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Images from the History of Leprosy
An overview of the Schieffelin Leprosy Research & Training Centre, Karigiri, Tamil

Nadu, India, photographed in 1962. SLR&TC, better known as “Karigiri,” was established
50 years ago, and quickly established an international reputation as a center of training and
research on medical, surgical, and laboratory aspects of leprosy. SLR&TC remains an ac-
tive collaborating center in leprosy research (see News & Notes).

This photograph is part of a collection of historic photographs given to SLR&TC by the
Schieffelin family. Taken in 1962 by Christa Pohlschroder Ficht, this is a digital copy of
an original color print measuring 3 × 3 inches. The photograph and information are cour-
tesy of SLR&TC, Barbara Schieffelin Powell & Mr. Justin Bossanquet-Rossen.
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ABSTRACT
Six thousand skin biopsy specimens taken from April 1978 to January 2002 under condi-

tions as specified by the National Leprosy Control Program (NLCP), were analyzed to ob-
tain information about the work of the program and contribute to the knowledge of this ill-
ness in the Mexico. Six-thousand request forms for histologic exam of the NLCP were
reviewed. Sixty-two percent of the requests had all the required information and in 38% one
or more data items were omitted. The age range was 2 to 98 yrs with a median of 50 yrs; a
small number of cases was observed in the age group of 0 to 14 yrs, and the peak was in the
age group of 41 to 50 yrs. Of the 6000 biopsies, 3693 were classified. Polar lepromatous
(LL) was the most common form of the disease, in 60.3% of cases. Twice as many cases
were multibacillary leprosy (MB) as paucibacillary (PB). MB predominated in males, and
PB predominated in females. The Cohen’s kappa index (κ) of clinical-histological agree-
ment was 0.202 (95% CI 0.184–0.219) and showed a poor grade of agreement between clin-
ical and histologic diagnosis, with a level of significance of 0.05 (p <0.001). The results may
indicate the end of leprosy in Mexico, a country in which the national goal of elimination
was reached in 1994, with a prevalence since the year 2000 of 0.17/10 000.

RÉSUMÉ
Six mille biopsies cutanées prélevées d’Avril 1978 à Janvier 2002, selon les spécifications

du Programme National de Contrôle de la Lèpre (PNCL) furent analysées et traitées afin
d’obtenir plus d’informations sur le travail de ce programme et à sa contribution à la con-
naissance de cette maladie au Mexique. Six mille demandes d’analyse histologique du
PNCL furent revues. Soixante deux pour cent des requêtes présentaient tous les renseigne-
ments tandis que 38% de celles-ci avaient une ou plusieurs données manquantes. L’inter-
valle d’âge était de 2 à 98 ans avec un médian de 50 ans; un faible nombre de cas fut observé
dans la classe d’âge de 0 à 14 ans, et le pic de demandes était parmi les 41–50 ans. De ces
6000 biopsies, 3693 furent classées. La lèpre lépromateuse polaire fut la forme la plus
fréquente de la maladie avec 60,3% des cas. Il y avait deux fois plus de cas de lèpre multi-
bacillaire (MB) que de lèpre paucibacillaire (PB). La lèpre MB dominait chez les patients de
sexe masculins, tandis que la lèpre PB était plus fréquente chez les patientes. L’index kappa
(κ) de Cohen de concordance clinico-pathologique était de 0.202 (IdC à 95% de 0,184 à
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0,219) et montra un pouvoir faible d’association, avec un degré de signification de 0,05 (p
<0,001). Ces résultats pourraient indiquer la fin de la lèpre au Mexique, un pays où l’objec-
tif national d’éradication a été atteint en 1994, avec une prévalence depuis l’année 2000 de
0,17 cas/10 000.

RESUMEN
Se analizaron seis mil biopsias de piel tomadas de Abril de 1987 a Enero de 2002 bajo las

condiciones especificadas por el Programa Nacional de Control de la Lepra (PNCL) para
obtener información sobre el trabajo del Programa y para contribuir al conocimiento de esta
enfermedad en México. Se revisaron 6,000 solicitudes del PNCL para realizar el examen
histológico de las biopsias. Sesenta y dos porciento de las solicitudes contenían toda la in-
formación requerida, mientras que en el 38% restante se habían omitido uno o más datos. El
rango de edad fue de 2 a 98 años, con una media de 50 años; en el grupo de 0 a 14 años se
observó un bajo número de casos, y el pico estuvo en el grupo de 41 a 50 años. De las 6000
biopsias, 3693 pudieron ser clasificadas. La lepra lepromatosa polar fue la más común de las
enfermedades, con 60.3% de los casos. Los casos multibacilares (MB) fueron el doble de los
paucibacilares (PB). Los casos MB predominaron en los hombres mientras que los PB pre-
dominaron en las mujeres. El índice kappa de Cohen (κ) de congruencia clínico-histológica
fue 0.202 (95% CI 0.184–0.219) y mostró una fuerza de asociación pobre, con un nivel de
significancia de 0.05 (p <0.001). Los resultados podrían indicar el final de la lepra en Méx-
ico, un país en el cual la meta nacional de eliminación de la lepra se alcanzó en 1994, con
una prevalencia de 0.17/10,000 desde el año 2000.

This report describes the analyses of
6000 biopsies obtained from cutaneous le-
sions of subjects suspected to have clinical
leprosy when the medical staff of the Na-
tional Leprosy Control Program (NLCP)
examined them. In April 1978, the Labora-
tory of Dermatopathology of the Instituto
de Diagnóstico y Referencia Epidemiológi-
cos (InDRE), formerly Instituto de Salubri-
dad y Enfermedades Tropicales, started the
diagnosis and histopathologic classification
of skin biopsies of the NLCP, and from that
date to January 2002, 6000 skin specimens
were received for microscopic diagnosis
and histologic classification.

This study was designed to provide infor-
mation about the work of the program and
contribute to the knowledge of this illness
in Mexico. With this purpose, the following
secondary objectives were established: to
determine the duration of the disease before
subjects sought medical care at NLCP; to
identify the errors that influenced the result
of the biopsy; to correlate the topography
and type of the lesions with the histologic
classification; to specify the frequency of
leprosy by age and gender in the country; to
define the histologic spectrum of leprosy in
Mexico and to determine the agreement be-
tween clinical and histologic diagnosis in
skin biopsies of the NLCP.

MATERIALS AND METHODS

Six thousand skin biopsy specimens and
6000 request forms, submitted from April
1978 to January 2002 for diagnosis and his-
tologic classification of the NLCP, were re-
viewed and analyzed to determine: (i) dura-
tion of the disease; (ii) gender and age of
the subjects suspected to have leprosy; (iii)
clinical diagnosis; (iv) biopsy result; (v)
confirmation of the clinical diagnosis for
biopsy; (vi) characteristics of the type and
site of lesion selected for biopsy; (vii) Er-
rors that hindered the histologic examina-
tion.

All biopsy specimens were obtained from
subjects suspected to have clinical leprosy,
and dispatched in glass or plastic vials con-
taining 10% formalin solution from differ-
ent provinces of the country to the InDRE
in Mexico City where all histologic pro-
cessing was carried out. Specimens were
embedded in paraffin and sections of 8 µm
were obtained. They were stained with
hematoxilin-eosin and with the Fite-Faraco
modification of the Ziehl-Neelsen stain for
acid-fast bacilli. Ten to 20 sections were cut
from each block and the search for bacilli
was done in various sections. All micro-
scopic studies were made by one dermato-
histopathologist. The histologic criteria for
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diagnosis and classification of leprosy for
tuberculoid, borderline tuberculoid, border-
line, borderline lepromatous, and leproma-
tous, were those described by Ridley and
Jopling (11, 12):

Tuberculoid leprosy (TT). Epithelioid
cell granulomas with Langhans giant cells
surrounded by dense lymphocytic infiltrate,
erosion of epidermis and infiltration of the
nerves; acid-fact bacilli (AFB) zero.

Borderline tuberculoid (BT). Epithelioid
cell granulomas with peripheral lympho-
cytes and Langhans giant cell, with a clear
subepidermal zone and infiltration of the
nerves; AFB 0 to 2+.

Borderline (BB). Epithelioid cells granu-
lomas with diffusely spread lymphocytes,
presence of a subepidermal clear zone and
nerve bundles recognizable; AFB 3 to 4+.

Borderline lepromatous (BL). Granuloma
composed of histiocytic cells that show a
tendency to epithelioid cells and sometimes
to foamy change, with areas of dense lym-
phocyte infiltration as perineural cuffs or oc-
cupying a whole segment of the granuloma.
Large globi absent. AFB 4 to 5+.

Lepromatous leprosy (LL). Granulomas
composed of histiocytes and foamy cells
and, eventually, globi. Lymphocytes are
scanty: if present they are diffusely spread.
Nerves are without cellular infiltration or
cuffing. There is a clear Grenz zone; AFB 5
to 6+.

Intermediate (I): Lymphocytes and histi-
ocytes localized around skin structures.
Acid-fast bacilli are very scanty in all cases.

Diffuse leprosy (DLL). An unusual vari-
ety of the lepromatous type of the disease,
this was first described by Lucio and Al-
varado in 1851 in Mexico (7). Clinically,
this is characterized by a diffuse infiltration
of the skin over the entire body. The skin
may appear normal on clinical inspection
but Mycobacterium leprae are usually ob-
tained by scraping from any region of the
skin. Histologically there is an infiltrate
with foam cells that surrounds the blood
vessels. From the surface downward the
density of the cellular infiltrate increases; it
is slight to moderate around the blood ves-
sels of the superficial plexus and denser
with tendency to form small nodules around
the blood vessels of the deep plexus. The
most conspicuous feature is the presence of
innumerable lepra bacilli within the en-

dothelial cells of small vessels of the papil-
lary and subpapillary dermis, and within the
endothelial cells and muscular layer of the
larger vessels of the deeper dermis and sub-
cutaneous fat; AFB 6+. (These histologic
criteria were based on personal observa-
tions not previously published).

Histoid leprosy (HLL). Nodules charac-
teristically present over apparently normal
skin. Histologically the lesions show cir-
cumscribed histoid lepromas characterized
by the predominance of spindle-shaped his-
tiocytes containing acid-fast bacilli; AFB
6+ (15).

The clinical diagnosis was made accord-
ing to Madrid classification (9), which con-
siders two polar types: lepromatous (L) and
tuberculoid (T); and two groups: indetermi-
nate (I) and dimorphous (D). And it in-
cludes the term variety as a subdivision of
type or of group. Type includes the cases,
defined as stable and invariable. Group in-
cludes the unstable cases, mutable, and of
uncertain evolution. Clinically lepromatous
is characterized by nodules, plaques, and
macules. Tuberculoid is characterized by
plaques, macules, and annular lesions. Di-
morphous is a charecterized by a great vari-
ety of lesions with characteristics of L and
T. Indeterminate is characterized by hy-
popigmented macules with dysesthesia,
anidrosis, and alopecia (DAA).

Statistical significance was determined
using the test for differences between
proportions; the numbers of males and fe-
males at each interval were compared by
Kolmogorov-Smirnov test, and the Cohen’s
Index kappa was used to determine the cor-
relation coefficient between clinical and
histologic diagnosis (2).

RESULTS
Of the 6000 biopsy specimens of the skin

from subjects suspected to have leprosy,
3693 (61.6%) were classified, 2010 (33.5%)
did not show histological evidence of lep-
rosy, and 297 (4.9%) were not included in
this study, 86 because they were inadequate
specimens, and 211 because they were
specimens taken from treated subjects. Of
the 2010 unclassified cases, 1463 showed
nonspecific features, 358 had the histologic
appearance of normal skin and 189 exhib-
ited findings of other dermatosis different
from leprosy (Fig. 1).
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Duration of the disease before medical
staff of the National Leprosy Control Pro-
gram examined subjects. Duration of the
disease before medical staff of the control
program clinically examined the subjects
ranged from one month to 60 yrs, with a me-
dian of 18 months Of the 3693 classified
biopsies, in 7% of the requests the date of
onset was omitted, 13% of the patients were
examined from one to 12 months after onset,
30% after one to three years, 22% after 3 to
5 yrs, 13% after 5 to 10 yrs, 9% after from
10 to 20 ys, 3% after 20 to 40 yrs, one after
55 yrs and one patient 60 yrs after onset.

The relationship between the form of the
leprosy and the duration of the disease was:
for indeterminate, from one month to 25 yrs
with a median of one year; for tuberculoid,
from two months to 30 yrs with a median of
2 yrs; for borderline, from 45 days to 20 yrs
with a median of 9 months; and for lepro-
matous, from two months to 60 yrs with a
median of 3 yrs.

Common errors that rendered the
biopsy specimen histologically unread-
able. Most of the biopsy specimens of the
skin were fusiform obtained with a scalpel,
and contained subcutaneous fat tissue, but
in 86 (1.4%) of the 6000 biopsy specimens,
there were errors that rendered the pieces of
tissue histologically unreadable. Of these,
51 were superficial and insufficient, consist-

ing only of epidermis, without bacilli or in-
flammation, 24 were not well fixed (some
of them were placed in distilled water), 7
specimens were received dry (six inside of
an empty broken glass vial and one without
vial), and 4 vials were received without a
specimen (Fig. 2).

The anatomic site from which the
biopsy specimens were obtained and
classified. Forty percent (1461/3693) of the
skin specimens were taken from the upper
extremity and 33% (1203/3693) from the
lower extremity. These specimens were
mostly taken from the forearm (732/1461)
and arm (562/1461); and from the leg
(596/1203) and thigh (395/l203). However,
the only site that provided the most precise
information and with the best percentage of
histological agreement were the specimens

FIG. 1. Results of the total of the 6000 biopsies of the National Leprosy Control Program (NLCP) in Mexico.
The graph includes 3693 classified cases, 2010 not classified, 86 inadequate specimens, and 211 patients previ-
ously treated.

FIG. 2. Eighty-six inadequate specimens. The
graph shows the causes that made the 86 biopsy speci-
mens inadequate for their study.



72, 4 Vargas-Ocampo: Biopsies of Mexican National Leprosy Program 431

taken from the ear; in 59% of them the di-
agnosis of LL was confirmed (Fig. 3).

Correlation between the type of the
clinical skin lesion and classification.
Macules, nodules, and plaques were the skin
lesions most frequently biopsed (Fig. 3). In
38% (1392/3693) of the classified cases, a
macule was the skin lesion selected for
biopsy and the histologic features most fre-
quently seen in this lesion were those of I,
TT, and BT. Nodules accounted for 21%
(779/3693) of the lesions biopsied. This was
the only skin lesion that had high agreement
with the biopsy result, 82% of the nodules
showing histologic evidence of LL. Plaques
were selected in 16% (578/3693) of the clas-
sified cases and the histologic signs of TT
and BT were more commonly present in
these biopsies.

The correlation between the skin lesion
and histologic diagnosis showed the follow-
ing results. In the indeterminate type, mac-
ules and skin with DAA were the most
common skin lesions biopsed. In TT and di-
morphous groups, macules and plaques
were the most selected. In LL, nodules,
macules, and plaques were observed, and in
DLL, skin with DAA and macules were
most common. Finally, in HLL, a nodule
was most commonly biopsed.

Distribution of 3693 classified cases, by
age and gender. Table 1 shows the age and
gender distribution of all 3693 classified

cases; 61.3% were male and 38.7% female,
with a male-to-female ratio (M:F) of 1.6:1.
The age range was 2 to 98 yrs, with a me-
dian of 50 yrs; 4.7% were children in the
age group of 2 to14 yrs and the greatest per-
centage (19.2%) was seen in the age group
of 41 to 50 yrs. When the frequency of ages
of males and females was compared, by
decade, there were no significant differ-
ences in their distribution (p <0.3) (Fig. 5).

The results of 3693 classified cases by
histological examination are shown in
Table 1. Four hundred eighty-eight (13.2%)
cases revealed features of I, 316 (8.6%) of
TT, 411 (11.1%) of BT, 153 (4.1%) of BB,
98 (2.7%) of BL, 2042 (55.3%) of LL, 174
(4.7%) of DLL and 11 (0.3%) of HLL.
(Table 1).

LL was much more frequent in males
(68.0%) than in females (32.0%), with M:F
ratio of 2.1:1 (p <0.0001). TT was the only
form of leprosy more frequent in females
(63.6%) than in males (36.4%), with F:M
ratio of 1.7:1 (p <0.0001); both differences
are statistically highly significant. Multi-
bacillary leprosy (MB) with 67.9% of the
total, was twice as frequent as paucibacil-
lary leprosy (PB), with 32.1% of the cases,
and involved more males than females
2.1:1. PB was more common in girls
(25/43) than in boys (18/43) in the age
group 2 to 10 yrs old, and in women
(400/669) than in men (269/669) in the age

Fig. 3. Correlation between the site where the biopsy was taken and its histologic diagnosis.
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group 16 to 50 yrs. In 174 children aged 2
to 14 yrs, a histologic diagnosis of leproma-
tous leprosy (including LL, DLL, and HLL)
was made in 39.1% (63) of the cases, I in
25.9% (45), TT in 17.2% (30), BT in 11.5%
(20), BL in 3.5% (6), and BB in 2.9% (5)
(Table 1).

Agreement between clinical and histo-
logic diagnosis. In 5199 biopsy specimens
were examined histologically and the find-
ings were correlated with their clinical diag-
nosis (Table 2). There was complete agree-
ment between the clinical and histologic di-
agnosis in 42.9% of the cases (Fig. 5). We
employing the Cohen’s Kappa index (κ) and
the 95% confidence intervals (CI) around
kappa to evaluate the statistical significance
of agreement between clinical and histo-
logic diagnosis, κ = 0.202 with a 95% CI of
0.184 to 0.219 with a level of significance of
0.05 p <0.01. The kappa index of agreement
of the clinical diagnosis and the histopatho-
logic diagnosis for the different forms of
leprosy, and the 95% confidence interval for
κ are seen in Table 2 and Figure 6.

In the correlation of the clinical and histo-
logic diagnosis, the agreement in the dimor-
phous group was not analyzed in its different
varieties because the physicians of the con-
trol program, in accordance with the Madrid
classification, only made a clinical diagnosis
of dimorphous, and the histologic diagnosis
was according Ridley and Jopling criteria.

FIG. 4. Correlation between the type of the
biopsed skin lesion and its histologic diagnosis.
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DISCUSSION

This a retrospective study of biopsies that
have been routinely collected over a period
of nearly 24 yrs from all cases suspected to
have leprosy in a national control program.
The main aims of this retrospective analysis
were to try to obtain information on the
work of the program, and to contribute to
the knowledge of leprosy in the country.

This study was implemented under routine
program conditions and with numerous lim-
itations. Nonetheless, the data can be re-
garded as representative of the population of

leprosy patients in general, and there is suffi-
cient information to draw some conclusions.

The time of duration of disease before
medical staff of the program diagnosed lep-
rosy clinically, varied from one month to 60
yrs with a median of 18 months The 44% of
the cases were from one month to three
years, 22% was from three to five years,
and 30% was from five to 40 yrs. In various
countries the majority of new cases de-
tected have a delay of one to three years,
and WHO collaborative studies indicate
that the majority of new cases are detected
late; i.e., that about 75% of new cases are

FIG. 5. The graph shows the 3693 cases of classified leprosy distributed in age groups in intervals of ten in
ten. The range of ages was included between 2 to 98 yrs, with a median of 50 yrs. The graph shows that the high-
est incidence in both genders was in the age group of 41 to 50 years old. On the other hand, the frequency of ages
of males and females did not have significant differences in their distribution. The numbers of males and females
at each interval were compared by Kolmogorov-Smirnov test: p <0.3.

TABLE 2. Concordance correlation coefficient (Cohen’s kappa index) between clinical
and histologic diagnosis.

Clinical Histologic diagnosis
diagnosis I TT BT BB BL LL DLL HLL NCI NS NO Total κ Index 95% CI*

Indeterminate 307 80 63 11 4 204 7 665 158 47 1546 0.205 0.187–0.223
Tuberculoid 51 168 85 9 4 61 1 185 46 12 622 0.323 0.306–0.341
Dimorphous** 14 15 159 60 29 80 4 84 16 12 473 0.409 0.391–0.427
Lepromatous 71 22 75 54 25 1432 86 11 292 92 81 2241 0.478 0.458–0.498
Diffuse lepra 8 3 4 1 155 74 59 12 1 317 0.271 0.254–0.289
Total 443 293 385 138 63 1932 172 11 1285 324 153 5199 0.202 0.184–0.219

I = Indeterminate, T = Tuberculoid, BT = Borderline tuberculoid, BB = Borderline, BL = Borderline leproma-
tous, LL = Lepromatous, DLL = Diffuse leprosy, HLL = Histoid leprosy, NCI = Nonspecific chronic inflamma-
tion, NS = Skin apparently normal, NO = Other diagnostic different from leprosy.

*CI = Confidence interval.
**Dimorphous = Includes BT, BB, BL.
This table does not include 801 cases (504 without clinic diagnosis, 211 from subjects treated and 86 inade-

quate specimens).
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detected 3 to 5 yrs after onset and about
15% are detected 5 to 10 yrs after the onset
of the disease (8).

Of the skin biopsy specimens received, 86
(1.4%) could not be studied due to faults in
the sampling, obtaining, fixation, or dis-
patch. Thus, it is necessary that clinicians be
acquainted with the importance of proper se-
lection of the site and type of lesion for his-
tologic examination, as well as the correct
methods for fixing the piece of tissue and
packing and mailing it to the laboratory.

The preferred anatomic sites of the skin
biopsy specimens were the forearm (20%)
and the leg (16%), but the anatomical site
with best percentage of positive clinico-
histologic correlation was the ear, where
56% of the specimens confirmed the diag-
nosis of LL. Macules were the lesions most
frequently biopsed, and in these skin le-
sions the histologic features of I, TT, and
BT were more frequently found. The nod-
ule was the most significant lesion for LL.

MB (67%) occurred twice as frequently
as PB (33%) and affected more males than
females (2:1), but TT was more common in
females than in males. This agrees with
most studies throughout the world that indi-
cate that males are approximately twice as

likely to contract lepromatous disease as are
females.

According to these results, LL was by far
the most common form of leprosy encoun-
tered in Mexico, with 60.3% (2227/3693)
of cases. In Mexico the diffuse lepromatosis
is more frequent. This is the most severe of
all forms of leprosy and its striking histo-
logic feature is the presence of innumerable
lepra bacilli within the endothelial cells of
the capillary vessels of the papillary and
subpapillary dermis. These results indicate
that a high percentage of the population of
this country has a very low degree of resis-
tance to this infection.

It is interesting to note that most previous
authors have recorded a higher frequency
rate in children (<14 yrs old), and that LL is
infrequently seen in this group (3, 6, 14). How-
ever, in this study the frequency in children
was low (4.7%), and the most common
form of the disease in this age group was
LL; it is also of note that in infants and chil-
dren under 6 yrs old, TT was most common
in girls and LL in boys.

The number of patients was greater in the
21 to 30 yrs age group, and the peak was
reached in the 41 to 50 yrs age group, and
declines in females aged 51 to 60 yrs, and

FIG. 6. Correlation between clinical and histological classification of 3693 biopsies.
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in males aged 61 to 70 yrs. These data
could indicate that we are facing the end of
leprosy in Mexico, a country in which the
national goal of elimination was reached in
1994, with a prevalence since the year 2000
of 0.17/10,000. However, areas persist in
which the elimination has not been
achieved and they require us to persevere
with continuous efforts to achieve elimina-
tion in the whole country, to cut the trans-
mission of the disease and in the future to
achieve its eradication.

