enlarged nerves was not
associated with an increased risk of T1R.
However, an enlarged ulnar nerve, although
not an enlarged lateral popliteal nerve, was
strongly associated with episodes of neural
TIR  and negatively with cutaneous T1R.
Patients with established disability (WHO
grade >0) were also at increased risk of
neural T1R. Patients with a positive skin
smear were at higher risk of multiple
episodes of T1R. Patients with antibodies to
PGL-I were at increased risk of T1R, espe-
cially at first presentation. However, in con-
trast to previous findings ( 5 ), lepromin pos-
itivity was not associated with an increased
risk of any form of TIR.

DISCUSSION
This group of borderline leprosy patients

had a prevalence of T I R of 52% over the
average 17 months of observation. This
high prevalence is explained by the study
population being drawn from a leprosy re-
ferral hospital. Field-based studies suggest
that T1R occurs in approximately 30% of

borderline patients ( 3 ). TIR was the pre-
senting symptom in a high proportion of
our cases (N = 187, 35% of all patients, and
67% of all TIR). BT patients had a signifi-
cantly lower prevalence of TIR than did
BB/BL patients. The use of clinical classifi-
cation as a risk factor for T 1 R may stiffer
from observer bias due to variability in clin-
ical classifications between different lep-
rosy programs.

Definitions of TIR vary widely. We
chose a comprehensive definition, based on
a consensus of senior leprologists (Table 1;
Waters, personal communication), which
clearly defines the cutaneous and neural
symptoms of TIR. Our previous study C)
focused on neural symptoms with or with-
out cutaneous involvement. Another study
from Nepal (" ) used a definition of cuta-
neous involvement with or without neural
involvement and found a difference in risk
factors. The breakdown of risk factors by
different outcomes (Table 3) shows that dif-
ferent risk factors are associated with neural
T I R and cutaneous T1R.

The appearance of a raised erythematous
lesion on the face is a strong motive for the
patient to seek medical attention and is im-
mediately recognized by the leprosy worker
as TIR. The association with TIR may be
due to an ascertainment bias, in that these
patients are over-represented among new
cases. A review of 1226 PB leprosy patients
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in India ( 2 ) revealed a significant relation-
ship between the presence of facial patches
and TI R and resultant lagopthalmus, but in
less than 10% of patients.

van Brakel, el al. (") showed an associa-
tion between the number of body areas with
disease (either enlarged nerves or patches)
and the risk of T1 R. In this group of pa-
tients more than two body areas with dis-
ease was associated with a twofold increase
in risk of T1R and in a higher risk of multi-
ple episodes of TIR.

As in our previous study, the presence of
IgM anti-PGL-I antibodies is an indepen-
dent risk factor for the development of
TIR. PGL-I is a product of viable My-
cobacterium leprae (`') and antibody levels
fall with chemotherapy ( 7 ). PGL-I is not a
significant target for an inflammatory cell-
mediated immune response, which is
thought to be the pathological basis of T1R
('). However, its association with M. leprae
viability makes it a valuable marker of pa-
tients with a significant viable bacterial
load. The immune target(s) associated with
TIR would seem to be associated with live
bacteria, a hypothesis supported by the ob-
servation in this study as in others that 88%
of T1R episodes occur in untreated patients
or within the first 6 months of therapy. Al-
though anti-PGL-I antibodies are associated
with a positive bacterial index, the bacterial
index and anti-PGL-I positivity were inde-
pendent risk factors for T1R. Skin-smear
positivity was associated with an increased
risk of multiple episodes of T l R.

By contrast with our previous study, lep-
romin reactivity was not associated with the
risk of developing TIR. The high incidence
of TIR in lepromin-negative BB/BL patients
in this second and larger study reveals the
lepromin reaction to have little or no utility
in defining an at-risk patient population.

Neural damage by inflammatory events
such as TIR are an important cause of the
disability and deformity associated with
leprosy. Enlarged ulnar nerves are found in
42% and enlarged lateral popliteal nerves in
36% of all new patients presenting at
Anandaban (Lincoln, unpublished observa-
tions). Enlargement of either or both nerves
have been previously described as risk fac-
tors for TIR C). In this patient group, the
enlargement of the ulnar was the strongest
predictor of a T1R in nerves. Patients with

established disability at presentation were
also at increased risk of neural TIR as well.
This possibly reflects the susceptibility of
the damaged nerve to further inflammatory
damage. The period of untreated disease
was not associated with an increased risk of
TIR in contrast with previous reports of pa-
tients with established disease being at
higher risk than new patients ( 3 ).

In conclusion, TIR which presents as a
range of symptoms in the skin and nerves
has a range of identifiable risk factors
which can be defined by well-established
methods. The association of different clini-
cal symptoms with various forms and fre-
quencies of TIR reflects the underlying bi-
ology of these inflammatory events, and
can serve as a guide to clinicians as to the
risk of TIR in individual patient faces.

The definition of these high-risk groups
has important implications for the future ed-
ucation of health workers in leprosy and for
patient education as well. Interventions in
such high-risk groups with prophylactic an-
tiinflammatory drugs at low doses may be
an important preventive measure against the
pathology associated with these episodes.

SUMMARY
A cohort of new borderline leprosy pa-

tients seen over a 7-year period were exam-
ined retrospectively for risk of type 1 reac-
tions (TIR) associated with 12 clinical and
laboratory parameters. Logistic regression
analysis was used to identify a strong link
between facial patches and cutaneous T 1 R
and enlarged ulnar nerves and neural TIR.
Anti-phenolic glycolipid-I seropositivity, a
positive bacterial index, and disease in
more than two body areas were also identi-
fied as risk factors for TIR. These data in-
dicate that there are important clinical data
which can be used to predict an individual
patient's risk of developing T1R.

RESUMEN
Sc Inzo un anAlisis rctrospectivo de los expedientes
correspondientes a un grupo de pacientes con lepra in-
termedia observados durante un period() de 7 aims,
Para establecer el riesgo dc presentar reacciones del
tip() 1 (RT1 ). Se tomaron en cuenta 12 paramctros
clinicos y de laboratorio y se usaron dc regre-
sión logistica pare calcular la corrclaciOn entre la pre-
sencia dc inanclias facialcs y his reacciones RT1 de la
piel y la correlaci(in entre la presencia de ncrvios
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ulnares engrosados y las ILT1 neurales. Entre los Etc-
tores de riesgo se identificaron Ia presencia de anti-
cuerpos anti-gliculipido fen6lico I, los indices bacteri-
anos positivos y Ia presencia de lesiones en etas de 2
areas del cuerpo. Estos datos indican que existcn im-
portantes datos clInicos que pueden usarse part prede-
cir el riesgo de un paciente en particular de desztrrollar
una 121'1.

RESCINIE
Une cohorte de nouveaux patients borderline vus
emirs dune periode de 7 fins a etc examinee retrospec-
tivement quant it leur risque de developper une reac-
tion de type 1, associe a 12 parametres cliniques et de
lahoratoirc. On a realise tine analyse par regression lo-
gistique pour identifier un lien important entre des
ladies stir le visage et line reaction de type I cutanee,
et des ncrfs cuhitaux epaissis et tine reaction de type I
nenrologique. La seropositivite vis-a-vis du glycoli-
pidc phenolique I, un lathed bacterien positil. et Ulle

ntaladie disseminee clans plus de deux parties du corps
out aussi etc identifies comme des facteurs de risque
pour les reactions de type 1. Ces donnees indiquent
qu'il y a des elements cliniques importants qui peuvent
etre utilises pour predire le risque individual d'un pa-
tient de developper Ulle reaction de type I.
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