There was complete agreement between
the clinical and histologic diagnosis in
42.9% of the cases in this study. Other au-
thors have reported percentages of com-
plete agreement between clinical and histo-
logical diagnosis in 33% to 89% of the
cases (3, 4, 5, 9, 10, 13). The highest percent of
agreement for individual types in this
analysis was for LL (in 63% of the cases),
and the lowest in I (20% of the cases).
Agreement in the dimorphous group was
not analyzed because the physicians of the
control program, in accordance to classifi-
cation from Madrid, only made a clinical
diagnosis of dimorphous.

The concordance correlation coefficient
between clinical and histologic diagnosis
was determined using the index kappa of
Cohen and was found κ = 0.20, which is a
poor grade of agreement. This grade of
agreement and the low percentage obtained,
indicate the importance of measuring the
accuracy of the clinical diagnosis, an im-

portant part of medical training that may al-
low reduction of failures in this field, since
the clinical diagnosis still remains the main-
stay for the detection of leprosy.

One hundred and eighty-nine studies re-
quested with the clinical diagnosis of lep-
rosy showed histologic findings of other
dermatosis different from leprosy. Of these,
the majority were interpreted as being neu-
rofibromatosis, atopic dermatitis, pityriasis
alba and lipomas.

Finally, the biopsy in leprosy is essential
for the proper diagnosis, classification and
prognosis of the disease and assessment of
progression or regression of the disease in
patients under treatment (1). But the biopsy
has its limitations, with relative frequency it
cannot enable a definitive diagnostis, but
can only be suggestive in tuberculoid and
indeterminate forms. The pathologist can
give to the clinician enough information if
the specimen is obtained, handled, fixed,
and mailed correctly, and if the clinician
provides detailed information of the patient
and the disease when submitting a speci-
men to the laboratory for diagnosis. In or-
der to use this knowledge most efficiently,
close communication between pathologist
and clinician is essential for their own un-
derstanding of the disease process, and for
the benefit of the patients.

Acknowledgment. Thanks are due to Sergio Pas-
tén, Biologist, from Department of Parasitology, for
his help in statistical analysis.

FIG. 7. The graph shows the agreement between clinical and histologic diagnosis in accordance with the
kappa index of Cohen and their 95% confidence interval for each clinical form of leprosy.
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The Dynamics of Stigma in Leprosy1

M. L. Heijnders2

ABSTRACT
Leprosy in Nepal is a stigmatizing disease. This paper explores the different coping

strategies employed by people affected by leprosy to manage stigma. It is based on a quali-
tative study conducted in the eastern part of Nepal. It will show that a difference exists be-
tween experienced stigma and the anticipation of stigma. Both types of stigma result in dif-
ferent coping strategies. In managing stigma people go through different phases. This paper
will show that stigma is a dynamic process, and I will elaborate on the concealment cycle,
as developed by Hyland, to produce a more detailed understanding of the stigmatization
process in Nepal. Doing so, it highlights the importance of a mutual concealment phase and
the importance of triggers to exposure and discrimination. Changing from one phase to a
subsequent phase in the stigmatization process is always triggered. It highlights further, that
even within the same culture and even the same village, social differentiation makes a sig-
nificant difference on the impact of stigma and the coping strategies employed in managing
stigma. Stigma enforces already existing inequalities in social class, gender, and age.

RÉSUMÉ
La lèpre au Népal est une maladie stigmatisée. Cet article étudie les stratégies variées util-

isées par les personnes souffrant de lèpre pour éviter la stigmatisation. Il utilise des données
d’une étude qualitative conduite dans la partie Est du Népal. Il montre que des différences
existent entre une stigmatisation déjà vécue et une stigmatisation anticipée. Les deux types
de stigmatisation résultent en des stratégies différentes d’évitement. Pour éviter la stigmati-
sation, les personnes passent par plusieurs phases. Cet article va démontrer que la stigmati-
sation est un processus dynamique, et je vais m’étendre plus particulièrement sur le cycle de
dissimulation, comme développé par Hyland, afin de mieux comprendre et de façon plus dé-
taillée le processus de stigmatisation au Népal. Ce faisant, cet article montre l’importance de
la phase de dissimulation mutuelle et de l’importance des facteurs déclenchant lors de la
révélation et de la discrimination. Le changement d’une phase à la suivante en stigmatisa-
tion est toujours déclenché. Cet article met de plus en lumière que, même au sein d’une
même culture et dans le cercle d’un même village, la différenciation sociale introduit une
différence significative sur l’impact de la stigmatisation et dans les stratégies d’évitement
dirigées contre celle-ci. La stigmatisation met en application et fait valoir les inégalités déjà
existantes de classe sociale, de genre et d’âge.

RESUMEN
La lepra en Nepal es una enfermedad estigmatizante. Este trabajo explora las diferentes

estrategias seguidas por la gente afectada de lepra para sobreponerse al estigma. Se basa en
un estudio cualitativo realizado en la parte oriental de Nepal. Muestra que existe una difer-
encia entre el estigma ya experimentado y la anticipación al estigma. Cada tipo de estigma
se acompaña de diferentes estrategias de protección. Para manejar el estigma la gente pasa
por diferentes etapas. El estudio muestra que el estigma es un proceso dinámico y en él se
analiza el ciclo de confinamiento desarrollado por Hyland para entender de manera más de-
tallada el proceso de estigmatización en Nepal. Al hacer esto, se resalta la importancia de
una fase de confinamiento mutuo y la importancia de eventos que disparan la exposición y
la discriminación. El cambio de una fase a la fase subsiguiente en el proceso de estigmati-
zación es siempre un evento disparado. El estudio subraya además que dentro de la misma
cultura y aún en la misma localidad, la segregación social influye de manera muy importante
en el impacto del estigma y en las estrategias seguidas para manejarlo. El estigma refuerza
las desigualdades ya existentes en clase social, género y edad.
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Stigma is a dynamic process. Many people
with leprosy are affected by stigmatization.
For the individual, stigma often leads to a
“spoiled identity” (6). After a person is la-
belled as leprous, there are negative social
consequences for this person and his or her
family. Stigma marks the possessor as so-
cially unacceptable or as an inferior being,
and the effect of “being labelled in this way
is that people’s stigma can come to domi-
nate the perception that others have of them
and how they treat them” (12). Van Brakel,
in his review on measurement of stigma,
concluded that “despite enormous, cultural
diversity, many areas of life affected by
stigma are remarkably similar in different
countries. They include mobility, interper-
sonal relationships, marriage, employment,
leisure activities and attendance at social
and religious functions” (14). However, how
people are affected by stigma varies from
culture to culture.

It is important to regard stigmatization as
a process (9, 11, 16). During this process the la-
bel or attribute given to a person influences
the social interaction between the labelled
person and others. The person is labelled
negatively, his or her status is devalued, and
consequently the label could have negative
consequences for this person, personally
and socially. As Hayward and Bright (7),
and Bainson and van de Borne (2) argue, the
label modifies the actions of others towards
the labelled person. Bainson and van de
Borne further argue that probably the often
present physical marks in leprosy generate
a negative response in other people. Ac-
cording to Goffman (6), persons who share
the same cause of stigma tend to have simi-
lar learning experiences in the management
of the stigma, and they go through the same
socialization process. He conceptualizes
this as “the moral career of stigma.” The
moral career is the sequence of adjustments
people make in managing stigma. Similarly,
Alonzo and Reynolds (1) and Hyland (9) de-
scribe stigmatization as a dynamic process,
in which the affected person passes through
several phases. In each phase, the person af-
fected copes by using specific coping strate-
gies and in each phase, other people’s re-
sponses are different.

The stigma trajectory as developed by
Alonzo and Reynolds (1) shows how per-
sons affected by stigma struggle with the

expected stigma and how they cope with it.
Scambler (12) differentiates between felt and
enacted stigma. Felt stigma refers to the
fear of being stigmatized and enacted
stigma is the actual discrimination. In the
stigma trajectory, people move from a felt
stigma towards being actually stigmatized.
The dynamics of the stigma trajectory is the
result of the constant interaction between
the person affected and other people (1). In
the stigma trajectory, changing from one
phase to the subsequent phases depends
very much on the development of the dis-
ease, and in this, the development of visible
symptoms. Additionally, characteristics of
the individuals affected and the contextual
situation can influence this process and the
impact of stigma. Some people may have
better coping skills or “passing” skills than
others, or in some situations the stigma at-
tribute is more visible and powerful than in
other situations. Stigma can on occasions be

“expansive,” pervading all corners of an
individual’s biography and identity, and
on other occasions “containable,” limited
and controllable in terms of conse-
quences and, more importantly, personal
and social identity (1).

Hyland (9) in her socio-cultural study of
leprosy in Nepal also developed a kind of
stigma trajectory in which the different cop-
ing styles of the stigmatized people are ex-
plained. She described this process as the
“concealment cycle.” The difference with
the stigma trajectory can be seen immedi-
ately in its name. Hyland defines it as a cy-
cle, as a recurrent process and not as a lin-
ear process. This is explained below. The
concealment cycle is based on the assump-
tion that persons affected will try to conceal
their disease for as long as possible, and
this is in order to keep their social integrity
intact. Social integrity is defined as a per-
son’s place or position in the community.
According to the concealment cycle people
affected by leprosy will try to manage
stigma by concealing the disease and if
questions are asked about symptoms, or the
person needs to go to the clinic, attention is
distracted by telling “stories.” This “story
telling” is a kind of concealment in which
the person is “saying something and not
saying what (it is) wished to keep secret”
(emphasis in original) (9). In the next step of
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the concealment cycle, the person affected
feels that his or her social integrity is threat-
ened. This may happen when questioning or
the curiosity of the community increases. To
preserve his or her social integrity the person
affected may cope by withdrawing. With-
drawal during this stage results in people
stopping their treatment, leaving the village
together with their families, or leaving alone
in order to work in another community.

Hyland (9) then discusses how the stigma
can be exposed at different levels: exposure
can differ from private exposure to public
exposure. Private exposure refers to the
person affected knowing that others are
talking about him or her. This talking about
him or her can change from private curios-
ity, via suspicion and gossip to “public si-
lence and private slander.” Hyland draws
this last term from Miller (10) and it refers to
others knowing about it, but avoiding open
conflict. Miller (10) argues that people in
rural communities in Nepal try to avoid
conflict, and in order to provide each other
with some “temporal space,” mutual con-
cealment can be chosen. Miller found that it
can then happen that in the homes of others,
people talk about the disease of the affected
person (private slander), but in public
people still show politeness and respect
(public silence). Others in the community
often “wait and see” for the unfolding of
events. The study presented in this article
demonstrated that this stage of mutual con-
cealment in a social interaction is very useful
in understanding that actual stigmatization
only occurs after the action (or response) is
“triggered” (8). If, during this “wait and
see” phase, nothing further happens or
when others know the person takes treat-
ment, the process can reverse itself and so-
cial integrity is regained (8, 9). If however,
the symptoms remain or become worse, or
if the person discontinues his or her treat-
ment, the disease can become publicly la-
belled and result in public discrimination. It
is here that the differences between the (lin-
ear) process of the stigma trajectory and con-
cealment cycle become clear. In the conceal-
ment cycle, a person can regain his or her
social integrity, a person can move from a
later phase to an earlier phase. In the stigma
trajectory such reversal is not possible.

Hyland shows that in the last stage of the
cycle, public reactions can differ; from ask-

ing the person affected to sleep and eat sep-
arately within the family, to living in a sep-
arate shelter in the village, or to being sent
away. People who were asked to eat and
sleep separately or to live separately in the
village can regain their social integrity.
Only the persons being sent away have no
chance of regaining their social integrity.
However, Hyland is not clear in why these
reactions differ, the results of the study pre-
sented below (8) show that the social differ-
entiation existing in Nepal affected the re-
actions of others towards people with
leprosy. With these findings I elaborated the
concealment cycle.

Alonzo and Reynolds (1), and Hyland (9)
show that the stigmatization process is a
dynamic process, which is continuously
shaped and re-shaped, and very much de-
pends on social interaction. Both recognize
the importance of the progress of the dis-
ease on the impact the stigma has on social
interaction. Both studies of Alonzo and
Reynolds, and Hyland are very useful in
understanding the stigmatization process
that occurs and the different phases a per-
son affected by leprosy goes through. The
study of Hyland was conducted in western
Nepal and the patients interviewed were
people who were registered in a specialized
leprosy hospital and who already had de-
formities of the hands and feet. This paper
is an attempt to further develop the un-
derstanding of the stigmatization process
drawing on a study based on interviews
with people affected by leprosy who were
registered at general health posts. The
people interviewed had mostly less ad-
vanced leprosy than the people interviewed
in the study of Hyland. I did not set out to
study the stigmatization process per se;
rather this paper reflects themes that
emerged from a larger study of understand-
ing people’s adherence to leprosy treatment.

METHODS
The data presented here were drawn from

a larger research project on adherence to
leprosy treatment from the view of the per-
sons affected by leprosy (8). To accomplish
this 76 people were interviewed in depth
about their life experiences with leprosy
and its treatment. People who had their pa-
tient cards in the general governmental
health posts situated in the project area of
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the Eastern Leprosy Control project (ELCP)
were included in this study. Two groups of
people were interviewed: people who had
completed their leprosy treatment and
people who had discontinued their treat-
ment. People were selected based on a ran-
dom sampling technique. An interview
guide was used consisting of 11 themes.
People were interviewed in their homes. In-
terviews lasted for 11⁄2 to 2 hr and were
tape-recorded. The recordings were trans-
lated and transcribed and were analysed by
using a grounded theory approach (13) and
the pattern matching methodology as de-
scribed by Yin (17).

In total, 29 people who discontinued
treatment and 47 people who were released
from treatment were interviewed. These
people lived in different parts of the ELCP
area. A good distribution existed between
those who lived in rural and urban areas,
and those belonging to the different tribes
and religions in the area. More men than
women were interviewed. More detail
about the method and sample is available
elsewhere (8).

Some background information on
Nepal. Nepalese society is complex in
terms of caste and ethnic groups. There are
the groups that are contained within the
Hindu caste system, as well as other ethnic
groups. Officially, Nepal is a Hindu King-
dom, but it includes Buddhist, Muslim, and
Christian minorities. In 2004, the literacy
rate was estimated to be 62.7% among the
males and 27.6% among females (3). In
Nepal, strong hierarchies exist between indi-
viduals, families, and communities. As
Nepal is a Hindu society, social relationships
are influenced by religious or ritual norms
and values, but also by economic and polit-
ical hierarchies. In the past, the ritual hierar-
chy was the same as those defined by eco-
nomic and political power. This has changed,
however. A person of a high ritual status
does not automatically possess a high eco-
nomic and political status any longer. The
three different types of hierarchy are, how-
ever, very much interrelated. It is not possi-
ble to talk about the status of a person, as a
person’s status depends on the many differ-
ent roles and powers the person has in his
or her family and in his or her community,
and also on specific contexts and situations.

RESULTS
The results of the study illustrate the dif-

ference between expected stigma, and expe-
rienced stigma. The majority of the people
interviewed expected that once others knew
about their disease, they would be separated.
These expectations resulted in people em-
ploying various coping strategies to prevent
stigma. However, people whose disease was
exposed tried to make their disease less ob-
trusive by employing other coping strategies.
First, I will discuss the strategies employed
in managing expected stigma, the so-called
strategies of concealment. Subsequently, the
coping mechanisms in response to experi-
enced stigma are discussed. These strategies
are summarized in Figure 1, which is my de-
velopment of Hyland’s concealment cycle.
Within these discussions the importance of
triggers to exposure and discrimination, and
the influence of social differentiation on the
impact of stigma is shown.

Strategies of concealment caused by
expected stigma. When asked about their
fear and actual actions taken towards them,
most of the respondents produced a narra-
tive about other persons who had leprosy
and who were treated badly by their com-
munities. These narratives showed some-
thing of the expectations the interviewees
had of how family and community mem-
bers would treat them. These narratives
were about people being stigmatized and
had been told to interviewees by family or
community members, or were based on ob-
servations they had made themselves. A
man who had many patches became very
worried after the health worker diagnosed
his disease as Kustha Rog (Nepali word for
leprosy). He remembers images of persons
affected by leprosy who were begging in
the streets of Calcutta. He said:

I had seen beggars with Kustha Rog
when I was in Calcutta. When I got
Kustha Rog myself I used to feel scared
thinking about those other people who
had Kustha Rog. . . In our village there is
a saying that if one of the villagers gets
this disease and if another person is close
with the infected person, or sits with, eats
the jutho (a person’s food leftovers) of, or
if the husband, or the wife has the dis-
ease, then the other person will be in-
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fected with the disease. . . In my village
the people do not tell me not to walk with
them, sit or eat with them, they did not
say or do anything. My disease is not
clear and that is why most of them could
not find out.

The narratives told about other people af-
fected by leprosy however, were always
about people who had wounds and deformi-
ties and many expected that the develop-
ment of wounds and deformities would
consequently result in being discriminated.

Another important finding related to ex-
pectations was that the majority of the people
interviewed, including those without wounds,
expected that others, after hearing which dis-
ease they had, would immediately act nega-
tively towards them. The diagnosis of leprosy
was seen as a trigger to discrimination.

Because of these expectations, felt stigma
led to a strategy of concealment, which had
the effect of reducing the incidence of en-
acted stigma and retaining one’s social in-
tegrity. Almost all interviewees opted for
concealment from other community mem-
bers; 43 (out of the 76) interviewees were
able to conceal their disease from their com-
munities. Thirteen people had also concealed
their disease from their family members.

In trying to conceal their disease, people
employed several strategies to avoid atten-
tion. These strategies were triggered by
events happening to them. When others
asked them questions about symptoms or
side-effects they had noticed, or about the
interviewed person going to the clinic regu-
larly, many interviewees mentioned that
they told “stories.” Stories told were that
they had ringworm, had a simple skin dis-
ease, had become black because of the sun,
had a wound because of the type of work,
or needed treatment because of another dis-
ease. The function of these “stories” was to
distract attention.

If the symptoms of leprosy developed or
increased, the questioning and curiosity of
other people about their symptoms in-
creased, and the respondents perceived that
their social integrity was threatened. In this
stage they tried to manage the stigma by
avoiding situations in which enacted
stigma could be triggered, or to diminish
the number of triggers. Some people, when
they had visible signs of leprosy, withdrew
temporarily until their symptoms had im-
proved. One woman, who was a widow,
developed some white patches on her
hands and face. After people questioned
her about it, she took her children with her

FIG. 1. The stigmatization process.
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and went to a family member in a large city
nearby. There, she started treatment and re-
mained in the city until the patches were
less visible. Another man, who developed a
patch on his face which became swollen
and festered at the beginning of his disease,
reported how he tried to stay inside the
house or around the house until the
swelling went. Some went early to their
fields to avoid meeting other community
members.

The concealment strategies employed
were very much linked to the hierarchical
position of the individual within their com-
munity and their family. To some the im-
pact the stigma had on their lives was less
than on others. Family and community sta-
tus influenced the reaction of others to-
wards them.

The majority of the people with a higher
status succeeded in concealing their dis-
ease from other community members. Nor-
mally, when a person developed many
patches, questions were asked, however
people with a higher status believed they
were protected against questions being
asked. (Note: Interviewees mentioned sev-
eral factors to differentiate themselves
from others and which they believed
showed their status within the family and
community. I used these factors to deter-
mine a person’s status within the family
and community. These factors and their
consequent classification are given in the
appendix.) Questions were asked of some
people with a higher status, but they could
avoid the questions by telling a “story.” A
few people stated that they believed that
others were gossiping about them. Half of
the people with a lower community status
were able to conceal their disease, but
questions were asked of relatively more
people with a lower community status.
Their status in the community did not pro-
tect them from these types of questions.
Some mentioned that they had to accept the
behaviour of others. They said things like:

How could I discuss it with them. Of
course, they scold me. Whose mouth can
I keep shut? . . . Then we understand our-
selves and keep quiet.

Another example gives the comments of
the wife of a person affected by leprosy on
the negative behavior of villagers:

Politicians should make some arrange-
ments for the poor people, but they do
not care about us. There would be no dif-
ference between rich and poor people if
they took a little care of the poor people.
We are poor people and that is why other
people come here and beat my husband
but the villagers do not come and stop
them.

Miller (10) in his discussion on decision-
making in villages in Nepal, argued that it
is not so important what people think about
each other, but what people say about each
other; it is words that give weight to atti-
tudes. Although people with a higher status
who had visible signs of leprosy may still
fear the exposure of their disease, their sta-
tus in the community protected them from
others asking questions, and thus from ac-
tions being taken.

The results of the analysis showed that
within the family different hierarchies
could be identified, based on decision-
making power, gender, and age and within
these between the people who could
contribute to the family income and those
who could not (see appendix). Men with
decision-making power who could con-
tribute to the family income all concealed
their disease from other family members.
Some had made their decision not to inform
other family members as an attempt to
avoid causing family concern. One man
said about this:

I did not tell my family about the disease.
I was afraid they would be tense and get
worried. We do not have enough food to
eat and clothes to wear. I thought that
whatever happens, will happen to me only.

These people could conceal their disease
because, due to their position, other family
members could not question them about
their disease. As one man said, “I am the
guardian of the house and I can decide what
to do.” Such an attitude makes it difficult
for others to inquire about a disease which
they might believe to be dangerous. People
who did not belong to this group of deci-
sion makers were very much aware of their
position within the family and they ex-
pressed it as vital that they contributed to
the family income. These people lived de-
pendent lives, and were greatly influenced
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by other family members, and thus con-
tributing to the family income provided
them with a certain status or secured their
position within the family. The felt stigma
among them was very high.

Strategies employed in managing expe-
rienced stigma. During the interviews, it
was not easy for the interviewees to discuss
the actual stigmatizing behavior of family
and community members towards their dis-
ease. Many tried to avoid the subject and
many cried when they described the behav-
ior experienced. Thirty people mentioned
that their disease was known to their com-
munities, of whom 20 experienced negative
behavior from other community members.
Six people mentioned that their community
members were “waiting to see” what would
happen, and only four did not experience
any negative behavior from others. In cases
where the other family members knew of
their disease, negative family behavior was
less common. This happened to 10 of the 60
people. The majority of the interviewees re-
ceived family support.

After their disease was exposed to other
people the respondents were not immedi-
ately publicly discriminated against. In this
phase, people whose disease was exposed
to other community members adopted a
strategy of “covering;” they took all possi-
ble steps to reduce the salience of their
stigma for others. They were living in con-
stant fear that they would be sent away
from their families and be expelled from the
village. Some people withdrew from social
life, by going to their fields in the early
morning, by working outside the village, or
by staying near the house. Two people
started working as migrant laborers in India
and only came back after their symptoms
had diminished. Others stayed in the vil-
lage, but avoided confrontation by sitting
apart, not sharing utensils, not visiting pub-
lic gatherings, etc. Some people tried to
stay at home and work near the house. They
tried to live and work unnoticed and had
developed a submissive attitude.

As I argued above, in rural communities
in Nepal people try to avoid conflict and
provide each other with some temporal
space. As this period of mutual conceal-
ment could last for a long time I elaborated
the concealment cycle with a separated
phase, the phase of mutual concealment. In

this phase, people may gossip behind their
backs and talk about the disease of the af-
fected person (private exposure), but in
public people still show politeness and re-
spect. People “wait and see” what will hap-
pen.

The results of the analysis show that ac-
tual public discrimination only occurred in
response to one or more triggers. Several
negative triggers existed that led to expo-
sure of the disease and people tried to di-
minish the effects of these triggers and
situations in which these triggers would be
obtrusive. Negative triggers that resulted in
public exposure were increase in visible
symptoms, development of wet wounds,
the regular visits to the clinic, specific side
effects, like reddish-brown discoloration of
the skin, swelling and weakness, and inabil-
ity to contribute to the family income. A re-
lationship was found between status and the
type of negative actions taken. For people
with a higher community status, only per-
sistent and severe wounds were triggers to
other community members acting nega-
tively towards them. For this reason, some
people with a higher status were no longer
visited by other community members.
However, these negative actions could be
temporary and were situation specific. In
this group of people with a higher status, no
one was threatened with expulsion from the
village. There were more negative actions
directed against people with a lower status
and after they had developed a severe and
persistent wound, they experienced more
severe negative actions Some people were
even threatened with expulsion or had been
already expelled. The majority of the
people whose disease was exposed and who
experienced negative behavior from others,
believed they were not in a position to do
anything about it and had to accept what
was happening, or as one interviewee said:

The villagers, my neighbors know about
my disease. Sometimes when I get into
an argument people say bad things to me,
like “you have Soon Bairi” (leprosy). At
that moment I feel really bad, and keep
quiet thinking ‘what to do if I do have
that disease.

Of the people whose disease had been ex-
posed to their families, this knowledge was
in some cases only shared by their closest
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family members (wife, husband, or par-
ents), while in other cases it was only
known to the nuclear but not the extended
family. Some had informed their family
members themselves of the diagnosis of
leprosy, while others had delayed this and it
had been exposed later, after other family
members had found the medicines, ques-
tioned the regular visits to the health post,
or the interviewee had made an admission
after a long period of being questioned
about it. Due to the fact that leprosy was
viewed as being very contagious, many in-
terviewees had adapted their behavior, or
had been asked to change it to avoid infect-
ing other family members. Most of them
did not give their jutho to other family
members and stored their food utensils sep-
arately, and in some cases even their bed-
ding and clothes. Some interviewees with-
drew themselves from certain aspects of
family life; they started to sit, eat, and sleep
separately, but continued to join the family
in other activities. A few were no longer
touched by others, or were asked to live
separately on the family compound, outside
the family houses. For most, this separation
was only temporary. After the symptoms
had diminished or the wounds had healed,
the person would be allowed to move back
into the house. One man developed a
wound, and only after the advice of other
people did he go to the health post. Here
they diagnosed his disease as Kustha Rog.
He informed his family about the diagnosis
and was then asked to eat and sleep sepa-
rately until his wounds healed and he
moved back into the house. He said:

No one in my family ate with me for at
least two to three months, because they
thought this disease was contagious. All
of them felt bad and advised me to take
my medicines continuously. They said
that taking the medicines could cure my
disease.

The different family hierarchies had an
impact of the effects of stigma and coping
strategies employed. Decision-makers with-
drew themselves from family life to avoid
transmission and of fear of the social conse-
quences. The position of non-decision-
makers within the family did not change
much as long as they showed submissive
behavior and contributed to the family in-

come and as long as they did not develop
severe wounds, weakness, or illness. Some
differences were found in comparing
women with men who were not decision-
makers. Visible signs of leprosy did not re-
sult in negative actions against men who
were not decision-makers. However, visible
signs of leprosy were triggers for negative
actions towards some women. The women
who had not experienced negative family
behavior belonged to better-educated fami-
lies, or where knowledge about leprosy and
its treatment existed. Further, age was also
an influencing factor; in the group of people
above 50 yrs, it was found that to these
people it was important to contribute to the
family income. They helped their families
by doing minor work. After developing
wounds and deformities with which they
could not work anymore, four people were
sent out of their villages. Interviewees who
were less than 15 yrs old had all received a
great deal of family support. These children
were kept at home.

DISCUSSION
The stigmatization process as a inter-

active and dynamic process. The results of
the analysis demonstrate that a stereotypical
view about leprosy is still dominant. Al-
though the majority of the interviewees ex-
pected to be separated, few people were ac-
tually expelled from the village or separated
within the community or family. In the past
when no treatment existed for leprosy,
people were sent out of the villages due to
fear of transmission, and thus the stereotyp-
ical thinking is mostly based on this past re-
ality. This study shows that people employ
a variety of coping strategies to manage the
stigma attached to leprosy. As the stigmati-
zation process is based on the interaction
between people, the strategies employed by
individuals depend very much on the ex-
pected and experienced (re)actions of oth-
ers towards them. The different phases of
this stigmatization process are demon-
strated in Figure 1, and described above.
This stigmatization process is an elabora-
tion of the concealment cycle as developed
by Hyland (9). The original concealment cy-
cle is extended with the phase of mutual
concealment. After the disease is exposed
to others this does not immediately result in
public discrimination. A kind of “wait and
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see” attitude existed, waiting for things to
happen. Another important finding of this
study was that the stigma caused by leprosy
does not have to be permanent. The original
cycle is further extended with influencing
triggers.

The importance of triggers. The results
of the analysis showed that going to a sub-
sequent phase in this stigmatization process
is always triggered. The type of triggers had
an impact on the coping strategies and also
on the type of stigmatizing actions of oth-
ers. Not only visible symptoms of the dis-
ease were perceived as triggers to exposure
and discrimination, also other events re-
lated to the disease and its treatment were
perceived as triggers. Other triggers to ex-
posure and discrimination included regular
visits to the clinic, the blisterpack of the
medicines, and the side-effects of the Multi-
drug Therapy treatment (esp. weakness, and
a darkening of skin due to the clofazimine).
Next to these so-called negative triggers,
some positive triggers were also reported.
The knowledge that the interviewees were
on treatment resulted in others being willing
to wait and see what would happen. Like-
wise, improvements observed in the symp-
toms also contributed to a “wait and see” be-
havior pattern. Thus, depending on the type
of trigger, a positive or a negative trigger,
stigmatization can become more severe or
diminish. In the elaborated cycle a person
can move to a subsequent phase into the
model or can move back to a previous
phase.

The importance of social differentia-
tion in stigma. Managing stigma has to be
regarded in a wider context. The impact of
stigma is related to individuals’ position in
the family and community hierarchies. So-
cial interaction between people is based on
social rules and norms that are related to
their position within the hierarchies. As
stigmatization is a dynamic process and is
based on interactions between people. The
impact stigma has on a person’s life reflects
the general way people interact in the wider
society. Because of their authority within the
community, high status people could not be
asked “curious,” personal questions. Even
after they had developed a stigmatizing dis-
ease, other people could still not ask them
questions, and negative behavior was only
shown if the disease reached an advanced

stage. Lower status people were already vul-
nerable to scolding in their everyday life and
were never permitted to attract attention.
Where, in other circumstances, any mistake
or failure would be noticed and questioned,
here the disease leprosy was the trigger for
negative actions. Leprosy legitimized nega-
tive actions. This study demonstrates that
the stigma in Nepal could not only exist, as
Waxler (15) stated, because of the hierarchi-
cal nature of Hindu society, but that the hi-
erarchical society also explains the differ-
ences in the impact of stigma between
people holding different positions within the
hierarchies, or as concluded by Parker and
Aggleton (11) stigma feeds upon, strengthens
and reproduces existing inequalities of class,
race, gender and sexuality.

CONCLUSION
What are the implications of these find-

ings for interventions aimed at reducing the
stigma of leprosy? As leprosy is still related
to images of people with deformed hands
and/or feet and who are sent away. It is not
surprising that the majority of the patients,
when asked about strategies for stigma cop-
ing, recommend to keep the diagnosis lep-
rosy a secret or even to avoid contact with
other people. Communities need to be tar-
geted with information regarding leprosy
and stigma, efforts should be made to
change negative attitudes and practices.
Particularly the linkage with the stereotypes
dangerousness and infectiousness (5, 8) pro-
vokes adverse reaction among the public.
Therefore, messages like “leprosy is not in-
fectious anymore after starting treatment”
should be one of the key targets for anti-
stigma interventions. Research done within
the mental health field showed that strate-
gies aiming at education and contact had
impact on the attitudes about mental illness
(4). Members of the general public who in-
teracted with a person with mental illness
exhibited large changes in stigmatizing atti-
tudes. Further, interventions are needed on
the individual level, aiming at empowering
the affected individual. This could include
counselling, learning coping skills and self
management, meeting places, practical as-
sistance, and peer support.
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Appendix. Different factors determining
a person’s status.

• Land ownership and size of the land.
This was about what the person af-
fected described concerning income re-
ceived from the land, and whether its
produce was sufficient to live on for a
whole year, without the need for sup-
plementary paid work.

• Occupation. Type of occupation of all
family members. I used the categories
developed by Rao (1992)*. He defined
nine categories for occupation: landless

labor, share cropper, land owner, em-
ploy others on land, non-agricultural
service, artisan, owner of an industry,
other occupations, and unemployed.

• The educational level of the patient or
other family members. For some affected
persons interviewed, it was very impor-
tant to mention that they could read. The
ability to read gave them a certain status
or position within the community.

• Type of family. Being a nuclear or
joint family, and type of family struc-
ture. Some joint families were those
that had lived in the community for
many generations. This and the pres-
ence of several married brothers gave
the family a higher status.

* Rao, K.V. (1992). Leprosy in Rural India. Delhi,
Manak Publications PVT LTD.
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• The type of housing the family had. It
made a difference if the family lived in
a wooden, two-story house or in a hut
made of mud or straw.

• Political status. Some people stated
that they were active members of a po-
litical party. Being an active member of
a political party means that people can
influence some decisions regarding the
whole village, such as planning of
roads, taxes, etc.

• Ritual status. Some people were tradi-
tional healers, or were Brahmin priests,
which gave them a higher status.

Different cross-cutting factors acted to-
gether to give rise to a person’s status. If for
example, a person was a landowner, I cate-
gorized this person as being of higher sta-
tus. If a person lived in a mud hut, was a
day laborer and mentioned that he or she
had days without income and thus food, I
categorized this person as having a lower
status. Active members of a political party,
or people with a ritual status, or shopkeep-
ers, were mostly categorized as higher sta-
tus, though not all factors were congruent.
The different categories as used in this
study are shown below.

Status in the community.
Higher community status Protected against questions being asked.

Majority succeeded in concealing their disease from other
community members.
Only persistent and severe wounds were negative triggers
resulting in negative behavior of others towards them.
No expulsion reported.

Lower community status Had to accept the behavior of others.
Only half of them were able to conceal their disease from
other community members.
Experienced community pressure.
Negative actions reported, including expulsion.

Status in the family.
Decision-making power Hold a more independent position in the family.

On occasions, they withdrew from family life to avoid
transmission and some concealed their disease out of fear of
the social consequences.
Negative triggers were having severe (wet) wounds and
some toes missing.

No decision-making power Dependent of other family members.
Their situation did not change much so long as they showed
submissive behavior and contributed to the family income
and did not develop a severe wound, weakness, or illness.
Minor symptoms could lead to negative family behavior.

Men Men constituted the majority of those with decision-making
power.
Men with decision-making power concealed out of concern
for the other family members, the other men out of fear of
exposure.

Women Women tried to conceal their disease and showed a submis-
sive attitude.
Had to accept the behavior of others, and were very vulner-
able to negative actions.

Old age On occasions the oldest person in the family was not re-
spected and sometimes even regarded as a burden. The
ability to contribute to the family income was important.

Child Out of concern about their children’s future all children af-
fected by leprosy received family support.
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A Comparison of Economic Aspects of Hospitalization

Versus Ambulatory Care in the Management of

Neuritis Occurring in Lepra Reaction1

Ravi H. N., Renu George, Elizabeth P. Eapen, Susanne A. Pulimood, 
Chandran Gnanamuthu, Mary Jacob, K. R. John2

ABSTRACT
Neuritis is one of the important causes of deformities and disabilities in leprosy. Neuritis

has been managed both in the field and in hospital. This study was done to compare the eco-
nomic aspects of cost of ambulatory vs in-patient management of neuritis in leprosy. The
quality of life of the affected patients and the clinical improvement in the 2 groups were also
studied. Twenty six patients fulfilling the study criteria were randomized into the ambulatory
and in-patient group (13 in each group). The primary outcome examined was cost, in vari-
ous categories; the secondary outcomes included pre- and post- treatment comparison of
Quality of Life (QOL) scores and tests of sensory and motor function.

The direct and indirect medical costs incurred by patients in the hospitalized group were
higher than those patients in the ambulatory group. The difference in the direct medical costs
between the two groups was Rs. 9110.5, and the extra direct non medical costs incurred by
patients in the hospitalized group was Rs. 888.50 because of more frequent visits of family
members. A greater percentage of ambulatory than in-patients returned to work in ≤15 days
(53.8% vs 15.3%), and the mean duration before returning to work was 19.5 days ambula-
tory patients compared to 66.8 days for in-patients group. The QOL scores and motor and
sensory function tests showed no significant difference between groups. Although the sam-
ple size was small, these preliminary results suggest that substantial cost minimization by
ambulatory care is possible without significantly affecting the quality of life or peripheral
nerve function.

RÉSUMÉ
Les névrites sont une des causes importantes de difformités et de handicap de la lèpre, qui

peuvent être traitées à la fois sur le terrain et à l’hôpital. Cette étude fut entreprise afin de
comparer les aspects économiques du coût des soins ambulatoires versus hospitaliers des
névrites lépreuses. La qualité de vie des patients et l’amélioration clinique fut aussi étudiée
dans les 2 pratiques. Vingt-six patients remplissant les conditions de l’étude furent assignés
au hasard soit au groupe ambulatoire, soit au groupe hospitalisé (13 par groupe). Le
paramètre principal étudié fut le coût pour chaque catégorie; les résultats secondaires ont in-
clus la comparaison avant et après le traitement des scores de qualité de vie (QDV) et des
tests de fonction sensorielle et motrice.

Les coûts directs et indirects incombant aux patients hospitalisés furent plus élevés que
ceux du groupe ambulatoire. La différence entre les coûts directs de chaque groupe a été de
Rs. 9110,5 et les frais directs non médicaux des patients hospitalisés ont été de Rs. 888,50,
dû aux visites plus fréquentes des membres de la famille. Un plus grand pourcentage de pa-
tients ambulatoires est retourné au travail dans les 15 jours (53,8 versus 15,3%) et la durée
moyenne avant de retourner au travail a été de 19,5 jours pour les patients ambulatoires
comparée à 66,8 jours pour les patients hospitalisés. Les scores QDV et les tests fonction-
nels sensoriels et moteurs n’ont pas révélé de différence significative entres les deux groupes
de patients. Bien que la taille de l’échantillon étudié ait été faible, ces résultats préliminaires
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The economic aspects of the manage-
ment of neuritis in leprosy have received
scant attention. A recent paper by Naik and
Ganapathy highlighted the need for such
studies in the present declining phase of
leprosy endemicity (9). Leprosy causes a
variety of impairments both primary and
secondary. The significant, serious, and
more common primary impairments result-
ing from leprosy are mostly related to the
consequences of nerve damage secondary
to neuritis. There have been many studies 
(3, 4, 6, 8, 12) on the effect of steroids on neuri-
tis of leprosy conducted both in the field
and in hospitals but none comparing the im-
plications of the cost of the two modes of
treatment i.e., hospitalization and ambula-
tory management. Along with the study on
cost, quality of life and motor and sensory
functions were also studied. There are only
a few studies done on the psychological im-
pact of the disease and quality of life in pa-
tients with leprosy (5, 7, 11). The aim of the
present study was to compare the economic
aspects of ambulatory and in-patient man-
agement of neuritis in leprosy. The impact
of these two modes of management on the
quality of life scores and the motor and sen-
sory functions were also looked at.

MATERIALS AND METHODS

The study was conducted at the skin and
leprosy department of a tertiary level teach-
ing hospital in Tamilnadu from October
1999 to March 2001 incorporating a multi-
disciplinary team of dermatologists, neurol-
ogists, and a health economist. All patients
presenting with neuritis, as a part of either
type 1 or type 2 reactions, of less than 6
months duration, were included. Neuritis
was defined as tenderness of the nerve
and/or deterioration in sensory or motor
function. Patients with a nerve abscess, pus-
tular or ulcerating erythema nodosum lep-
rosum (ENL), and those on oral or par-
enteral steroids during the month prior to
entering the study were excluded. Children
below the age of 12 yrs were also excluded.

Patients, who were willing to enter the
study after informed consent, were random-
ized into ambulatory and in-patient (patients
who received treatment in hospital) groups.
A computerized random numbers table was
used for randomization in blocks of two.
These patients were classified based on find-
ings of clinical examination and skin smears,
using the Ridley-Jopling classification.

Sample size. The sample size was calcu-

suggèrent que la diminution substantielle de coût des soins ambulatoires soit possible, sans
pour autant affecter de façon significative la qualité de vie et la fonction des nerfs pé-
riphériques des patients hanséniens atteints de névrites.

RESUMEN
La neuritis es una causa importante de deformidad y discapacidad en la lepra. La neuritis

se ha manejado tanto a nivel de campo como de hospital. El presente estudio se realizó con
el fin de comparar los aspectos económicos del tratamiento de la neuritis en la lepra en el pa-
ciente ambulatorio y en el paciente hospitalizado. También se estudió la calidad de vida de los
pacientes afectados y la evolución clínica de los pacientes en los dos grupos. Los veintiséis pa-
cientes que cumplieron con los criterios del estudio se asignaron, aleatoriamente a los grupos
ambulatorio (N = 13) y hospitalizado (N = 13). El primer parámetro estudiado fue el costo,
en varias categorías; los parámetros secundarios incluyeron la comparación de la calidad de
vida antes y después del tratamiento, y la evaluación de las funciones sensitiva y motora.

Los costos médicos directos e indirectos en el grupo hospitalizado fueron mayores que en
el grupo ambulatorio. La diferencia en los costos médicos directos entre los dos grupos fue
de Rs. 9119.5, y los costos extra directos, no médicos, en los pacientes hospitalizados as-
cendieron a Rs. 888.50 debido a las visitas más frecuentes de los familiares. Un mayor por-
centaje de pacientes ambulatorios regresaron a trabajar en <15 días (53.8% vs 15.3% en los
hospitalizados), y la duración promedio antes de regresar a trabajar fue de 19.5 días en los
pacientes ambulatorios y de 66.8 días en los pacientes hospitalizados. Los niveles de calidad
de vida y de función motora y sensorial no mostraron diferencias significativas entre los gru-
pos. Aunque el tamaño de la muestra fue pequeño, estos resultados preliminares sugieren que
es posible abatir substancialmente el costo del tratamiento de los pacientes ambulatorios, sin
afectar significativamente ni su nivel de vida ni la función de sus nervios periféricos.
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lated based on the primary outcome. The
assumption was that 5% of the patients be-
ing managed in the admitted group would
return to work in 15 days, whereas 45% of
patients being managed on an ambulatory
basis would return to work in 15 days. Two
weeks are the period of admission for the
in-patient group and stipulated period of
rest in the ambulatory arm. With a type 1
error of 5% and type 2 error of 20% the es-
timated sample size was 18 in each group.

Outcome measures. Primary outcome:
Day of return to work after the stipulated
period of rest/admission. Secondary out-
comes: (i) Estimation of mean cost/patient;
(ii) Improvement in the score of QOL; (iii)
Improvement in sensory and motor scores.

Protocol for management. Patients in
the in-patient group were admitted for 2
weeks and were monitored in the ward for
complications of steroid therapy. Those in
the ambulatory group were educated re-
garding the complications of steroids and
advised rest at home 2 weeks. Patients in
both groups were given prednisolone at 1
mg/kg/day. Follow-up was done every 2
weeks during the first month and monthly
thereafter, until the end of steroid treatment.
The dose of steroids was reduced by 10 mg
every visit. The day of return to work was
recorded. A detailed clinical examination,
sensory and motor assessment was done as
a baseline, at the end of 2 weeks and then
monthly till the end of treatment.

All patients underwent a pre-steroid work
up which included hemoglobin, complete
blood count, urine routine, random blood
sugar, and a chest X-ray to rule out tubercu-
losis.

Sensory assessment. Sensory examina-
tion was done using Semmes-Weinstein
graded nylon filaments. Palms were tested
with filaments of 0.2 gm (blue) and 2 gm
(purple), and the soles with 4 gm (red) and
10 gm (orange).

Protective sensation was detected by us-
ing purple filaments for the palms and or-
ange for the soles. Sensation was tested on
10 standard points on the palms and soles.
One point was given to each area with mis-
referred or absent sensation. The maximum
score for each ulnar nerve was 4, median
nerve was 6 and posterior tibial was 10.
Each site with absent sensation was scored
and the mean sensory score for each nerve

before and after treatment was calculated in
both groups.

Motor power. Motor power of the mus-
cles of hands and feet were tested and
graded according to the Medical Research
Council scale on a score of 0 to 5. The
mean motor score prior to and after treat-
ment was calculated.

Cost analysis. A detailed proforma was
filled with regard to direct medical costs,
direct non-medical costs and indirect costs
(Annexure 1) (All Annexures for this article
are available in the online issue of the JOUR-
NAL at www.leprosy-ila.org). Direct costs
are the costs incurred by the health sector
and the patient. The direct medical costs in-
clude cost of medications, tests and hospi-
talization. The direct non-medical costs in-
clude cost of transport and food. Indirect
costs include the wages lost on account of
illness (1, 2). The details of unit cost of each
item used for the estimation of the direct
medical costs is given in Annexure 1.

Quality of life assessment (QOL). Qual-
ity of life is defined as an individual’s per-
ception of their position in life in the context
of the culture and the value systems where
they live, and in relation to their goals, ex-
pectation, standards and concerns (13).

The QOL questionnaire was filled out for
patients in both groups before starting
steroids and at the end of treatment. The
questionnaire adopted for this study was
modified from the WHO Quality of life
Global pool of questions (Annexure 2) (see
online JOURNAL). These include informa-
tion on 5 domains-physical, psychological,
level of independence, environment, and
social (Table 1). Each question had a maxi-
mum score of 5 except the question on pain
in the physical domain, which had a maxi-
mum score of 6. The total maximum score
was 106. A higher score meant a better
quality of life. The total and l mean scores
of each of the domains were calculated and
the improvement in the score was compared
among the 2 groups. The mean score for the
sub-groups with and without deformities
was calculated and compared.

Data analysis. Intention to treat analysis
was done using the EPI INFO package.
Since sample size was small and not nor-
mally distributed non parametric tests
(Kruskhal-Wallis H test) were done to de-
termine the statistical significance of ob-
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served differences in costs, QOL scores and
motor and sensory scores in the 2 groups.
Chi-square test was done to test the differ-
ence in proportion of patients who returned
to work.

RESULTS
Demographic and clinical data. Five

hundred and eleven leprosy patients were
examined during the study period. Of them,
53 (10.37%) were diagnosed as having re-
actions. Twenty-six patients were found el-
igible and willing for the study and were
randomized into the ambulatory and in-
patient group (13 in each). The baseline
characteristics of the two groups were com-
parable with respect to age, sex, presenting
complaints, reaction type, deformity and
the spectrum of leprosy. (Table 2) Twenty-
three nerves in 13 patients of the ambula-
tory group and 28 nerves in 13 patients in
the in-patients group were involved. The ul-
nar nerve was the most common nerve in-
volved in both groups. There were 4 de-
faulters: two from the ambulatory group
and one from the in-patient group were lost
to follow-up after the first visit, and one
other patient from the in-patient group was
lost to follow-up after 3 months

Cost analysis. (Table 3) Considering re-
turn to work as the outcome, patients in the
ambulatory group, on an average, returned
to work is 19.5 days (0 to 60 days, median
= 13) as compared to 66.8 days (0 to 180
days, median = 47) taken by patients in the
in-patient group. This difference was statis-
tically significant (p = 0.02).

The proportion of patients who returned
to work in ≤15 days in the ambulatory

group was 7 (53.8%) as compared to 2
(15.3%) in the in-patient group. The differ-
ence was statistically significant (p = 0.04).

The mean direct medical cost in the am-
bulatory group was Rs.2341.30 and of the
in-patient group was Rs.11451.80. This dif-
ference of Rs.9110.50 was statistically sig-
nificant (p = 0.001). This extra cost incurred
for the hospitalized patients is mainly be-
cause of bed, investigations, diet and pro-
fessional charges of the doctor and the
nurse. The average direct non-medical costs
were Rs.348.30 and Rs.1236.80, respec-
tively in the ambulatory and in-patient
group. The extra cost of Rs.888.50 incurred
by the patients in the in-patient group was
mainly because of more frequent visits of
the family members. The total extra cost to
the hospitalized patient incorporating both
medical and non medical cost was on an av-
erage Rs.9999.00.

The indirect cost was estimated on an av-
erage, as Rs.4544.30 and as Rs.13051.10,
respectively for the ambulatory and in-
patient group. The difference of Rs.8506.80
is the economic gain in the ambulatory
group.

Total cost for a patient including direct
and indirect cost was Rs.7233.90 and
Rs.25,739.70, respectively for the 2 groups
(ambulatory and in-patient). The total extra
direct and indirect cost per patient in the
hospitalized group was Rs.18505.80. The
overall difference between the ambulatory
and inpatient groups ranged from Rs.2655–
34,356 based on the estimates of 95% CI
for the mean cost of ambulatory care to-
gether with inpatient care. This is the
money lost per case if we have a policy of

TABLE 1. Domains and facets in the instrument for quality of life assessment.

Domains Facets

Physical Pain, discomfort, energy, fatigue, sleep rest.
Psychological Positive feelings, thinking, learning, memory, concentration, self-esteem, 

bodily image and appearance, negative feelings.
Level of independence Mobility, activities of daily living dependence on medication or treatments,

working capacity.
Social relationships Personal relationships, social support, sexual activity.
Environment Physical safety and security, home environment, financial resources, health

and social care: availability and quality. Opportunities for acquiring new 
information and skills. Participation in and opportunities for recreation/
leisure. Physical environment (pollution, i.e, traffic, climate) transport.

Spiritual Spirituality/religion/personal beliefs.
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hospitalization for all cases of mild to mod-
erately severe neuritis.

Analysis of quality of life in the 2
groups. Seventeen patients, 9 in the ambu-
latory group and 8 in the in-patient group
were available for assessment of pre- and
post-treatment QOL scores.

The sum and mean of pre- and post-
treatment scores of all the domains in both
groups are shown in Table 4 and 5, respec-
tively. The mean pre-treatment scores in
the ambulatory and inpatient group were

61.3 and 68.0, respectively. The mean post-
treatment scores in both groups were 77.7
and 78.8, respectively. The overall mean dif-
ference in pre and post treatment scores for
ambulatory and inpatient groups was 10.8
(95% CI 6.7 to 14.4) and 16.4 (95% CI 12.2
to 20.6), respectively. The difference was
not statistically significant (p = 0.42).

Patients with and without deformity were
compared. The mean score before treatment
was 65 in patients with ulnar claw hand and
62.3 without it. The score for patients with

TABLE 2. Shows the baseline characteristics of patients in the ambulatory and in-
patient group.

Characteristics Ambulatory Inpatient
(N = 13) % (N = 13) %

Age in years (Range) 31.3 (15 to 49) 40.7 (19 to 60)
Sex: Male:Female 11:2 12:1
Presenting symptoms

Skin lesions 7 (53.8) 7 (53.8)
Neural

Pain 3 (23.07) 3 (23.07)
Sensory impairment 1 (7.6) 2 (15.3)
Motor deficit 5 (38.4) 6 (46.1)
A combination of the above 3 symptoms 4 (30.7) 2 (15.3)

Reaction in relation to period of treatment with MDT
0 to 6 months 6 (46.1) 9 (69.2)
6 months 5 (38.4) 3 (23.07)
Post MDT 2 (15.3) 1 (7.6)

Recurrence of reaction 4 (30.7) 4 (30.7)

Reaction
Type 1 12 (92.3) 12 (92.3)
Type 2 1 (7.6) 1 (7.6)

Neuritis
Ulnar 11 (47.8) 11 (37.9)
Median 3 (13.04) 5 (17.2)
Common peroneal 4 (17.3) 8 (27.5)
Posterior tibial 5 (21.7) 3 (10.3)
Facial 0 2 (6.8)

Deformity
Grade 0 3 (23.07) 1 (7.6)
Grade 1 6 (46.1) 5 (38.4)
Grade II 4 (30.7) 7 (53.8)

Diagnosis
BT 6 (46.1) 6 (46.1)
BL 3 (23.07) 4 (30.7)
LL 1 (7.6) 1 (7.6)
Subpolar LL 0 1 (7.6)
Pure neuritis 3 (23.07) 1 (7.6)

Socioeconomic status
high 8.3% 8.3%
low 91.7% 91.7%
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and without foot-drop were 61.2 and 63.25.
None of the differences reached statistical
significance.

Assessment of sensory function in the 2
groups of the study. The mean sensory
scores of the ulnar, median and posterior
tibial nerves improved with treatment in
both groups. The difference in improve-
ment seen was however not statistically sig-
nificant (Table 6).

Assessment of motor function in the 2
groups of the study. The mean motor
scores of the ulnar nerve of the patients in
the ambulatory group and ulnar, median
and common peroneal nerves of patients in
the in-patient group improved with treat-
ment (Table 7). Only the difference in im-
provement of the median nerve scores in
the in-patient group reached statistical sig-

nificance (p = 0.01). There was deteriora-
tion of the mean motor scores of the median
and common peroneal nerves of patients in
the ambulatory group as compared to the
in-patient group, but this was not statisti-
cally significant.

DISCUSSION
This is a preliminary study on the com-

parative economic analysis of the treatment
of neuritis in hospitalized and ambulatory
patients. The results of this study need to be
viewed with caution in view of the small
sample size which is a major drawback.
However, the study does provide some in-
teresting data which are discussed below
since there is paucity of studies relating to
the economic aspects of treatment policies
for neuritis. Return to work was considered

TABLE 3. Shows the different categories of costs in rupees in the two groups.

Categories of cost Ambulatory Inpatient p value Extra

Direct medical cost
Mean 2,341.30 11,451.80
Median 1,526 9,086.5
Range (566.65 to 11,546.55) (6,505.25 to 27,128.69) 0.001 9,110.5

Direct non-medical cost
Mean 348.30 1,236.8
Median 287 705
Range (45.4 to 960) (49 to 6500) 0.07 888.5

Indirect cost
Mean 4,544.3 13,051.1
Median 3,900 4,695
Range (560 to 11,200) (1,800 to 72,100) 0.12 8,506.8

Total cost
Mean 7,233.90 25,739.70 18,505.80
Median 3,702.5 10,905.9
Range 2,638.2 6,293.3
95% CI (3,638.2 to 10,829. 5) (6,293 to 45,186) <0.01 (2,655–34,356)

TABLE 4. Shows the distribution of sum of quality of life scores according to domains
among patients in both groups.

Ambulatory (N = 9) Inpatients (N = 8)
Domain Pre- Post- Pre- Post-

treatment treatment treatment treatment

Physical 127 184 122 162
Independence 138 159 119 141
Environment 143 145 137 139
Psychological 96 143 95 128
Social 27 3 30 33
Total 531 663 503 603
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to be a sound surrogate marker for effec-
tiveness of treatment and well being of the
patient. A statistically significant number of
patients in the ambulatory group returned to
work early (p = 0.04). The time taken to
return to work was also significantly shorter
among patients in the ambulatory group.
This implies a significant gain in produc-
tivity.

The patients in the in-patient group re-
turned to work later. Some patients contin-
ued to stay away from work after discharge
from hospital. It is possible that hospitaliza-
tion, which has a known negative effect on
the patient’s view of the disease, influenced
this outcome (11). The direct medical costs
were significantly higher in the hospitalized
group. The difference in costs were due to
the bed and nursing charges, doctors’ pro-
fessional fees and diet in the hospitalized
group. The mean overall cost for ambula-

tory group was Rs.7,233.9 (95% CI 3638.2
to 10829.5) and for hospitalized group
Rs.25739.7 (95% CI 6293 to 45186). The
economic gain reflected by the differences
of these two costs was Rs.18505.8. The
lower and upper estimates of this mean cost
difference was calculated from the differ-
ence of the lower and upper limits of the
95% CI. This ranged from Rs.2655 to
34,356. This reflects the range of economic
gain possible if the policy of ambulatory
care of patients with neuritis is adopted.
The high cost of hospitalization and the loss
in productivity following this, were the
main disadvantages experienced by opting
for this mode of management for neuritis.
Thus the results of our study suggests that it
is economically more advantageous to
adopt the ambulatory management of neuri-
tis, especially in resource poor countries.

In a study published earlier on the impact
of leprosy on the QOL, it was seen that the
mean score of QOL was lower in cases than
controls in all domains except spiritual
(94.5 for cases Vs 101.5 for controls).
Males with visible deformities had a signif-
icantly lower score than those without de-
formity (91.4 vs. 99.2). There was a posi-
tive correlation between the socio-economic
status and quality of life scores (5). In our
study physical, psychological and levels of
independence showed an improvement.
However, there was no difference in the
pretreatment mean QOL among patients
with and without physical deformities (63.1
vs. 62.5). One of the reasons for the appar-
ent lack of impact of deformity in the QOL
score could be the small sample size stud-

TABLE 5. Shows the results of pre- and
post-treatment quality of life scores in both
groups.

Category Ambulatory Inpatients

Pretreatment Mean 61.3 68.0
S.D. 8.6 9.4
Median 61 65

Post-treatment Mean 77.7 78.8
S.D. 6.4 7.0
Median 76 78.5

Difference
Pre- and post-(mean) 10.8 *16.4
95% CI                         (6.7 to 14.4)           (12.2 to 20.6)

*p = 0.42.

TABLE 6. Shows the mean and total sensory scores of patients in both groups pre- and
post-treatment.

Ambulatory Inpatients
(Total score)(N = 13) (Total score)(N = 13)

Nerves
Pre- Post- Pre- Post-

p value

treatment treatment treatment treatment

Ulnar
*0.2 g 4.4(58) 2.2(29) 6.3(82) 3.9(51) 0.9
*2 g 2.8(38) 1.1(15) 4.2(55) 3.1(41) 0.6

Median
*0.2 g 5.2(68) 2.4(32) 7.4(97) 5.0(66) 0.8
*2 g 3.8(51) 1.5(20) 5.0(65) 2.3(30) 0.6

Post tibial
*4 g 10.8(135) 8.3(108) 15.9(207) 13.07(170) 0.7

*10 g 10.2(129) 7(91) 14.3(186) 12.1(158) 0.6
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ied. It is also possible that the questionnaire
was not sensitive enough to detect the im-
pact of deformities on the QOL in leprosy
patients. It has been reported that patients
with grade 1 disability face less discrimina-
tion in the family and at work compared to
those with grade 2 disabilities (10). In our
study, 58% of patients had either no defor-
mity or grade 1 deformity. In another study
done in Tamilnadu it was seen that caste
status influenced the nature and the extent
of handicaps experienced by leprosy pa-
tients (7). This in turn could have influenced
the QOL. Thus the impact of deformities on
the patient’s well being and attitude to the
disease is multi-factorial and was probably
not adequately addressed by the question-
naire used. However, since there is no sig-
nificant difference in the quality of life be-
tween the ambulatory and hospitalized
group it may be concluded that status of
hospitalization did not contribute signifi-
cantly to improvement in the QOL.

This study is the first to throw light on the
economic aspects of management of neuri-
tis. As stated earlier, no major inferences
can be drawn due to the relatively small
sample size studied. It is, however, apparent
that in resource poor countries it is more ad-
vantageous economically to adopt the am-
bulatory management in patients with mild
to moderately severe neuritis. It is often the
fear of the complications of moderately
high doses of steroids that causes physi-
cians to admit patients especially at tertiary
levels of care. The fact that none of our pa-

tients in either arm experienced any signifi-
cant steroid induced complications suggest
that ambulatory care on a moderately high
dose of steroids is safe.

In conclusion, it may be said that the bur-
den of disease in leprosy has not received
adequate attention. Large multicenter stud-
ies are required to address the economic
and other non medical aspects of the man-
agement of the leprosy.
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Susceptibility to Leprosy May Be Conditioned by an

Interaction between the NRAMP1 Promoter

Polymorphisms and the Lepromin Response1, 3

Frederico Rogério Ferreira, Luiz Ricardo Goulart, Heyder Diniz Silva, 
and Isabela Maria Bernardes Goulart2

ABSTRACT
Controversial results have been achieved by attempting to associate the NRAMP1 gene

with Mycobacterium leprae susceptibility as well as with the Mitsuda reaction, which rep-
resents a specific immune response to M. leprae. This study evaluated this association as
well as the interaction of the polymorphism (GT )

n
in the promoter region of the NRAMP1

gene with a specific immune response to M. leprae measured by the intradermal Mitsuda test
in leprosy patients and in non-consanguineous household contacts. The study aimed to eval-
uate the association of this gene polymorphism with resistance or susceptibility to the dis-
ease, and/or with clinical forms of the disease, in a population in an endemic area served by
the State Reference Center in Sanitary Dermatology and Leprosy, Federal University of
Uberlandia, MG, Brazil. Leprosy patients (90) were diagnosed according to Ridley and
Jopling criteria and they grouped into multibacillary (MB) and paucibacillary (PB) pa-
tients. The control group consisted of 61 non-consanguineous contacts. NRAMP1 promoter
genotypes were obtained through amplification by the polymerase chain reaction (PCR) fol-
lowed by the detection through the low ionic-strength single strand conformational poly-
morphism (LIS-SSCP) electrophoretic technique. There were no significant differences in
the allelic and genotypic frequencies for alleles 2, 3, and 4 in relation to the Mitsuda test
among patients and household contacts, nor between those with MB and PB forms. How-
ever, individuals with a negative lepromin response associated with genotypes 22 and 23
presented a 7- and 8-fold greater chance of developing leprosy, respectively. Therefore, the
NRAMP1 gene promoter polymorphism exhibited an interaction with the lepromin re-
sponse, suggesting that allele 2 of the NRAMP1 promoter is an independent genetic factor
that predisposes cells to enable pathogen survival, probably due to its low efficiency in iron
transport. However, establishment of the infection and disease development may be condi-
tioned by other immunological and genetic factors.

RÉSUMÉ
Des résultats controversés ont été obtenus lorsque la relation entre le gène NRAMP1 et la

susceptibilité à Mycobacterium leprae ou bien la réaction de Mitsuda, qui représente une
réponse immunitaire spécifique contre M. leprae, a été étudiée. Cette étude a évalué l’asso-
ciation et également l’interaction entre le polymorphisme (GT)

n
de la région promotrice du

gène NRAMP1 et la réaction immunitaire spécifique contre M. leprae, mesurée par le test
intradermique de Mitsuda chez des patients lépreux et chez des personnes non-consanguines
en contact de ces patients. Le but de cette étude était d’évaluer l’association de ce polymor-
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Leprosy, caused by Mycobacterium lep-
rae, is a chronic disease that afflicts over
620,000 new cases per year, and most of
these patients are found in India and in
Brazil (38). The expression of the disease re-
sults from the interaction between the bacil-
lus and the immunological system in such a
way that most people infected develop an
effective immune response against the
bacillus without the presence of the disease,

while others exhibit a spectrum of clinical
manifestations intimately related to the im-
munological patterns of the host response to
the pathogen (11, 12).

At one end of the clinical spectrum is tu-
berculoid leprosy (TT), in which bacterial
growth is limited by a vigorous cellular im-
mune response with a predominance of the
CD4+ cells and the Th1-type cytokines (IL-2
and INF-γ) in the lesions of the skin. At the

phisme génétique avec la résistance ou la susceptibilité à la maladie, et/ou avec sa forme
clinique chez une population où la lèpre est endémique, qui est suivie par le Centre de
Référence d’Etat en Dermatologie Sanitaire et Lèpre, Université Fédérale de Uberlandia,
MG, Brésil. Les patients hanséniens (90) furent diagnostiqués selon les critères de Ridley et
Jopling et regroupés en patients multibacillaires (MB)et paucibacillaires (PB). Le groupe
contrôle comprenait 61 personnes contactes non-consanguines. Les génotypes de la région
promotrice du gène MRAMP1 furent obtenus en détectant le polymorphisme de conforma-
tion de simple brin en milieu de faible force ionique (LIS-SSCP) après amplification par la
réaction de polymérisation en chaîne (PCR). Aucune différence significative ne fut obtenue
entre les fréquences d’allélismes et de génotypes pour les allèles 2, 3 et 4 et les tests de Mit-
suda parmi les patients et les contacts, ainsi qu’entre les formes MB et PB. Les individus
présentant une réaction négative à la lépromine, associés au génotype 22 et 23, présentaient
un risque 7 et 8 fois plus grand de développer la lèpre, respectivement. Donc, une interac-
tion entre le polymorphisme de la partie promotrice du gène NRAMP1 et la réponse à la
lépromine existe, ce qui implique que l’allèle n°2 du promoteur de NRAMP1 est un facteur
génétique indépendant qui prédispose les cellules à la survie du pathogène, probablement
causé par la faible efficacité de ces cellules dans le transport du fer. Cependant, l’infection
primaire par le bacille et le développement de la maladie sont probablement liés à d’autres
facteurs immunologiques et génétiques.

RESUMEN
Cuando se ha tratado de asociar el gene de susceptibilidad a Mycobacterium leprae

NRAMP1, con la reacción de Mitsuda, se han encontrado resultados controversiales. La
reacción de Mitsuda representa una respuesta inmune específica hacia M. leprae. En este es-
tudio se evaluó tal asociación y la interacción del polimorfismo (GT)n en la región promo-
tora del gene NRAMP1 con el resultado de la reacción de Mitsuda en pacientes con lepra y
en contactos domésticos no consanguíneos. El objetivo del estudio fue evaluar la asociación
de este polimorfismo génico con la resistencia o susceptibilidad a la enfermedad, y/o con la
forma clínica de la misma en una población de una área endémica de Brasil atendida por el
Centro Estatal de Referencia en Dermatología Sanitaria y Lepra de la Universidad Federal
de Uberlandia, MG. Los pacientes con lepra (90), diagnosticados de acuerdo a los criterios
de Ridley y Jopling, se agruparon como multibacilares (MB) y paucibacilares (PB). El grupo
control consistió de 61 contactos domésticos no consanguíneos. Los genotipos del promotor
de NRAMP1 se obtuvieron por la reacción en cadena de la polimerasa (PCR) y por la téc-
nica electroforética LIS-SSCP (low ionic-strength single strand conformational polymor-
phism).

No se observaron diferencias significativas en las frecuencias alélicas y genotípicas para
los alelos 2, 3, y 4, en relación a la prueba de Mitsuda entre los pacientes y contactos domés-
ticos, ni entre los pacientes con las formas MB y PB. Los individuos con respuesta negativa
a la lepromina asociados a los genotipos 22 y 23 presentaron, respectivamente, 7- y 8-veces
más probabilidad de desarrollar la enfermedad. Por lo tanto, observamos que el polimor-
fismo en el gene promotor de NRAMP1 presentó una interacción con la respuesta a la lep-
romina, sugiriendo que el alelo 2 del promotor de NRAMP1 es un factor genético indepen-
diente que predispone, en las células, la supervivencia del patógeno, probablemente debido
a su baja eficiencia en el transporte de hierro; sin embargo, el establecimiento del bacilo y el
desarrollo de la enfermedad pueden ser condicionadas por otros factores inmunológicos y
genéticos.
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opposite end is lepromatous leprosy (LL),
in which the cytokine pattern found in the
lesions is of the Th2-type (IL-4, IL-5 and
IL-10), and CD8+ cells occur predomi-
nantly, along with a strong but inefficient
humoral response (19, 40).

The Mitsuda test, which consists of the
intradermal injection of a suspension of
heat-killed M. leprae, has been used as a
measure of the cell-mediated immune re-
sponse to the bacillus. The injection of the
bacillus produces a positive local intrader-
mal reaction in patients with tuberculoid
leprosy, while lepromatous patients do not
develop an intradermal reaction in response
to the bacillus. From a clinical standpoint,
the test is an important indicator of cellular
immunity to M. leprae. In patients with lep-
rosy it is considered to be of good prognos-
tic value for resistance when positive, and
for susceptibility when negative, and in
normal individuals a positive test is associ-
ated with a smaller risk of developing the
disease (15). Although individuals with a
negative Mistuda response present a higher
risk of developing lepromatous leprosy,
some may never develop the disease,
demonstrating that the relationship between
Mitsuda reactivity and resistance is not
fully established (15).

The origin of the inefficient immune re-
sponse in individuals with multibacillary
leprosy is uncertain, but the high rate of
correspondence of leprosy type between
identical twins favors the hypothesis of an
association with genetic factors (16). The
polymorphisms of the major histocompati-
bility complex (MHC) (20) and other genes
not related to the MHC, such as the gene of
the macrophage protein associated with nat-
ural resistance (NRAMP1, now known as
SLC11A1) (9, 21), vitamin D receptor gene
(VDR) (31), TAP1 and TAP2 genes (25),
have been associated with susceptibility to
leprosy. Other loci, such as the tumoral
necrosis factor (TNF) gene, linked to the
HLA region, have also been reported to be
able to determine the subtypes of leprosy
(32, 34).

The NRAMP1 gene is composed of 15
exons and is located on human chromo-
some region 2q35, and covers at least 16 kb
of DNA. It encodes a protein of 550 amino
acids, the human Nramp1 integral mem-
brane protein, that is found exclusively in

the lysosomal compartment of monocytes
and macrophages (9).

Over 10 polymorphic sites have been de-
scribed in the NRAMP1 gene. In the pro-
moter region of this gene, whose polymor-
phisms are functional since they affect the
expression of the Nramp1 protein, 4 alleles
were identified (1, 2, 3, and 4) (5). Alleles 2
and 4 are described as poor promoters of
NRAMP1 and consequently, could offer
protection against auto-immune diseases
but would increase the susceptibility to in-
fections by intracellular parasites. Allele 3
could yield larger expression of the Nramp1
protein, favoring protection against intra-
cellular parasites, but it could also be in-
volved in auto-immune syndromes (6).

Various studies have been carried out in
an attempt to establish a connection be-
tween the polymorphisms of the NRAMP1
gene and susceptibility/resistance to auto-
immune diseases (4, 7, 29, 36) and to diseases
caused by parasites, such as Salmonella ty-
phimurium, Leishmania donovani, and My-
cobacterium bovis (37).

One of the strategies to identify genomic
regions associated with disease-causing
genes is through genetic linkage studies
based on a statistical estimate of whether
two loci are likely to lie near each other,
called the LOD score (decimal logarithm of
an odds ratio: the odds that two loci are
linked with recombination fraction divided
by the odds that the two loci are unlinked,
recombination fraction 0.5) (10, 22). In the
traditional LOD scores, the boundary value
of 3 it has been used to indicate linkage,
and –2 for exclusion. Another strategy is
the use of odds ratio (OR) and its confi-
dence interval (CI) to indicate a chance for
an event occurrence based on the variation
of two categorical variables, with values of
0 and 1 (negative and positive results). The
odds ratio can be interpreted as a measure
of the magnitude of association between
two raters. Calculating the standard error of
log (OR), one can easily test the signifi-
cance of log (OR) and/or construct confi-
dence intervals (2).

Using LOD scores, haplotypes of the
NRAMP-1 gene promoter region were asso-
ciated with susceptibility to tuberculosis (5).
Linkage studies between resistance to lep-
rosy and polymorphisms of the NRAMP1
gene have not found any association of gene
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haplotypes with susceptibility to the disease
in the French Polynesia (30). However, a co-
segregation pattern was observed between
the two proximal markers to the NRAMP1
gene, a microsatellite and a single nu-
cleotide polymorphism (SNP), and suscepti-
bility to leprosy (1). On the other hand, a
linkage between the NRAMP1 gene and a
positive reaction to the Mitsuda test was
demonstrated in pairs of consanguineous in-
dividuals, regardless the presence or ab-
sence of leprosy (3). Another similar study
has found no association between this gene
and the Mitsuda test (16).

Consequently, the results obtained in the
latest studies proved to be insufficient for
an implication of the NRAMP1 gene with
the susceptibility and/or resistance to lep-
rosy, making it important to conduct further
studies that may confirm the influence of
this gene. This study evaluated the associ-
ation as well as the interaction of the poly-
morphism (GT )

n
in the promoter region of

the NRAMP1 gene with a specific immune
response to the M. leprae measured by the
intradermal Mitsuda test, in leprosy patients
and in non-consanguineous household con-
tacts, aiming to evaluate the association of
this gene with resistance or susceptibility to
leprosy, and/or with clinical form of lep-
rosy.

SUBJECTS AND METHODS
Subjects. Leprosy patients (90) and their

household contacts (61) from the State
Reference Center of Sanitary Dermatology
and Leprosy of the Federal University of
Uberlândia, (UFU), Minas Gerais (MG),
Brazil, were invited to take part in this
study, under the approval of the UFU Re-

search Ethical Committee. Leprosy patients
were diagnosed and classified according to
the criteria of Ridley and Jopling (28), con-
sidering: clinical examination, histopathol-
ogy of skin lesions, Mitsuda test, and the
bacilloscopic index (BI) (27). Patients with
undetermined types of leprosy were not
considered.

For genetic analysis, we have used an
adaptation of the WHO classification of pa-
tients (39), without considering the number of
lesions, but taking into account the lesions
characteristics and the bacilloscopic index.
Therefore, patients were grouped into pau-
cibacillary forms (45 patients), which con-
sisted of tuberculoid (TT) and borderline-
tuberculoid (BT) patients with negative
bacilloscopy, and into multibacillary forms
(45 patients), with mid-borderline (BB), bor-
derline-lepromatous (BL) and lepromatous
(LL) patients, who had a positive bacil-
loscopy.

The group considered as control was
ensured by careful dermatological exam-
ination, and was composed of non-
consanguineous household contacts who
had similar exposure to M. leprae, but with-
out symptoms or signs of the disease.

Mitsuda test. The Mitsuda antigen (sus-
pension containing 6.0 × 107 bacilli/ml,
heat-killed), supplied by the Instituto Lauro
de Souza Lima (ILSL, Bauru—SP), was in-
jected intradermally (0.1 ml) at the upper
third of the anterior face of the right fore-
arm. The readings were performed by an
experienced leprosy specialist 28 days after
inoculation. The results were measured in
millimeters and grouped for quantitative
and qualitative analysis (15). However, for a
genetic analysis using categorical data, all

FIG. 1. PAGE LIS-SSCP gel stained by silver. Lane 4 is from a patient of genotype “22”; lanes 1, 2, 3, 5, 6,
9, 10 and 13 are from patients with “23” genotype, lanes 8 and 12 are from patients with the “33” genotype, lane
7 is from “24” genotype, and lane 11 is from a “34” individual.
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patients and contacts were classified into
two classes, according to their response pat-
tern: “negative” for readings <7 mm, which
consisted of negative and weak positive (+)
reactions; and “positive” for readings ≥7
mm, which consisted of positive (++) and
strong positive (+++) reactions or with the
presence of fluctuant swelling and/or ulcer-
ations.

Genotyping for the polymorphism on
the NRAMP1 promoter gene. The DNA
was extracted using the phenol:chloroform
method described previously (33), with
some modifications, and its quality was an-
alyzed in agarose gels stained with ethid-
ium bromide.

The amplifications through the PCR used
the direct primer, 5′-CTCGCATTAGGC-
CAACGA and reverse 5′-TTCTGTGC-
CTCCCAAGTTAGC (31). The conditions
for PCR were 35 cycles at 95°C for 40 sec,
58°C for 40 sec and 72°C for 50 sec, pre-
ceded by initial denaturation of 95°C for 5
min and final extension at 72°C for 10 min.
The reactions occurred were performed in a
volume of 25 µl containing from 50 to 200
ng of genomic DNA, 1.5 mM of MgCl

2
,

200 µM of dNTPs, 7 pmol of each primer
and 1.5 U of Taq DNA polymerase (Invitro-
gen, Carlsbas-CA).

The alleles 2, 3, and 4, containing 200,
198, and 188 base-pairs, respectively, were
visualized in PAGE LIS-SSCP gel, 14%
acrylamide:bis (49:1), at room temperature,
with 10 V/cm for 24 hrs, followed by silver
nitrate staining (Fig. 1). All polymorphic
bands, representing all three alleles, were
excised from the gel and cloned (TOPO-TA
Cloning kit, Invitrogen, Carlsbas-CA) for
confirmation of allelic sizes through
dideoxy cycle sequencing. Allele 4 was also

confirmed by the molecular weight previ-
ously described (13). The LIS-SSCP strategy
allowed a fast and reliable characterization
of the (GC)n promoter variation of the
NRAMP1 gene, without using radioactivity
and/or restriction endonucleases.

Statistical analysis. The statistical analy-
ses were developed in SAS version 6.11
(1993) and Prophet version 5.0 (1996) pro-
grams. Comparisons of allelic frequencies
of the NRAMP1 promoter polymorphisms
among groups were evaluated by the t test.
The Hardy-Weinberg Equilibrium for the
NRAMP1 promoter polymorphisms in the
population was tested by the χ2 test. Re-
gression analysis was performed to deter-
mine the association among all possible
alleles and the Mitsuda test. Results of Mit-
suda test means among groups were evalu-
ated across NRAMP1 genotypes through
analysis of variance and t tests. The associ-
ation of the NRAMP1 genotypes and the
Mitsuda test was verified by Pearson’s cor-
relation and the χ2 test. Odds ratios were
determined for each genotype, Mitsuda
tests (negative versus positive) and their in-
teraction, comparing controls versus lep-
rosy patients, to calculate the chance of de-
veloping leprosy.

RESULTS
The allelic frequencies of the polymor-

phisms for the NRAMP1 gene promoter an-
alyzed by the chi-square test were not signif-
icantly different among groups (household
contacts, paucibacillary and multibacillary
patients) (Table 1). Frequencies of alleles 2
and 3 have been described elsewhere (6) to
be 0.25 and 0.75, respectively. However, in
this study, allele 2 presented higher fre-
quencies, which varied from 0.32 to 0.36.

TABLE 1. Allelic frequencies of the NRAMP1 gene promoter polymorphisms in leprosy
patients, classified in paucibacillary and multibacillary forms, and household contacts of
the State Reference Center of Sanitary Dermatology and Leprosy, UFU/SUS, Uberlândia,
Minas Gerais, Brazil.

Allelic frequency
Groups

2 3 4 N

Household contacts 0.369 0.574 0.057 61
Paucibacillary patients 0.333 0.600 0.067 45
Multibacillary patients 0.322 0.656 0.022 45

N = number of subjects.



TABLE 2. Mean and standard deviation of the Mitsuda test result for leprosy patients and
household contacts, according to the NRAMP1 promoter genotype, State Reference Center
of Sanitary Dermatology and Leprosy, UFU/SUS, Uberlândia, Minas Gerais, Brazil.

Mean and standard deviation of the Mitsuda test
NRAMP1

HC PB patients MB patients Totalgenotype
N M S.D. N M S.D. N M S.D. N M S.D.

22 8 6.6 2.2 4 6.3 6.3 4 0.8 1.5 16 5.1 4.1
23 24 8.6 3.4 18 5.6 2.9 20 0.4 1.0 62 5.2 4.4
33 22 6.5 3.6 17 6.1 3.8 20 0.0 0.0 59 4.2 4.3

24/34/44 7 7.0 4.2 6 8.7 2.7 2 0.0 0.0 15 6.7 4.3
Total 61 7.4 3.5 45 6.3 3.7 46 0.2 0.8 152 4.9 4.3

N = number of patients or contacts; M = mean; S.D. = standard deviation in millimeters; HC = healthy con-
tacts PB = paucibacillary; MB = multibacillary. Differences in t tests were the following: HC vs. PB (t = 1.56; p
= 0.06); HC vs. MB (t = 4.86; p <0.00001), and PB vs. MB (t = 10.8; p <0.00001).
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Allelic and genotypic frequencies presented
no statistical significance compared to those
described in a previous study (37). However,
significant differences were detected be-
tween alleles 2 and 3 within each group
evaluated (p = 0.0017), with significantly
lower frequencies of allele 2, 0.369, 0.333,
and 0.322, for household contacts, PB and
MB patients, respectively, in comparison to
allele 3, which presented frequencies of
0.574, 0.60, and 0.656, respectively.

The mean value of Mitsuda test of house-
hold contacts (7.4) was greater than that ob-
served in paucibacillary and multibacillary
patients (6.3, and 0.2, respectively) support-
ing the association of disease resistance
with the positive Mitsuda test. However,
there were no differences among Mitsuda
test means across NRAMP1 genotypes
(Table 2). The Mitsuda test values were fur-
ther transformed into qualitative results,
classifying groups as negative and positive,
as described. No association was found be-
tween NRAMP1 promoter genotypes or al-
leles and the Mitsuda test through regres-
sion analysis, using either quantitative or
qualitative data. However, an interaction
between them favoring leprosy occurrence
was demonstrated through odds ratio analy-
sis (Table 3).

Analysis of Mitsuda test results among
household contacts (HC), PB and MB pa-
tient groups revealed significant differences
(p <0.0001), except between contacts and
PB, which rvealed no differences (p = 0.06)
(Table 2).

The bacterial index (BI) results for pa-
tients were compared among all NRAMP1

gene promoter alleles and no significant dif-
ferences were detected for this variable
among NRAMP1 promoter genotypes.

Odds ratios were calculated for each
genotype in all combinations considering
the leprosy patients and control groups, and
very low values (under 1.0) were obtained,
with non-significant statistical confidence
intervals. The odds ratio for negative Mit-
suda and disease status (leprosy occur-
rence) was 4.65 (χ2 = 17.26; p <0.0001).

The lack of association between NRAMP1
genotypes and the Mitsuda test may lead 
us to consider them as two independent
events. Therefore, the interaction of the
NRAMP1 promoter genotypes and the Mit-
suda response was further investigated,
considering these as independent factors
that could interact favoring disease estab-
lishment. The odds ratios were obtained for
each genotype, comparing the Mitsuda re-
sponse between leprosy patients and house-
hold contacts (Table 3). Results were highly
significant for genotype 23 (OR = 8.09; CI
95%: 2.55 to 25.64) and for the combina-
tion of genotypes 22 and 23 (OR = 7.06; CI
95%: 2.57 to 19.39) when individuals pre-
sented a negative Mitsuda test. Genotype
22 presented a very high odds ratio (7.0)
with a marginal confidence interval close to
significance.

DISCUSSION
The present study has investigated the

polymorphism in the promoter region of the
NRAMP1 gene due to the strong evidence
that such variation may be associated with
the regulation of the gene, which is directly
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associated with susceptibility to infectious
disease (6). The results have demonstrated
that the prevalence of alleles 2, 3, and 4 of
the NRAMP1 gene promoter among groups
(household contacts, paucibacillary and
multibacillary leprosy patients) of this en-
demic area was not significantly different
from other populations, although the fre-
quency of the unfavorable allele 2 was 7%
to 11% higher than that observed elsewhere
(6). The higher prevalence of allele 2 in this
population may be an indication that the lo-
cal environment could be favoring or se-
lecting for a higher frequency of this allele.
However, it is believed that there may be a
balanced selection between alleles 2 and 3
due to their probable association to infec-
tious and autoimmune disease susceptibil-
ity, respectively (6).

This study focused on the polymorphism
in the promoter region of the NRAMP1
gene in order to investigate the hypothesis
that this polymorphism would be associated
with the degree of the expression of the
NRAMP1 gene, as proposed by previous
studies (6, 8), and that the higher expression
of the NRAMP1 gene would result in a
more vigorous response to the Mitsuda anti-
gen, with corresponding protection to the
multibacillary forms of leprosy. However,
no correlation was obtained between
NRAMP1 genotypes and the Mitsuda re-
sponse in this study, corroborating with re-
sults of other studies (16, 31). Similarly, asso-
ciation was observed with the different
forms of leprosy, as demonstrated previ-

ously (27). On the other hand, the 4-bp poly-
morphism in the NRAMP 3′-untranslated
region, detected in another study (18), was
not associated to leprosy per se, but it was
associated with one form of leprosy. There-
fore, the contradictory results regarding this
polymorphism were not able to confirm the
possible influence of the NRAMP1 poly-
morphisms on the clinical presentation of
leprosy.

The first evidence indicating an associa-
tion of the NRAMP1 gene with leprosy was
obtained in a segregation study of consan-
guinous pairs in 20 ethnic Chinese and
Vietnamese family groups, where a signifi-
cant non-random segregation was found for
the haplotypes of the NRAMP1 gene
among the consanguineous pairs (1). Addi-
tionally, in the segregation analysis accord-
ing to the LOD score, the NRAMP1 gene
haplotypes were associated with suscepti-
bility to tuberculosis (10) and with positive
results of the Mitsuda test (3).

The latter study (3), associated to a previ-
ous study of the same families (1), has
demonstrated a linkage of the chromosome
2q35 locus with Mitsuda response, which
has only identified a candidate region where
a gene is located near or at the locus con-
trolling the Mitsuda response. However, in
that investigation (3), a possible confound-
ing effect of disease status was shown on the
linkage test, which is highly influenced by
the Mitsuda response. It is also important to
notice that the small data set of consan-
guinous sib-pairs may have suffered an im-

TABLE 3. Chance of developing leprosy disease (odds ratios) by associating the
NRAMP1 promoter genotypes [5´(CT)n] and Mitsuda test results in leprosy patients and
household contacts (control), State Reference Center of Sanitary Dermatology and Lep-
rosy, UFU/SUS, Uberlândia, Minas Gerais, Brazil.

Mitsuda test (number of individuals)†
Genotype(s) Groups

Positive Negative
Odds Ratios (CI = 95%)‡

22 Control 4 4 7.00 (0.56–86.82)
Leprosy 1 7

23 Control 17 7 8.36 (2.64–26.45)*
Leprosy 9 30

33 Control 9 13 2.51 (0.79–7.97)
Leprosy 8 27

22 + 23 Control 21 11 7.25 (2.64–19.89)*
Leprosy 10 37

† Mitsuda test results: positive (37 mm) and negative (<7 mm).
‡Odds ratio followed by * indicates statistical significance. CI = confidence interval.
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portant genetic bias due to the allele fixation
in a very small number of families, which
favors allele coincidence, where sibs have a
75% probability of sharing at least one al-
lele. This is supported by the ethnic back-
ground: significant differences were ob-
served only for the Vietnamese population
(3), but not for Chinese (3), Brazilian (16),
and Indian (31) populations. Since the power
of LOD tests for establishing linkage or ex-
clusion is decreased with small data sets, as
demonstrated elsewhere (24), it is possible
that the linkage shown with the quantitative
Mitsuda trait (3) may be only a trend which
indicates a possible interaction with other
candidate immunological and genetic fac-
tors. Another important confounding effect
is the period and frequency of contact with
infected patients and the time required for
disease development, which can not be
recorded or accurately estimated, producing
a false positive linkage due to genotypic dis-
equilibrium in small populations. Contradic-
tory Mitsuda test results may further com-
plicate this analysis due to the presence of
positive Mitsuda individuals that develop
disease, as well as negative Mitsuda individ-
uals that will never develop leprosy, sug-
gesting that other factors may be contribut-
ing to the disease development. In fact, there
are very few linkage studies firmly estab-
lished for quantitative traits in humans, es-
pecially because statistical methods for ex-
clusion are still underdeveloped (24).

In our study, we have genotyped 90 pa-
tients and 61 non-consaguinous household
contacts. This population sample is a true
representation of allelic and genotypic fre-
quencies of the Brazilian population that is
in Hardy-Weinberg equilibrium. Differ-
ences between our study and results ob-
tained elsewhere (3) are related to the con-
sanguinity status and the number of patients
representing families. Our study represents
90 different families, while the earlier stud-
ies represent 20 nuclear families. However,
the allelic and genotypic frequencies distri-
bution in these two populations could not
be compared since no genotypic informa-
tion was provided on the study with 4 Chi-
nese and 16 Vietnamese families (3), nor
was possible to verify the frequency of the
other microsatellite loci and their linkage
with the Mitsuda tests.

An earlier study of 30 individuals (22

healthy and 8 leprosy patients) did not de-
tect any association of the loci 274C/T,
D543N and 1729 of the NRAMP1 gene
with the positive reaction to the Mitsuda
test (16). Additionally, the LOD score tested
in 7 family groups in French Polynesia,
including 39 leprosy patients and 45
healthy individuals, was not significant for
NRAMP1 haplotypes and leprosy associa-
tion (30). Another investigation also failed to
detect an association of the promoter (GT)

n
region, the 274C/T and the TGTG deletion
with the lepromatous and tuberculoid forms
of leprosy (31). All these observations are in
agreement with this investigation, which
has not found any association between
NRAMP1 promoter polymorphisms with
leprosy per se, nor with Mitsuda tests or
with leprosy types. However, the NRAMP1
gene may have influence over the patho-
genicity of leprosy, since there is increasing
evidence favoring the linkage of the locus
NRAMP1 with tuberculosis, which is also a
disease in which macrophage infection is
important (14).

Although there is a high association of
the positive Mitsuda test with leprosy resis-
tance, the high variability of these tests in
household contacts and PB patient’s groups
observed in this study supports the hypoth-
esis that resistance to leprosy is conditioned
by multiple genes (23, 26), and these genes
may be masking the true effect of the
NRAMP1 gene in the disease outcome.

No interaction between Mitsuda tests and
NRAMP genotypes has previously been
investigated relating the two variables to
leprosy. This is the first study that uses
combined data of NRAMP1 genotypes and
Mitsuda tests classes to estimate the chance
of developing leprosy. The odds ratio for
negative Mitsuda and leprosy occurrence
was highly significant (OR = 4.65) as shown
elsewhere (15) corroborating the close asso-
ciation of negative Mitsuda results and lep-
rosy susceptibility. On the other hand, the
odds ratio for allele 2 and leprosy occur-
rence was non-significant (OR = 0.88; p
>0.05).

However, in this study we have also
shown a very important interaction between
NRAMP1 gene and Mitsuda tests. The lack
of association between the two variables
may lead us to consider them as two inde-
pendent events that may interact with each
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other. The NRAMP1 promoter genotypes
22 and 23 were found to be unfavorable
genotypes when present in combination
with a negative Mitsuda response, showing
an approximately 7-fold greater chance of
developing leprosy disease. The high odds
ratio for genotype 22 (7.0) with a confi-
dence interval not quite reaching signifi-
cance (probably due to the low number of
individuals evaluated in this class, provides
an indication that this genotype may also
present the same significant tendency of
genotype 23) suggests that a dominance of
allele 2 favors pathogen survival. Conse-
quently, the susceptibility phenotype could
be determined by the association between
autologous factors such as low-activity of
the NRAMP1 gene promoter alleles, point
mutations and/or deletions with influence
upon the transporting function of iron ions
of the NRAMP1 protein, and several ex-
ogenous factors. These results are sup-
ported by other studies (20, 21) which suggest
that susceptibility to leprosy is multigenic,
with a high heterogeneity among different
populations studied. In this sense, a com-
plex genetic model of susceptibility to lep-
rosy could make detection of linkage diffi-
cult (1).

Recently, a complex segregation analysis
and a genome-wide scan have demonstrated
that the susceptibility to the disease itself or
its progression may be related to different
genetic factors. Siddiqui, et al. (35) identi-
fied a major susceptibility locus to leprosy
(10p13) regardless of the polygenic nature
of the disease. On the other hand, it was
demonstrated that the segregation of the
HLA/TNF region, locus 6p21, has a strong
link to the development of the clinical
forms of leprosy (21).

Mira, et al. (20) proposed a genetic model
for leprosy susceptibility in two phases:
susceptibility of the disease itself would be
linked with non HLA genes such as the
NRAMP1, in other words, genes that would
control the progress of the infection until
the development of the clinical symptoms
of the disease, while the loci linked to the
HLA would determine the subtypes of lep-
rosy.

The hypothesis that the differential
NRAMP1 gene expression is related to M.
leprae survival (6) instead of microbial pro-
liferation (17) is supported by this study that

demonstrated that there was no association
of the NRAMP1 promoter genotypes and
the bacilloscopic index. Hence, the low ex-
pression of the iron transport protein
(NRAMP1), conditioned by the allele 2,
may function in microbial persistence, es-
pecially in Mitsuda-negative individuals.

We propose that the NRAMP1 gene fa-
vors microbial survival, probably by trans-
porting the iron inefficiently, but it will only
affect the development of clinical symp-
toms in association with other immunologi-
cal and genetic factors, as demonstrated by
the interaction with a negative Mitsuda test.
Therefore, leprosy susceptibility can not be
conditioned by a unique gene; instead, it is
a function of multifactorial host conditions
that require at least two independent molec-
ular events that interact to each other.
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Rifampin is a key component of multi-
drug therapy (MDT) suggested by the
World Health Organization (WHO) in the

treatment of leprosy (19). Resistance to ri-
fampin often gives rise to treatment failure,
which subsequently threatens the effective
control of leprosy (1, 8). However, resistance
to rifampin has been constantly docu-
mented since 1976, by using standard
mouse footpad assay (2, 4, 12, 13, 15, 18). For this
reason, it is suggested that clinically sus-
pected relapsed leprosy cases and those
who exhibit an unsatisfactory response to
antileprosy therapy should be subjected to
drug susceptibility testing. Understanding
of drug resistance is essential for the effec-
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A Mutation at Codon 516 in the rpoB Gene 

of Mycobacterium leprae Confers Resistance 

to Rifampin1

Liangfen Zhang, Masako Namisato, and Masanori Matsuoka2

ABSTRACT
A missense mutation at codon 516 in the rpoB gene of Mycobacterium leprae conferring

rifampin resistance was confirmed by the correlation between sequencing results and mouse
footpad assay. The isolate was obtained from a relapsed lepromatous leprosy patient. This is
the first report on the complete concordance between the mutation located at codon 516 in
the rpoB gene and the corresponding resistance to rifampin in leprosy. The novel profile of
mutation in the rpoB gene will contribute to the comprehensive understanding of rifampin
resistant patterns and offer a useful tool for developing simple and rapid drug susceptibility
testing approaches, which would promise more effective and successful control of leprosy.

RÉSUMÉ
Une mutation faux-sens localisée au codon 516 du gène rpoB de Mycobacterium leprae

a permis l’expression d’une résistance à la rifampicine, qui a été confirmée par une corréla-
tion entre les résultats du séquençage et le test d’inoculation à la patte de souris. L’isolat a
été obtenu à partir d’un patient souffrant de lèpre lépromateuse et qui a rechuté. Ceci est le
premier article rapportant une concordance complète entre la mutation localisée au codon
516 du gène rpoB et une résistance à la rifampicine dans le contexte de la lèpre. Ce nouvel
éventail de mutation du gène rpoB va contribuer à une compréhension plus complète des al-
ternatives de résistance à la rifampicine. Il devrait offrir un outil utile au développement
d’approches pour le test simple et rapide de la résistance à la rifampicine, qui devrait résul-
ter en un contrôle plus efficace et réussi de la lèpre.

RESUMEN
Una mutación sin sentido en el codón 516 del gene rpo B de Mycobacterium leprae, que

le confiere resistencia a la rifampina, fue confirmada por correlación de los resultados de la
secuenciación y del ensayo en la almohadilla plantar del ratón. La cepa fue obtenida de un
caso de recaída de lepra lepromatosa. Este es el primer reporte sobre la concordancia per-
fecta entre la mutación localizada en el codón 516 del gene rpo B y la resistencia a la ri-
fampina en la lepra. El nuevo perfil de mutación en el gene rpo B, aparte de que ayudará a
entender los patrones de resistencia a la rifampina, constituye una nueva herramienta para el
desarrollo de métodos simples y rápidos para probar la susceptibilidad de la bacteria a la
droga, lo cual seguramente contribuirá al control exitoso y efectivo de la lepra.
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tive treatment and control of leprosy. There-
fore, simple and rapid methods for drug re-
sistance testing are necessary. To establish
such methods, solid basic data for the corre-
lations between mutation and phenotype of
drug resistance are required. In the present
study, an isolate obtained from a relapsed
Japanese leprosy patient was investigated
for drug susceptibility testing by both ge-
netic analysis and the standard mouse foot-
pad method. It has been assumed that muta-
tions which cause rifampin resistance in
Mycobacteium tuberculosis are almost the
same as in M. leprae. Although it has been
confirmed that mutations at codon 513, 526,
531, and 533 in the rpoB gene of Mycobac-
terium leprae confer rifampin resistance, no
substantial evidence shows whether a muta-
tion at codon 516 relates to rifampin resis-
tance or not. The goal of this report was to
confirm the missense mutation at codon 516
in the rpoB gene conferring rifampin resis-
tance.

MATERIALS AND METHODS
M. leprae isolate. The isolate, named as

Kusatsu-6, was detected in a skin biopsy
sample obtained from a 75-yr-old Japanese
lepromatous leprosy male patient. The pa-
tient had been treated with dapsone
monotherapy for 18 yrs, and then with ri-
fampin alone for 10 yrs before another 14
yrs monotherapy of dapsone. The patient
relapsed and, because he was considered
likely to have taken his medicine irregularly
and had had long-term monotherapy, he
was suspected of harboring drug-resistant
M. leprae.

Drug susceptibility testing in the
mouse footpad. The biopsy specimen was
processed to recover M. leprae in the same
manner as previously described (12). The
initial bacillary suspension containing 1.0 ×
106 in 0.05 ml of Hank’s balanced salt solu-
tion (HBSS) was inoculated into the hind
footpads of BALB/c-nu/nu mice since the
viability of the bacilli in the material treated
with antileprosy drugs was unknown. Ap-
proximately 12 months after inoculation,
bacterial suspension for drug susceptibility
testing was prepared from the nude mice
footpads, which had shown bacillary multi-
plication. Drug susceptibility testing, for
dapsone, rifampin, ofloxacin, sparfloxacin,
clofazimine, and clarithromycin was per-

formed in the same manner as previously
presented (11, 12, 13). Additionally, 0.08%
minocycline (3) was added to the drug
group for susceptibility testing in the pre-
sent study. Bacillary growth in the mice
footpads was examined after treatment with
each drug for 25 weeks (17).

Genetic analysis for mutation. Se-
quencing was conducted as previously re-
ported (11). Briefly, the initial biopsy sus-
pension of Kusatsu-6 was partially purified
by differential centrifugation and the pellet
was resuspended in 50 µl of lysis buffer
consisting of Proteinase K and Tween 20,
then incubated at 60°C for 18 hr, followed
by snap freeze-heating (–84°C for 30 min
and then 98°C for 10 min) to extract the ge-
nomic DNA and inactivate proteinase K.

Primers with the following sequences
were used: folP F 5′GCT TCT CGT GCC
GAA GCG CTC3′ and folP R 5′GCC ATC
GCG GGA TCT GCT CGC CCA3′; rpoB
F0 5′CAG GAC GTC GAG GCG ATC
AC3′and rpoB R0 5′CAG CGG TCA AGT
ATT CGA TC3′; gyrA FN 5′CAG GTG
ACG GTT CTA TAC AG3′ and gyrA RN
5′TAC CCG GCG AAC CGA AAT TG3′.
These amplimers target a 388-bp fragment
of the folP gene, a 382-bp fragment of the
rpoB gene and a 342-bp of the gyrA gene in
M. leprae, which contain mutations corre-
sponding to dapsone-, rifampin-, and
quinolone-resistance, respectively. DNA
was amplified by G mixture of FailSafe
PCR System (EPICENTRE, Madison, WI.
U.S.A.), the amplified product was verified
by electrophoresis and recovered by using
MinElute Gel Extraction Kit (QIAGEN,
GmbH, Germany). The sequencing reaction
was performed by the BigDye Terminator
Cycle Sequencing FS Ready Reaction kit
(Perkin-Elmer Applied Biosystems, Nor-
walk, CT, U.S.A.). Direct sequencing of the
PCR products was performed with the ABI
Prism 310 Genetic Analyzer (Perkin-Elmer
Applied Biosystems, Norwalk). Sequencing
data was analyzed by the DNASIS program
(Hitachi Software Engineering, Yokohama,
Japan), as presented elsewhere (9, 11, 14). The
DNA sequence was compared with that in
the GenBank database.

RESULTS
Drug susceptibility in the mouse. Bacil-

lary growth in mouse footpads administered
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0.01% rifampin, 0.01%, 0.001% and
0.0001% dapsone showed almost the same
level of growth as observed in the control
mice. No bacillary growth was noticed in
footpads of mice treated with ofloxacin,
sparfloxacin, clofazimine, clarithromycin,
and minocycline (Fig. 1). According to the
results of this mouse footpad assay,
Kusastsu-6 was concluded to be resistant to
rifampin and dapsone at high concentration,
but susceptible to the other drugs men-
tioned above.

Genetic analysis. The expected PCR
products of the folP, rpoB and gyrA gene
was successfully obtained from Kusatsu-6.
The sequencing results displayed a mis-
sense mutation in the rpoB gene, affecting
the codon at position 516 (numbering sys-
tem applied for E.coli), GAT → TAT, lead-
ing to an amino acid substitution, Asp →
Tyr, simplified as Asp-516-Tyr (Fig. 2).
Similarly, a missense mutation at codon 55
(CCC→CTC, Pro-55-Leu) in the folP gene
was revealed. No mutation was found at
codon 89 or 91 in the gyrA gene.

DISCUSSION
Single point mutations within an 81-bp

region in the rpoB gene involving 5 codons,
Gly-513, Asp-516, His-526, Ser-531 and
Leu-533 have been proved to lead to ri-
fampin resistance in Mycobacterium tuber-

culosis (16, 20). The deduced amino acid se-
quence of this region presented 100% iden-
tity to that in M. leprae (22). According to
the highly conserved nature of this region in
the rpoB gene, six distinct mutations affect-
ing 4 codons (Gly-513, His-526, Ser-531
and Leu-533) within this region carrying re-
sistance to rifampin have been already clar-
ified in M. leprae (1, 5, 11, 13, 22). Nevertheless,
until now there has been direct evidence to
explain whether the mutation at codon Asp-
516 in the rpoB in M. leprae is linked to ri-
fampin resistance, even if in Mycobacte-
rium tuberculosis mutation at this codon
Asp-516 confers rifampin resistance. To our
knowledge, the present study is the first re-
port to elucidate that this mutation at codon
516 is responsible for rifampin resistance in
M. leprae.

As we know, the standard mouse footpad
assay, which has been employed for drug re-
sistance testing in leprosy for 40 yrs, re-
quires not only long periods of at least 12
months to get results, but also requires con-
siderable facilities, expertise and rigorous
restrictions on the conditions of the M. lep-
rae examined (7, 8). Therefore, it is necessary
and urgent to establish rapid and routinely
applicable approaches for the detection of
drug resistance in leprosy. Recently, the
characterization of the mutations at codons
Gly-513, His-526, Ser-531 and Leu-533

FIG. 1. Bacillary growth in footpads of mice administered anti-leprosy drugs.
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have been used to set up simple and feasi-
ble alternative protocols. PCR-single strand
conformation polymorphism (PCR-SSCP)
(6), PCR-heteroduplex formation assay
(PCR-HDF) (22), solid-phase hybridization
to oligonucleotide capture probes (7) and
Touch-Down PCR (10) have yielded satis-
factory preliminary evaluations in leprosy.
On the other hand, a comprehensive under-
standing of mutations in the rpoB gene cor-
related with rifampin resistance enhances
the reliability and integrity of promising
methods for drug susceptibility testing. This
novel profile of the mutation at codon Asp-
516 contributes to data on mutation patterns
of rifampin resistant M. leprae, and is cer-
tainly worthwhile in the determination of
drug susceptibility testing in leprosy. The
multiplication of Kusatsu-6 in mouse foot-
pads treated by rifampin indicated the full
concordance with the missense mutation of
Asp-516-Tyr in the rpoB gene.

In addition, the molecular mechanisms of
dapsone- and quinolone-resistant M. leprae
have been adequately described so far.
Dapsone-resistant relevant mutations are
limited at condons 53 and 55 in the folP
gene (9, 21) whereas mutations reflecting re-
sistance to quinolone affect codon 89 and
91 in the gyrA gene (11). Our results clearly
demonstrated that the dapsone-resistant M.
leprae harbored a missense mutation at
codon 55 (CCC→CTC, Pro-55-Leu) in the
folP gene. Mutations in the folP gene are
commonly detected among Japanese re-
lapsed leprosy cases because MDT was not
applied to them until 2000, as we discussed
previously (13). In spite of this, the lack of
bacillary growth in the mice footpads ad-
ministered ofloxacin and sparfoxacin was
identical to the result of the gyrA sequenc-
ing. All the results presented complete

agreement between in vivo susceptibility
and genetic tests.

In conclusion, the verification of the mu-
tation at condon Asp-516 in the rpoB gene
is involved in rifampin resistance in M. lep-
rae. This finding offers valuable information
for molecular drug susceptibility testing in
leprosy and hopefully will help to provide a
useful tool for the further successful control
of leprosy all over the world.
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Lupus vulgaris (LV) is a chronic, pro-
gressive form of cutaneous tuberculosis oc-
curring in individuals with a moderate to
high degree of immunity. The characteristic
lesion is a plaque composed of reddish
brown nodules, which on diascopy reveals
an “apple jelly” color. The disease process

is usually associated with scarring and atro-
phy causing considerable tissue destruction
over many years. The common clinical
forms include papular, nodular, plaques, ul-
cerative and tumid lesions but atypical mor-
phology is becoming more common. Un-
common forms, such as frambosiform,
gangrenous or ulcero-vegetating type of le-
sions too have been documented (3). The
term “lupus” means wolf; perhaps the name
alludes to the appearance of a face that has
been chewed by a wolf (1). Such “wolf
eaten” appearance is uncommon and seen
only in the severe, ulcerative, mutilating
type of lupus vulgaris of the face.

The more destructive and mutilating
forms have become rarer, at least in im-
munocompetent patients, due to better
awareness, effective treatment regimens
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“Were-Wolf” Cutaneous Tuberculosis1, †
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ABSTRACT
Lupus vulgaris is a variant of cutaneous tuberculosis. Its more destructive and mutilating

clinical forms have become rarer in consonance of a general decline of cutaneous tubercu-
losis. It is rarely seen now in developed countries due to stringent control measures, im-
proved quality of living and effective therapeutic regimens. Misdiagnosis, neglect, or late di-
agnosis may result in severe, ulcerative and mutilating “wolf eaten” skin lesions.

This paper describes four such cases of “were-wolf” cutaneous tuberculosis. Early diag-
nosis and treatment is important to prevent much of the disfigurement.

RÉSUMÉ
Le lupus vulgaire est la variante la plus commune de la tuberculose cutanée. Ses formes

cliniques plus destructives et plus mutilantes sont devenues rares, en relation avec un déclin
général de la tuberculose cutanée. Il est rarement observé maintenant dans les pays dévelop-
pés où il existe des mesures rigoureuses de contrôle, une qualité de vie améliorée et des traite-
ments efficaces. Des erreurs de diagnostic, des négligences ou encore un diagnostic tardif
peuvent résulter en des lésions cutanées ulcéreuses et mutilantes dites ‘en morsure de loup.’

Cet article décrit quatre de ces cas de tuberculose cutanée dite ‘de loup.’ Un diagnostic
précoce et un traitement sont importants afin d’éviter que le patient ne soit défiguré.

RESUMEN
Lupus vulgaris es una variante común de la tuberculosis cutánea. Sus formas más de-

structivas y mutilantes han llegado a ser muy raras, en consonancia con la disminución gen-
eral de la incidencia de la tuberculosis cutánea. Actualmente se observa raramente en los
países desarrollados debido a las estrictas medidas de control, al mejoramiento en la calidad
de vida y a los regímenes terapéuticos efectivos. El diagnóstico equivocado, el descuido, o
el diagnóstico tardío, favorecen el desarrollo de lesiones dérmicas severas, ulcerativas y mu-
tilantes, conocidas como “mordidas de lobo.”

Este artículo describe 4 casos de tuberculosis cutánea tipo “mordida de lobo.” El diag-
nóstico y tratamientos tempranos son importantes en la prevención de esta condición clínica
desfigurante.
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and better access to health care facilities.
However, the diagnosis of LV may often be
delayed when the index of suspicion is low,
especially in the developed countries,
where the disease has become very rare (15).
As the disease has potential to mutilate
when left untreated, leaving deforming
scars and disfigurement, an early diagnosis
is of paramount importance.

We present here four cases of this disease
that is not so rare in developing countries
where the importance of high clinical suspi-
cion, early diagnosis and treatment can not
be over emphasized.

Case 1. This 24-yr-old male patient pre-
sented with multiple, asymptomatic, and
slowly progressive facial lesions and de-
formed nose. History revealed that about 10
yrs earlier he had developed a nodulo-
plaque lesion over right submandibular
area. Similar new lesions continued to ap-
pear all over the face in the next 4 to 5 yrs.
He had also developed deformity of the tip
of the nose and right eye during this period.
There was no history of any major systemic

illness any time during the course of his dis-
ease. For his cutaneous lesions, various
medical practitioners had treated him at dif-
ferent times during his illness, but to no
avail.

Cutaneous examination showed (Fig. 1)
multiple, multicentric, papulo-nodulo-plaque
lesions of variable size and shapes over
both cheeks, the malar area of face, nose
and upper lip. The lesions were discrete, but
had coalesced at places to form bigger
lesions. A few lesions also showed subtle,
adherent scales. There was loss of both 
alae nasi (more loss on the left), contrac-
tures of the right upper eyelid with cicatri-
cial ectropion, loss of eyelashes and partial
destruction of lid margins. The eyelashes of
the left eye were partially absent due to
lesions over lid margins. Both naso-
lacrymal ducts were blocked resulting in
epiphora. A few lesions showed healing
with atrophic, paper-thin scars. Examina-
tion of the nasal cavity revealed partial de-
struction of the nasal septum and extension
of facial lesions inside. There was no re-

FIG. 1. Mutilating facial lesions of lupus vulgaris. Note: Parrot-beak nose and cicatricial ectropion.
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gional lymphadenopathy. Oral mucosa,
hair, nails, and other systemic examination
were normal.

Laboratory investigations, including
complete blood counts, ESR, blood sugar,
hepatorenal function tests, x-ray films for
chest and paranasal sinuses, ultrasonogra-
phy of abdomen, HIV serology, urinalysis,
and sputum examination for acid-fast
bacilli (AFB), did not show any abnormal-
ity. The Mantoux test was positive, measur-
ing 15 × 20 mm. Histopathology from one
of the lesions showed an unremarkable epi-
dermis, a few epitheloid cell granulomas
with Langhan’s giant cells in the dermis and
at places small areas of necrosis. No acid-
fast bacilli (AFB) could be demonstrated ei-
ther in direct smears, histopathologic sec-
tions or from culture of biopsy specimen on
Loewnstein-Jensen (LJ) medium.

Treatment with rifampicin 450 mg/day,
isoniazid 300 mg/day, ethambutol 800
mg/day and pyrazinamide 1250 mg/day was

effective within a month in checking the
progress of the disease and further tissue
destruction. This treatment was continued
for one month more. During the continua-
tion phase of the next four months the pa-
tient received only rifampicin and isoni-
azid. All the lesions healed completely but
with disfiguring scarring.

Case 2. This 40-yr-old male patient was
hospitalized with progressive loss of his
nose tip associated with foul smelling dis-
charge. He stated that a year earlier he had
an erythematous, papulo-nodulo-plaque le-
sion over the tip of the nose associated with
swelling of the nose and surrounding area.
The lesion was progressive in size and had
resulted in loss of tip of the nose during this
period. He had no associated systemic
symptoms at any time during the course of
his disease. Treatment from local practition-
ers had not been helpful.

Cutaneous examination (Fig. 2) revealed
destruction of the tip of the nose and nasal

FIG. 2. Destruction of the tip of the nose and nasal septum.
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septum, exposing a nasal cavity full of foul
smelling exudate. There was erythema and
edema of surrounding skin. An ill defined,
erythematous, infiltrated, and locally crusted
plaque involved the philtrum, nose, left
cheek, and nasal bridge. A few small and
isolated plaques were also present on the
forehead and left infra-orbital area. There
was no regional lymphadenopathy. Exami-
nation of oropharynx, hair, nails and other
systems did not reveal any abnormality.

A high ESR (70 mm in 1st hr) and nega-
tive Mantoux test were the only abnormali-
ties found in the various laboratory investi-
gations carried out. Histopathology was
consistent with lupus vulgaris. AFB could
not be demonstrated in direct smears,
histopathology or culture.

The patient was treated with rifampicin
450 mg/day, isoniazid 300 mg/day, ethambu-
tol 800 mg/day, and pyrazinamide 1250
mg/day for the initial two months. Lesional
erythema and induration subsided within
the first month of treatment. The treatment
with rifampicin 450 mg/day and isoniazid
300 mg/day was continued for next four
months. All lesions healed with scaring and
disfigurement at the end of treatment.

Case 3. This 16-yr-old girl was hospital-
ized with a large, ulcerated, crusted lesion
involving the nostrils and lips, of four years
duration. It had started as a small nodulo-
plaque lesion over the upper lip that pro-
gressively enlarged to involve the nearby
areas. She had no other associated systemic
symptoms.

Cutaneous examination showed a large
ulcerated lesion involving alae nasi, nos-
trils, and the entire upper and lower lips. It
was covered with thick hemorrhagic crusts,
with fissuring and a tendency to bleed.
There was diffuse erythema, edema, and in-
filtration of surrounding skin extending ir-
regularly beyond the central crusted lesion
(Fig. 3). Examination of the oral cavity
showed irregular, erythematous, granulat-
ing patches over the hard palate. The nasal
cavity could not be examined due to exu-
dates and bleeding from the lesions. The
nasopharynx did not show any lesions.

Labratory investigations did not reveal
any abnormalities. The Mantoux test was
positive, measuring 20 × 24 mm. Histo-
pathology showed features of lupus vul-
garis. AFB could not be demonstrated in
any of the specimens.

FIG. 3. Infiltrated, fissured, crusted and hemorrhargic lesions of lupus vulgaris involving nostrils, lips and
surrounding skin.
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The lesions showed healing after four
weeks of rifampicin 450 mg/day, isoniazid
300 mg/day, ethambutol 600 mg/day and
pyrazinamide 1000 mg/day. After two
months of intensive treatment with these
drugs she showed further improvement.
Treatment was continued for four months
with rifampicin 450 mg/day and isoniazid
300 mg/day. Scarring and cicatricial mi-
crostomia remained afterwards.

Case 4. This 28-yr-old female patient
presented to us with almost complete loss
of right earlobe. It had started about 10 yrs
prior, following a cosmetic ear piercing,
which had developed into an asymptomatic,
slowly progressing non-healing ulcerative
lesion having intermittant purulent dis-
charge. Slowly and steadily her earlobe was
lost as the tissue eroded (Fig. 4).

Cutaneous examination revealed an ab-
sent right earlobe almost extending to the
cartilage. The residual part had ragged
edges, erythematous and granulomatous in-
filtration and crusting in places. There was
no regional lymphadenopathy. Hair, nails,
and mucous membranes were normal.

There were no associated systemic symp-
toms. Systemic examination did not reveal
any abnormality.

Laboratory investigations, carried out as
in other cases, did not demonstrate any ab-
normality. Histopathology showed a normal
epidermis, but the dermis had a few ill-
formed epitheloid cell granulomas. The
dense inflammatory lymphoplasmacytic in-
filtrate extended into and involved the sub-
cutaneous tissue. Staining for AFB was
positive. The Mantoux test could not be
carried out due to non-availability of tuber-
culin at the time. Culture of the biopsy
specimen on LJ medium did not show
growth of mycobacteria.

She was lost to follow-up after initiation
of antituberculosis treatment.

DISCUSSION
Cutaneous tuberculosis has declined after

the introduction of highly effective antitu-
berculosis treatment regimens. In an Indian
study (11), cases of cutaneous tuberculosis
comprised only 0.15% of all dermatology
out-patients compared to previously re-

FIG. 4. A disfigured ear lobe.
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ported incidence of 0.25% and 0.59% (9, 13).
Lupus vulgaris is the most common variant
of cutaneous tuberculosis, accounting for
nearly 59% of secondary skin tuberculosis
cases in India with an average prevalence of
0.37% among general dermatology patients
(7, 12). It has become so rare in USA that
“Lupus,” unqualified, means lupus erythe-
matosus and not lupus vulgaris (1).

Lupus vulgaris is acquired exogenously
by direct inoculation of the bacilli or en-
dogenously via hematogenous or lymphatic
spread from associated tuberculosis of other
organs. Primary inoculation tuberculosis
comprises 0.14% of all primary tuberculous
lesions, i.e., tuberculous chancre and the
primary tuberculous complex (14). The latter
is a cutaneous analog of as the Ghon com-
plex primary pulmonary tuberculosis and
evolves into inoculation lupus vulgaris. Al-
though primary inoculation lupus vulgaris
has been reported (8, 10) it is not very fre-
quent. The disease shows a predilection for
the face and almost 80% of the lesions are
seen over the head and neck. On the face it
tends to involve the nose, earlobes, upper-
lip and frequently extends to the contiguous
mucosal surfaces.

Nasal lesions start as nodules that bleed
easily and then ulcerate, sometimes de-
stroying the cartilage. Destruction of the
whole nose may occur leaving only orifices
and the posterior parts of septum and
turbinate visible. The upper-lip, when in-
volved, becomes swollen, thickened, and
fissured having adherent crusts and a ten-
dency to bleed. Granulating, vegetating, or
ulcerative lesions of the buccal mucosa,
palate, gingiva, or oropharynx may occur
from direct extension or by lymphatic
spread from nasal lesions.

Spontaneous healing may occur but not
without scarring, atrophy, contractures, and
tissue destruction. On the face, such mutila-
tions and scarring leads to “parrot-beak”
nose, ectropion and atrophied lips that may
eventuate in a “were-wolf” appearance.

Sarcoidosis and rosacea may sometimes
simulate early lupus vulgaris. Histopathol-
ogy and tissue culture studies may also be re-
quired as clinical differentiation from several
diseases is often difficult, including tertiary
syphilis, chronic discoid lupus erythemato-
sus, deep mycoses (sporotrichosis, blastomy-
cosis, chromoblastomycosis), leishmaniasis,

and—more commonly—leprosy. It is impor-
tant that biopsies taken are deep enough to
be representative.

Demonstration of a classical tubercular
granuloma on histropathology is diagnostic
but caseation necrosis is usually sparse or ab-
sent (6). Demonstration of AFB in Ziehl-
Neelson stained tissue smears, or their recov-
ery in culture on LJ medium is disappointing
in most instances. AFB were present in only
5% patients of lupus vulgaris in a recent
study (8). Scattered, non-caseating, compact
epitheloid cell granulomas sparsely sur-
rounded by lymphocytes are characteristic of
sarcoidosis. Tuberculoid leprosy is differenti-
ated be neural and perineural granulomatous
inflammation. Tertiary syphilis shows more
pronounced vascular changes and plasma
cell infiltrates. Non-specific tuberculoid in-
filtrates without formation of typical tuber-
cles is seen in rosacea. Demonstration of
causative organisms in histologic sections or
cultures will be diagnostic in leishmaniasis
and deep mycoses.

The diagnostic value of a positive Man-
toux test is ambiguous if the patient has had
BCG vaccination or other mycobacterial
exposure. A strongly positive test is signifi-
cant but the sensitivity decreases with ad-
vancing age, early treatment, and condi-
tions that reduce delayed hypersensitivity.
Other than these factors and technical errors
(e.g., subdermal injection of tuberculin),
about 5% of patients do not react to ordi-
nary intermediate strength of tuberculin
used, for reasons unknown (4).

Polymerase chain reaction (PCR) pro-
vides rapid, specific and sensitive testing
for M. tuberculosis. In polymerase chain re-
actions (PCR), discrete fragments of DNA
are specifically amplified from specimens
in cutaneous tuberculosis. A specific M. tu-
berculosis genome fragment, mtp 40, has
been identified that allows prompt differen-
tiation from atypical mycobacteria (16). The
high cost and need of expertise, however,
limit its routine use.

All of our patients exhibited classic fea-
tures of lupus vulgaris. An early diagnosis
and specific treatment would have prevented
much of the mutilation. It is baffling that all
these patients neglected themselves or could
not be diagnosed for years especially in this
era of diagnostic and therapeutic advance-
ments. It seems that in the absence of symp-
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toms such disfigurement (even of the face)
remains of little consequence in view of the
high cost of treatment or specialized con-
sultations. We feel that a high index of clin-
ical suspicion is of foremost importance in
the diagnosis of cutaneous tuberculosis dur-
ing the early stage of the disease. This is
particularly true for areas where the disease
is seen rarely. Nevertheless tuberculosis re-
mains a disease of great importance as it
can be treated effectively.

In view of emerging drug resistant strains
only multi-drug chemotherapy is now rec-
ommended for all forms of tuberculosis, and
a strict compliance to the regimen is imper-
ative. It needs no modification in dermato-
logical practice. The standard regimen con-
sists of rifampicin (10 mg/kg, up to 600
mg/day), isoniazid (5 mg/kg, up to 300
mg/day), ethambutol (15 mg/kg/day) and
pyrazinamide (15–30 mg/kg, up to 2
gm/day) given for initial 2-months in the in-
tensive phase. This is then followed by treat-
ment with rifampicin and isoniazid during
the continuation phase for next 4-months
The reported incidence of M. tuberculosis
resistance, to one or more first line drugs, is
10–14% in the U.K. and the U.S.A. (3).

It is now possible to detect drug resistance
by molecular means or by using the light-
producing enzyme Luciferase, the gene for
which has been added to mycobacteriophage
(2), instead of more time consuming culture
and sensitivity techniques. Because the drug
resistance patterns vary at a given time and
place it is advisable to consult local special-
ists well-versed in this particular problem, as
well as for theit expertise in managing diffi-
cult cases and drug intolerance.
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Corticosteroids will continue to dominate
the drug list for management of reactions in
leprosy until an ideal substitute is found.
The aim of all those dealing with leprosy
and its complications is always to minimize
steroid-induced side effects. Methotrexate,
being the most widely used antimetabolite
by dermatologists the world over, is a par-
ticularly important candidate since it is well
established.

CASE HISTORY
A 60-yr-old man was referred to Karigiri

hospital with fever and multiple skin nodules
of 20 days duration. The patient was a diag-
nosed case of multibacillary (MB) Hansen’s
disease and was released from treatment 
4 months before upon completion of 12-

month MB Multi-drug Therapy (MDT). He
had no complaints of such attacks during
treatment. He also complained of multiple
joint pains along with pain along the medial
border of left hand. On examination, the pa-
tient had multiple subcutaneous nodules of
which a few had ulcerated over the back,
face, and forearms. No skin patch was
visible but there was diffuse skin infiltration
with some areas of sparing. Both the ulnar
nerves were thickened and the right ulnar
had developed an abscess. Patient also had
bilateral weakness of hands assessed by
motor testing. The peripheral sensations
were relatively preserved. On investigating,
he had neutrophilia with toxic granules, slit
skin smear was positive with a Bacillary In-
dex (BI) of 3.75+ and Morphological Index
of –0. Liver function tests and renal func-
tion tests were all within normal limits.
ELISA for HIV was negative. Chest X-Ray
was normal. No focus of infection could be
found. Patient was diagnosed as a case of
completely treated borderline lepromatous
(BL) leprosy with severe Type 2 reaction
and was started on systemic prednisolone
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CASE REPORTS

Methotrexate in Resistant ENL1

Bikash R. Kar and Ravindra Babu2

ABSTRACT
This is a report of a case of steroid resistant severe Type 2 reaction that was managed with

methotrexate and prednisolone. Synergistic action of both the drugs in severe Type 2 reac-
tion make them one of the preferred combinations in the absence of other agents such as
thalidomide.

RÉSUMÉ
Cet article rapport un cas de réaction sévère de type 2, résistante aux corticostéroïdes, qui

fut contrôlée par du méthotrexate et de la prednisolone. L’action synergique de ces deux
médicaments dans les réactions sévères de type 2 en fait une des combinaisons préférées en
l’absence d’autres composés tels que la thalidomide.

RESUMEN
Este es el reporte de un caso de reacción leprosa tipo 2 resistente a esteroides que fue

tratado con metotrexato y prednisolona. La actividad sinérgica de estas dos drogas en el
tratamiento de la reacción tipo 2 severa, hacen que esta combinación sea la preferida cuando
no se cuenta con otros agentes como la talidomida.
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40 mg/day. The abscess in the right ulnar
nerve was managed with decompression
and splinting. Erythema nodosum leprosum
(ENL), as well as the features of toxicity,
started subsiding within 4 days of initiation
of steroid therapy, when the patient devel-
oped another crop of nodules along with
fever. The dose of Presdnisolone was in-
creased to 50 mg/day. The patient was still
developing a number of new lesions of
ENL even at that dose. After 2 weeks,
methotrexate was added to the regimen, as
he was not responding to steroid monother-
apy satisfactorily and thalidomide was not
available. It was given at a dose of 5 mg 12
hourly for 3 doses every week as the gastric
upset was supposed to be less compared to
a single dose regimen. After 2 weeks, the
dose of methotrexate was tapered by 2.5
mg/week and at present he is receiving a
dose of 7.5 mg every week in a divided
manner along with a daily dose of 20 mg of
Presdnisolone. The patient did not have any
new ENL lesions after starting the addi-
tional methotrexate treatment.

DISCUSSION
Reactions are immune mediated compli-

cations seen in leprosy patients before, dur-
ing, or after treatment with MDT. Pfaltz-
graff, et al. (1) reported that almost half of
the lepromatous cases and one quarter of
borderline lepromatous cases experience
ENL reaction. By definition, ENL is recur-
rent and self-limiting in the majority of
cases. But some patients behave differently
and are resistant to all modalities. Depend-
ing upon the severity of the ENL, various
drugs are used ranging from non-steroidal
anti-inflammatory agents in mild cases to
corticosteroids and thalidomide (2) in severe
cases. Thalidomide acts as a wonder drug in
severe ENL (3) but it has its own limita-
tions. Non-availability and high cost are the
two major issues concerned with the routine
use of the drug. The drug has to be given
under supervision and is contraindicated in
women of childbearing age in most of the
countries. So practically speaking, cortico-
steroids are the main stay in management of
the condition. The WHO recommended
dose is 40 mg/day (4) and majority respond
to this regime. Prednisolone (2) acts by sup-
pression of cell mediated immunity, inhibi-
tion of release of lysosomal enzymes and

cytokines, decrease of fluid leakage at the
site of inflammation, decrease in the re-
sponse of neutrophils to chemotaxis, and
inhibition of prostaglandin synthesis, etc.
The drug has to be tapered over 4 months,
though in some patients the dose has to be
individualized. This is likely to lead to a lot
of complications (5). So the use of this drug
should be judicious and the search is always
on to find an ideal steroid-sparing agent.
Methotrexate is being used for the treat-
ment of psoriasis since late 1950s (6) and
remains one of the most commonly used
antimetabolites in dermatology practice.
Dermatologists have been using this drug
routinely since then and the safety record is
so far impressive though hepatic and bone
marrow side effects are the major concerns
(7). Low doses of methotrexate suppress di-
vision of mononuclear cells and inhibit
their response to interleukin 2, suppress
neutrophil and monocyte chemotaxis in
vitro and in vivo, and depress Langerhans
cell activity and leukotriene B4 synthesis
by neutrophils (8, 9, 10, 11, 12, 13, 14), which also
contribute to the manifestations of ENL. So
a synergistic action of methotrexate to cor-
ticosteroids is expected in ENL cases; in
other words, it would act like a steroid-
sparing agent in those who are likely to be
put on a high dose of prednisolone for a
prolonged period. Taking into consideration
the side effects of methotrexate, the risk
benefit ratio should be carefully calculated
and individualized while combining it with
prednisolone for the steroid resistant cases.
Double blind controlled trials are welcome
in the near future.
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TO THE EDITOR:

Deep vein thrombosis (DVT) is an im-
portant complication of several disorders
and may sometimes occur spontaneously.
An impaired fibrinolytic system (5), pres-
ence of lupus anti-coagulant activity (14) or
increased levels of proinflammatory proco-
agulant cytokines (4) have all been linked to
it. Cancer, surgery, fractures, puerperium,
immobilization, paralysis, use of oral con-
traceptives, and anti-phospholipid syn-
drome (10), deficiencies of anti-thrombin,
protein C, protein S and factor V Leiden, a
mutation in coagulation factor, dysfibrogen-
emia and hyperhomocysteinemia (5) may be

responsible for DVT. It is not a known
complication of leprosy or lepra reactions
and has not been reported in erythema no-
dosum leprosum (ENL) patients receiving
thalidomide. Thalidomide, a sedative drug,
has been in use for management of recur-
rent/severe ENL due to its anti-inflammatory
properties which are attributed to inhibition
of inflammatory cytokines, tumor necrosis
factor alpha (TNF-α) (6), vascular endothe-
lial derived growth factor (VEGF) and basic
fibroblast growth factor (b FGF) in RNA
processing (2, 6). It is also used in malignan-
cies such as multiple myeloma (MM) and
renal cell carcinoma (RCC) (2, 13).

A higher incidence of deep vein thrombo-
sis has been observed in cancer patients re-
ceiving thalidomide (12), and the incidence
increases several folds when thalidomide is
combined with other chemo-therapeutic
agents (8, 15).

We report here a case of difficult to control
recurrent ENL on treatment with oral pred-
nisolone and thalidomide, who developed
DVT when dexamethasone-cyclophosphamide
(DCP) pulse was given additionally.
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Deep Vein Thrombosis: A Rare Complication 

of Thalidomide Therapy in Recurrent Erythema

Nodosum Leprosum1

Nand L. Sharma, Vikas Sharma, Vinay Shanker, Vikram K. Mahajan, 
and Sandip Sarin2

ABSTRACT
A case of deep-vein thrombosis is reported in a female patient with multibacillary leprosy

who received pulses of dexamethasone and cyclophosphamide for recurrent ENL that had
not responded to prednisone and thalidomide.

RÉSUMÉ
Un cas de thrombose veineuse profonde est rapporté chez une patiente souffrant de lèpre

multibacillaire, qui reçut des traitements flash de dexaméthasone et de cyclophosphamide pour
traiter un érythème noueux lépreux et qui n’a pas répondu à la prednisone et la thalidomide.

RESUMEN
Se reporta un caso de trombosis venosa profunda en una paciente con lepra multibacilar

que recibió pulsos de dexametasona y ciclofosfamida debido a una reacción tipo ENL re-
currente que no había respondido al tratamiento con prednisona y talidomida.
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CASE REPORT

A 37-yr-old female patient was hospital-
ized with difficult to control severe and
recurrent ENL. She was being treated at a
peripheral health care center with multi-
bacillary multidrug therapy (MB-MDT) for
the last one year and prednisolone 40
mg/day for the past three months without
adequate control of ENL. She had already
developed iatrogenic cushingoid syn-
drome.

She had high fever, myalgia, arthralgia,
recurrent crops of tender and necrotic ENL
lesions, and ulnar nerve neuritis. Initially,
her prednisolone dose was increased to 60
mg/day and then gradually tapered to 40
mg/day after the control of symptoms. As
there was severe exacerbation of the symp-
toms after reduction of the prednisolone
dose to <50 mg/day on three occasions;
thalidomide was added in the dose of 100
mg twice daily. There was no regression of
symptoms in three weeks, therefore, the
dose of thalidomide was increased to 100
mg thrice daily. There was no noticeable im-
provement of symptoms with this regimen
even after two weeks. At this point, based on
our previous experience (7), it was decided
to add dexamethasone-cyclophosphamide
(DC) pulse. The regimen consists of slow
intra-venous infusion (in over 2 hr) of 100
mg of dexamethasone in 500 ml of 5% glu-
cose on three consecutive days with 500 mg
of cyclophosphamide added to this on sec-
ond day. This regimen is repeated after
every 28 days. Cyclophosphamide 50
mg/day is given in the intervening period.
The daily dose of oral prednisolone was re-
duced by 10 mg after each DC pulse. There
was a noticeable improvement in the symp-
toms after the addition of DC pulse.

Five days after the second DC pulse, pa-
tient developed swelling and severe pain in
her left leg. Doppler ultrasonography re-
vealed massive adherent thrombosis in her
left external iliac vein extending to the com-
mon iliac vein. Various laboratory parame-
ters including the platelet counts were
within normal limits. With the development
of this complication, thalidomide was dis-
continued immediately and the patient was
managed with subcutaneous low molecular
weight heparin 3000 anti-Xa units twice
daily for initial seven days and subsequently

oral warfarin. The dosage of warfarin was
adjusted so as to maintain the International
Normalized Ratio (I.N.R.) between 2 to 3.
Patient’s leg pain and swelling improved
considerably and she became symptom free
in about a month. She is currently on war-
farin 2 mg on alternate days. After seven DC
pulses, she is free of her recurrent ENL at-
tacks and we have also been able to bring
down her prednisolone dose. At present she
is on MB-MDT, cyclophosphamide 50
mg/day and prednisolone 10 mg on alternate
days. No other side effects of this regimen
have been recorded and patient was doing
well in a follow-up of about 9 months.

DISCUSSION
Chronic recurrent ENL is a serious and

troublesome complication of leprosy and is
often difficult to control. The clinical fea-
tures of ENL are attributed to increased lev-
els of TNF-α and interferon-γ (11). Thalido-
mide reverses this phenomenon and also
induces reduction in neutrophils, CD4+T
cells, TNF-α cells, MHC class-II antigens
and ICAM-1 on epidermal keratinocytes
and thus effectively controls ENL (11).
However its routine use is severely re-
stricted due to its serious toxicities like pho-
comelia, neuropathies, hyperkalemia and
deep vein thrombosis (3, 9).

Acute DVT is a serious and potentially fa-
tal disorder that commonly complicates the
course of many diseases in bed ridden pa-
tients. It has also been observed that there is
unexpectedly higher incidence of DVT when
thalidomide is used along with doxorubicin,
gemcitabine, 5-Fluorouracil, darbepoietin-α,
or dexamethasone-cyclophosphamide ther-
apy (8). Evidently, these observations have
been made in patients being treated for
metastatic cell carcinoma, myelodysplastic
syndrome, or multiple myeloma. To the best
of our knowledge no such association has
been reported in ENL reactions (when
treated with thalidomide alone).

Thalidomide, chemotherapy and gluco-
corticoids induce apoptosis in tumor cells in
vitro and these apoptotic cells might be
thrombogenic because of increased activa-
tion of tissue factors in the plasma mem-
brane of tumor cells (1). has been shown to
inhibit endothelial cell poliferation because
of free radical mediated oxidative DNA
damage which impairs endothelial cell
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function (8). It also induces Th-1 cellular re-
sponse leading to increased secretion of in-
terferon-γ and interleukin-2 (11). Thalido-
mide is also a potent angiogenesis inhibitor.
Thromboembolic events have been reported
to occur at a mean of about two months af-
ter the start of thalidomide treatment (8). In
our patient, DVT developed after eight
weeks of starting thalidomide therapy and
five weeks of DC pulse therapy.

In such a situation, the question remains
that whether the increased risk of DVT is
due to thalidomide alone or due to an inter-
action between thalidomide and other
chemotherapeutic agents. Thalidomide, in
spite of its limitations, is the drug of choice
in severe ENL, and will probably find new
usages in future. The clinicians need be
vigilant about potential occurrence of
thrombotic complications in these patients
especially when glucocorticoids or other
chemotherapeupic agents are being used
concomitantly.
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Using the Blink Reflex as Measured by

Electromyogram to Assess Cranial Nerve Involvement

in People Affected by Leprosy1
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and Orhan Deniz2

ABSTRACT
Damage to the peripheral nervous system is particularly frequent in leprosy patients.

Trigeminal and facial nerves are among the most commonly affected. The aim of our study
was to evaluate the efficacy of the blink reflex as a method for diagnosis of cranial nerve in-
volvement in people affected by leprosy. We studied 37 affected people (mean age: 38 yrs,
20 female and 17 male) and 35 age-matched healthy subjects (mean age: 34 yrs, 20 female
and 15 male). Blink reflexes were obtained after unilateral electrical stimulation of the
supraorbital nerve for quantitative analysis of 3 responses, early ipsilateral phasic compo-
nent (R1), late ipsilateral tonic component (R2i), and late contralateral tonic component
(R2c). Nerve conduction parameters were studied in all subjects.

The latencies of both the ipsilateral early phasic component (R1) and bilateral late tonic
components (R2i and R2c) in people affected by leprosy were significantly prolonged com-
pared with the controls. Out of 37 people affected by leprosy, 22 (59%) showed abnormali-
ties R1 latency, 28 (75%) R2i latency and 31 (83%) R2c latency. No correlation was ob-
served between prolonged latencies and duration of the disease. We conclude that blink
reflex testing, which can be easily and rapidly performed in an EMG laboratory using stan-
dard equipment, can provide useful and objective information for the diagnosis of cranial
nerve lesions and for the determination of the degree thereof.

RÉSUMÉ
Les atteintes du système nerveux périphérique sont particulièrement fréquentes chez les

patients lépreux. Les nerfs trijumeaux et faciaux sont parmi les nerfs les plus souvent affec-
tés. Le but de cette étude était d’évaluer l’efficacité du réflexe de clignement comme méth-
ode de diagnostic d’atteinte des nerfs crâniens chez les personnes affectées par la lèpre.
Nous avons étudié 37 personnes affectées (âge moyen : 38 ans, 20 femmes et 17 hommes)
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TO THE EDITOR:

Leprosy remains an important health
problem worldwide. Leprosy was once
widely distributed in Europe and Asia but
now occurs mainly in resource-poor coun-
tries in tropical and warm temperate regions
(3). According to the World Health Organ-
ization (WHO), at the beginning of 2003,
the number of leprosy patients in the world
was around 534,000, as reported by 110
countries. About 621,000 new cases were
detected during 2002 (22). It is a very seri-
ous and mutilating disease in many parts of
the world and diagnosis and therapy is the
most important strategy for its control (12).
All patients with leprosy have some degree
of nerve involvement, making leprous neu-
ritis undoubtedly the most common cause
of treatable neuropathy in the world. Defor-
mities from involvement of facial struc-

tures, eyes, nerves, bone, and skin can re-
sult in stigmatization and social ostracism.
The diagnosis of leprosy is often missed by
physicians in the United States, leading to
delay of treatment during which progres-
sive neuropathy, visual loss and deformity
may occur (13). Diagnostic delay in leprosy
can have serious neurological consequences
for the patient. Lockwood, et al. (8) demon-
strated that the median time from symptom
onset to diagnosis was 1.8 yrs (0.2 to 15.2)
and delayed in diagnosis occurred in 82%
of cases in the United Kingdom. They also
demonstrated that misdiagnosis as other
dermatological and neurological conditions
were important causes of delay 68% of pa-
tients in the UK were found to have nerve
damage resulting in disability. Increased
awareness among general practitioners and
hospital specialists would lead to more
rapid diagnosis, thus minimizing damage

et 35 personnes saines d’âge similaire (âge moyen : 34 ans, 20 femmes et 15 hommes). Les
réflexes de clignement furent obtenus après stimulation électrique unilatérale du nerf supra-
orbital afin de procéder à l’analyse quantitative de 3 types de réponse : la composante de la
phase précoce ipsilatérale (R1), la composante tonique tardive ipsilatérale (R2i) et la com-
posante tonique tardive controlatérale (R2c). Les paramètres de conduction nerveuse furent
étudiés chez tous les sujets.

Les latences d’à la fois la composante de la phase précoce ipsilatérale (R1) et des com-
posantes toniques tardives bilatérales (R2i et R2c) des personnes affectées par la lèpre
étaient significativement prolongées lorsque comparées aux personnes témoins. Parmi 37
personnes souffrant de lèpre, 22 (59%) montrèrent des latences anormales de R1, 28 (75%),
des latences anormales de R2i et 31 (83%) de R2c. La prolongation des latences n’était pas
corrélée à la durée de la maladie. En conclusion, le réflexe de clignement, qui peut être
facilement et rapidement réalisé dans un laboratoire d’électromyographie utilisant des
équipements standards, peut apporter des informations utiles et objectives au diagnostic des
lésions des nerfs crâniens et à la détermination du degré de celles-ci.

RESUMEN
El daño al sistema nervioso periférico es particularmente frecuente entre los pacientes con

lepra. Los nervios trigémino y facial están entre los más frecuentemente afectados. El obje-
tivo del estudio fue evaluar la eficacia del parpadeo reflejo como un método de diagnóstico
de afección del nervio craneal en pacientes con lepra. Se estudiaron 37 pacientes (edad
promedio: 38 años, 20 mujeres y 17 hombres) y 35 sujetos sanos apareados por edad (edad
promedio 34 años, 20 mujeres y 15 hombres). Los reflejos de parpadeo se indujeron por es-
timulación eléctrica unilateral del nervio supraorbital y se evaluaron cuantitativamente 3 re-
spuestas: el componente fásico ipsilateral temprano (R1), el componente tónico ipsilateral
tardío (R2i), y el componente tónico contralateral (R2c). En todos los sujetos también se es-
tudiaron los parámetros de conducción nerviosa. En comparación con los controles sanos, las
latencias tanto del componente fásico ipsilateral temprano (R1) como de los componentes
tónicos bilaterales tardíos (R2i y R2c) en los pacientes con lepra estuvieron significativa-
mente prolongados. De 37 personas afectadas por la lepra, 22 (59%) mostraron anormali-
dades en la latencia R1, 28 (75%) en la latencia R2i, y 31 (83%) en la latencia R2c. No se ob-
servó correlación entre las latencias prolongadas y la duración de la enfermedad. Concluimos
que la prueba de reflejos de parpadeo, la cual puede hacerse fácil- y rápidamente en un labo-
ratorio de EMG usando equipo estándar, puede proporcionar información útil y objetiva para
el diagnóstico de las lesiones en el nervio craneal y para determinar su grado de afección.
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and disability. When detected and treated
early, primary impairments may be re-
versible (21). For this reason, early recogni-
tion of leprosy is very important.

Trigeminal and facial nerves are among the
most commonly affected in leprosy patients
(11). Electrophysiological studies such as the
blink reflex have been shown to be an effec-
tive method for revealing subclinical involve-
ment of cranial nerves in generalised neu-
ropathies (4, 5, 9, 11). The aim of our study was
to evaluate the efficacy of the blink reflex as
a method for diagnosis of cranial nerve in-
volvement in people affected by leprosy.

METHODS
We studied 37 patients who had been

treated for lepromatous leprosy (LL) with a
mean age of 38 ± 17 yrs (range 23 yrs to 62
yrs; 20 female and 17 male), and 35 age-
matched healthy volunteer subjects (con-
trol) with a mean age of 34 ± 12 yrs (range
24 yrs to 48 yrs; 20 female and 15 male).
The demographic characteristics of patients
and control subjects are presented in Table
1. Patients were hospitalized in Elazığ Lep-
rosy Hospital for treatment and rehabilita-
tion. The patients involved in this study had
completed treatment and were cured of lep-
rosy The period between diagnosis of lep-
rosy and study was 16.73 yrs. The patients
and controls were carefully examined. All
subjects in the study had a negative history
and negative physical examination for cen-
tral nervous system disease.

Exclusion Criteria:

• alcohol abuse
• cigarette consumption of over 10 ciga-

rettes/day
• the presence of disease of the periph-

eral nervous system not related to lep-
rosy

• tuberculoid and borderline leprosy (ac-
cording to the Ridley-Jopling classifi-
cation) (23)

Informed consent was obtained from all
patients and controls before the investiga-
tions were carried out. Routine blood analy-
sis was performed.

All subjects were studied using elec-
tromyogram (EMG) equipment (KEY-
POINT, DANTEC, DENMARK). Follow-
ing the standardized protocol proposed by
Kimura, et al. (6) the supraorbital nerve in
the supraorbital foramen was stimulated
and the evoked responses from both orbic-
ulares oculi muscles were recorded. Sub-
jects were awake, in dorsal decubitus posi-
tion, with room temperatures between 22
and 27°C, in a semi-darkened room. Sur-
face platinum disc electrodes of 0.5 cm di-
ameter were positioned as follows: channel
1, active electrode G1 was placed on the
belly of the left orbicularis oculi muscle, 1
cm below the left lateral epicanthal point;
reference electrode G2 was placed on the
lateral surface of the nose; channel 2 was
symmetrically positioned in relation to the
channel 1 electrodes, on the right side. Fil-

TABLE 1. The demographic characteris-
tics of patients and control subjects.

Patients Control group
Sex

Number Age (yrs) Number Age (yrs)

Female 20 35 20 32
Male 17 41 15 36
Total 37 38 35 34

THE FIGURE. Examples of blink reflex in an adult
control subject (upper) and a patient of similar age
with leprosy (lower).
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ter band-pass was set to 20–3000 Hz, sensi-
bility to 200 µV/cm, and the sweep velocity
was 10 msec per division. Stimulation was
performed with the cathode over the supra-
orbital foramen, with single stimuli on each
side, consisting of square-wave pulses of
0.2 msec duration and 25 mA intensity. The
ground electrode was positioned comfort-
ably around the neck. Two recordings were
obtained from both sides for each subject,
with ten seconds or more between stimuli.
Blink reflexes were obtained after unilateral
electric stimulation of the supraorbital
nerve for quantitative analysis of 3 re-
sponses, early ipsilateral phasic component
(R1), late ipsilateral tonic component (R2i)
and late contralateral tonic component
(R2c). Latency was measured from the
stimulus onset to the shortest initial deflec-
tion of the height R1 or R2 components.
Amplitude was not important. Examples of
blink reflex in a control subject and a pa-
tient are presented in Fig. 1.

Statistical methods. Data are expressed
as mean ± standard deviation (mean ±
S.D.). Differences between the means of
groups were determined using the unpaired
t-test. The correlation of two parameters
was tested using a linear regression analy-
sis. Values of p <0.05 were accepted as sta-
tistically significant.

RESULTS
The data from each group studied are

summarized in Table 2. The latencies of both
the ipsilateral early phasic component (R1)
and bilateral late tonic components (R2i and
R2c) in people affected by leprosy were sig-
nificantly prolonged compared with the con-
trols (Fig. 1). In general, abnormal R1 la-
tency was less than that of R2. Out of 37
people affected by leprosy, 22 (59%) showed
abnormalities R1 latency, 28 (75%) R2i la-

tency and 31 (83%) R2c latency. No correla-
tion was observed between prolonged laten-
cies and the duration of disease.

DISCUSSION
Trigeminal and facial nerves are among

the most commonly affected in people af-
fected by leprosy (11). Diagnostic delay in
leprosy can have serious neurological con-
sequences for the patient. The diagnosis of
leprosy is often missed by physicians, lead-
ing to delay of treatment during which pro-
gressive neuropathy, visual loss, and defor-
mity may occur (8, 13). It is a very serious,
mutilating and stigmatizing disease in many
parts of the world and early diagnosis and
therapy is the most important strategy for
its control (3, 8, 13). There is evidence that nerve
damage in leprosy occurs before clinical
manifestations become apparent (16, 17, 20).
When the clinical signs are apparent, exten-
sive and often-permanent nerve damage has
already taken place. A method to detect
asymptomatic neuropathy of trigeminal and
facial nerves electrophysiologically could
be valuable to identify patients at high risk
for symptomatic cranial neuropathy. One
opportunity for this is the measurement of
damage to trigeminal and facial nerves us-
ing the blink reflex in standard EMG equip-
ment.

The blink reflex is a very practical, repro-
ducible electrical response, which can be
used in comparative clinical studies and ex-
perimental models (6, 18). It is an electrically
induced glabellar response that has long
been used in clinical neurology and is
known to be a polisinaptic reflex with an af-
ferent arc through sensory fibers of the
trigeminal nerve and with an efferent arc
through the motor fibers of the facial nerve
(6, 7, 14). It has been most useful in the evalu-
ation of lesions affecting the trigeminal

TABLE 2. Mean values of some parameters in the leprosy patients and the control
group.

Leprosy patients Control group p

Left eye R1 mean latency (msec) 12.68 ± 3.43 11.28 ± 2.32 <0.05
Right eye R1 mean latency (msec) 13.01 ± 2.07 11.14 ± 2.18 <0.05
Left eye R2i mean latency (msec) 37.4 ± 6.55 32.51 ± 6.65 <0.05
Right eye R2i mean latency (msec) 38.25 ± 4.72 30.23 ± 3.6 <0.05
Left eye R2c mean latency (msec) 38.01 ± 9.76 32.91 ± 4.75 <0.05
Right eye R2c mean latency (msec) 39.76 ± 3.48 31.67 ± 5.9 <0.05
Median nerve motor distal latency (msec) 4.1 ± 0.58 3.4 ± 0.56 <0.05
Ulnar nerve motor distal latency (msec) 4.6 ± 0.84 3.2 ± 0.54 <0.05



490 International Journal of Leprosy 2004

nerve and facial nerve (1, 2). For the detec-
tion of a lesion in the first division of
trigeminal nerve, the blink reflex is the only
physiological test available at this time. The
classic findings indicative of such a lesion
are an afferent defect, a prolonged latency
of R1, R2i and R2c (2). In facial nerve le-
sions, there is a delay in the reflex latency
only on the affected side, regardless of the
side of the stimulation (6, 9).

In our study, latency of R1, R2i and R2c
were significantly prolonged in the people
affected by leprosy compared to the control
subjects, similar to the findings in previous
studies (5, 11). These results, together with
previous studies, demonstrate that some de-
gree of cranial neuropathy may be present
in the people affected by leprosy with neu-
ropathy. The blink reflex study may indicate
an effective diagnosis of cranial nerve in-
volvement.

Shetty, et al. (17) reported that subclinical
neuropathy may take place before clinical
manifestations become apparent. Indeed,
histopathological and immunocytochemical
studies have demonstrated that nerve dam-
age progresses from small unmyelinated to
small myelinated and finally to large myeli-
nated fibers (15). The authors suggest that
this electrophysiological study may well in-
dicate subclinical neuropathy in these pa-
tients, since a significantly prolonged la-
tency was not seen in the normal control
subjects.

Ramachandran, et al. (10) reported an as-
sociation between the severity of autonomic
neuropathy and a longer duration of lep-
rosy. In this study, no significant correlation
between duration of leprosy and positive
test results was found. This was probably
due to a longer duration of the effects of
leprosy after treatment in our patients. The
period between diagnosis of leprosy and
study was 16.73 yrs.

In conclusion, we have observed mark-
edly abnormal patterns of blink reflex in
leprosy. The use of blink reflex testing
which can be easily and rapidly performed
in an EMG laboratory using standard equip-
ment can provide useful, objective informa-
tion for diagnosis and in determining the
degree of cranial nerve lesions. However,
future electrophysiological trials in active
leprosy will provide further information for
the use of this test in the early diagnosis of

cranial nerve involvement in leprosy pa-
tients.

REFERENCES
1. ARAMIDEH, M., and VISSER, B. W. O. Brainstem

reflexes: electrodiagnostic techniques, physiology,
normative data, and clinical aplications. Muscle
Nerve 26 (2002) 14–30.

2. AUGER, R. G. Hemifacial spazm: clinical and
electrophysiologic observations. Neurology 29
(1979) 1261–1272.

3. BRITTON, W. J., and LOCKWOOD, D. N. J. Leprosy.
Lancet 363 (2004) 1209–1219.

4. FLATEN, M. Test-retest reliability of the so-
matosensory blink reflex and its inhibition. Int J
Psychophysiol. 45 (2002) 261.

5. KIMURA, J. Conduction abnormalities of the facial
and trigeminal nerves in polyneuropathy. Muscle
Nerve 5 (1982) 139–144.

6. KIMURA, J., POWERS, J. M., and VAN ALLEN, M.
W. Reflex responses of orbicularis oculi muscle
to supraorbital nerve stimule. Study in normal
subjects and in peripheral facial paresis. Arch.
Neurol. 21 (1969) 193–199.

7. KUGELBERG, E. Facial reflexes. Brain 75 (1952)
385–396.

8. LOCKWOOD, D. N., and REID, A. J. The diagnosis
of leprosy is delayed in the United Kingdom. QJM
94 (2001) 207–212.

9. MIKULA, I., MISKOV, S., NEGOVETIC, R., and DE-
MARIN, V. Blink reflex in the prediction of outcome
of idiopathic peripheral partial facioparesis: follow-
up study. Croat. Med. J. 43 (2002) 319–323.

10. RAMACHANDRAN, A., and NEELAN, P. N. Auto-
nomic neuropathy in leprosy. Indian J. Lepr. 59
(1987) 405–413.

11. RAMADAN, W., MOURAD, B., FADEL, W., and
GHORABA, E. Clinical, electrophysiological, and
immunopathological study of peripheral nerves in
Hansen’s disease. Lepr. Rev. 72 (2001) 35–49.

12. RAMOS-E-SILVA, M., and REBELLO, P. F. Leprosy.
Recognition and treatment. Am. J. Clin. Dermatol.
2 (2001) 203–211.

13. SABIN, T. D., and SWIFT, T. R. Neurological com-
plications of leprosy. In: Neurology and General
Medicine, 2nd. ed. New York: Churchill Living-
stone Inc., 1995. 717–729.

14. SHAHANI, B. T., and YOUNG, R. R. Human orbicu-
laris oculi reflex. Neurology 22 (1972) 149–154.

15. SHETTY, V. P., MEHTA, L. N., and ANTIA, N. H.
Unmyelinated fibres in leprosy neuritis. An ultra-
structural study. Bull. Electron. Microsc. Soc. In-
dia 2 (1978) 2–5.

16. SHETTY, V. P., MEHTA, N. H., ANTIA, N. H., and
IRANI, P. F. Teased fiber study of early nerve le-
sions in leprosy and contacts, with electrophysio-
logical correlates. J. Neurol. Neurosurg. Psychia-
try 40 (1977) 708–711.

17. SHETTY, V. P., MEHTA, N. H., IRANI, P. F., and AN-
TIA, N. H. Study of evaluation of nerve damage in



72, 4 Correspondence 491

leprosy. Part 1—lesions of the index branch of the
radial cutaneous nerve in early leprosy. Part 2—
observation on the index branch of the radial cuta-
neous nerve in contacts of leprosy. Lepr. India 52
(1980) 5–25.

18. TERRELL, G. S., and TERZIS, J. K. An experimen-
tal model to study the blink reflex. J. Reconstr. Mi-
crosurg. 10 (1958) 175–183.

19. THATCHER, D. B., and ALLEN, M. W. V. Corneal
reflexes latency. Neurology 21 (1971) 735–737.

20. ULVI, H., YOLDAS, T., YIĞITER, R., and MÜNGEN,
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TO THE EDITOR:

I have just read your editorial on classifi-
cation of leprosy in the June issue of the
JOURNAL. It is a very thought-provoking
and stimulating article.

Unfortunately it is too true that we are
not asking such fundamental questions very
often. It becomes much easier to simplify
everything in life and then imagine that the
simplified representations are the reality.

I do agree with you that simplifying the

classification system has been an invaluable
tool to reach millions of untreated individu-
als and to lower prevalence, and it still re-
mains a valid tool for public health. How-
ever it should not be confused with our
endeavor to understand a disease through
scientific research.

—Dr. Sunil Deepak, Director

Medical Support Department
AIFO - Italy

TO THE EDITOR:

I read with great interest the article titled
“Epidemiological Characteristics of Lep-
rosy Reactions: 15 years experience from
North India,” Int. J. Lepr. Other Mycobact.
Dis. 72 (2004) 125–133. Prof. Bhushan Ku-
mar and his co-authors have to be compli-
mented on a painstaking analysis of 2600
patients with leprosy reactions attending
their reputed “tertiary care institute in
Northern India, which is a low endemic
area for leprosy.” This is indeed a very use-
ful clinical contribution.

However, I wonder whether it is an “epi-
demiological study” (as the title implies)
based on a specific population from which
the sample of patients is derived. As far as I
know “Epidemiology” is defined as the
study of the distribution and determinants
of disease in human population. Whereas
the basis of clinical research is the observa-
tion on individual patients, epidemiology

requires observation of communities of
people among whom disease occurs. The
word epidemiology means something about
people (EPI = upon; DEMOS = people).

While factors like onset, risk factors like
age, sex etc. which also form important pa-
rameters of epidemiology are well de-
scribed in the article, the occurrence of re-
actions and incidence over a period of time
in specific communities or population
groups is not available. This information
will be necessary for planning management
of reactions under field conditions. The title
of the paper may be a misnomer.

I would invite comments from the au-
thors or any epidemiologist on these points.

—Dr. R. Ganapati

Director,
Bombay Leprosy Project,
11 VN Purav Marg, Sion-Chunabhatti,
Mumbai – 400 022, India

Regarding Classification of Leprosy

Epidemiology of Leprosy
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THE AUTHOR’S REPLY:

We thank Dr. Ganapati for his interest,
appreciation, and comments regarding our
article “Epidemiological Characteristics of
Leprosy Reactions: 15 years experience
from North India,” which appeared in Vol.
72 (2004) of THE INTERNATIONAL JOURNAL
OF LEPROSY AND OTHER MYCOBACTERIAL
DISEASES, pp. 125–133.

The definition of “epidemiology” in its true
sense as mentioned by Dr. Ganapati is well
known and accepted by all the health care
professionals. However, we used the word
“epidemiological characteristics” to describe
various parameters/variables of reactions in
relation to our large group of leprosy patients.

The risk factors and incidence over a pe-
riod of time is discussed in relation to
pauci- and multibacillary disease. It was
beyond the scope of this hospital-based
analysis to interpret results with respect to
“communities” and “population groups.”
Our results do provide important inputs for

planning management of reactions both un-
der institutional and field conditions, how-
ever being a hospital based study, both the
incidence and severity of leprosy reactions
may not be totally comparable to the situa-
tion in field. We have also given the data
from the field studies vis-à-vis the hospital
based figures for purposes of completeness
and to help the readers/epidemiologists to
draw their own conclusions.

We are thankful to Dr. Ganapati and your
journal for giving us the opportunity to put
across our point of view about the basic and
the practical usage of a term.

—Bhushan Kumar M.D., MNAMS,
Sunil Dogra M.D., DNB MNAMS,

Inderjeet Kaur M.D., MNAMS,

Department of Dermatology, Venereology
& Leprology

Postgraduate Institute of Medical
Education and Research,

Chandigarh, India
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CORRESPONDENCE

This department is for the publication of informal communications that are of interest
because they are informative and stimulating, and for the discussion of controversial
matters. The mandate of this JOURNAL is to disseminate information relating to leprosy in
particular and also other mycobacterial diseases. Dissident comment or interpretation on
published research is of course valid, but personality attacks on individuals would seem
unnecessary. Political comments, valid or not, also are unwelcome. They might result in
interference with the distribution of the JOURNAL and thus interfere with its prime purpose.

Using the Blink Reflex as Measured by

Electromyogram to Assess Cranial Nerve Involvement

in People Affected by Leprosy1

Hazir Ulvi, Remzi Yigiter, Tahir Yoldas, Recep Aygul, Asuman Orhan Varoglu,
and Orhan Deniz2

ABSTRACT
Damage to the peripheral nervous system is particularly frequent in leprosy patients.

Trigeminal and facial nerves are among the most commonly affected. The aim of our study
was to evaluate the efficacy of the blink reflex as a method for diagnosis of cranial nerve in-
volvement in people affected by leprosy. We studied 37 affected people (mean age: 38 yrs,
20 female and 17 male) and 35 age-matched healthy subjects (mean age: 34 yrs, 20 female
and 15 male). Blink reflexes were obtained after unilateral electrical stimulation of the
supraorbital nerve for quantitative analysis of 3 responses, early ipsilateral phasic compo-
nent (R1), late ipsilateral tonic component (R2i), and late contralateral tonic component
(R2c). Nerve conduction parameters were studied in all subjects.

The latencies of both the ipsilateral early phasic component (R1) and bilateral late tonic
components (R2i and R2c) in people affected by leprosy were significantly prolonged com-
pared with the controls. Out of 37 people affected by leprosy, 22 (59%) showed abnormali-
ties R1 latency, 28 (75%) R2i latency and 31 (83%) R2c latency. No correlation was ob-
served between prolonged latencies and duration of the disease. We conclude that blink
reflex testing, which can be easily and rapidly performed in an EMG laboratory using stan-
dard equipment, can provide useful and objective information for the diagnosis of cranial
nerve lesions and for the determination of the degree thereof.

RÉSUMÉ
Les atteintes du système nerveux périphérique sont particulièrement fréquentes chez les

patients lépreux. Les nerfs trijumeaux et faciaux sont parmi les nerfs les plus souvent affec-
tés. Le but de cette étude était d’évaluer l’efficacité du réflexe de clignement comme méth-
ode de diagnostic d’atteinte des nerfs crâniens chez les personnes affectées par la lèpre.
Nous avons étudié 37 personnes affectées (âge moyen : 38 ans, 20 femmes et 17 hommes)
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TO THE EDITOR:

Leprosy remains an important health
problem worldwide. Leprosy was once
widely distributed in Europe and Asia but
now occurs mainly in resource-poor coun-
tries in tropical and warm temperate regions
(3). According to the World Health Organ-
ization (WHO), at the beginning of 2003,
the number of leprosy patients in the world
was around 534,000, as reported by 110
countries. About 621,000 new cases were
detected during 2002 (22). It is a very seri-
ous and mutilating disease in many parts of
the world and diagnosis and therapy is the
most important strategy for its control (12).
All patients with leprosy have some degree
of nerve involvement, making leprous neu-
ritis undoubtedly the most common cause
of treatable neuropathy in the world. Defor-
mities from involvement of facial struc-

tures, eyes, nerves, bone, and skin can re-
sult in stigmatization and social ostracism.
The diagnosis of leprosy is often missed by
physicians in the United States, leading to
delay of treatment during which progres-
sive neuropathy, visual loss and deformity
may occur (13). Diagnostic delay in leprosy
can have serious neurological consequences
for the patient. Lockwood, et al. (8) demon-
strated that the median time from symptom
onset to diagnosis was 1.8 yrs (0.2 to 15.2)
and delayed in diagnosis occurred in 82%
of cases in the United Kingdom. They also
demonstrated that misdiagnosis as other
dermatological and neurological conditions
were important causes of delay 68% of pa-
tients in the UK were found to have nerve
damage resulting in disability. Increased
awareness among general practitioners and
hospital specialists would lead to more
rapid diagnosis, thus minimizing damage

et 35 personnes saines d’âge similaire (âge moyen : 34 ans, 20 femmes et 15 hommes). Les
réflexes de clignement furent obtenus après stimulation électrique unilatérale du nerf supra-
orbital afin de procéder à l’analyse quantitative de 3 types de réponse : la composante de la
phase précoce ipsilatérale (R1), la composante tonique tardive ipsilatérale (R2i) et la com-
posante tonique tardive controlatérale (R2c). Les paramètres de conduction nerveuse furent
étudiés chez tous les sujets.

Les latences d’à la fois la composante de la phase précoce ipsilatérale (R1) et des com-
posantes toniques tardives bilatérales (R2i et R2c) des personnes affectées par la lèpre
étaient significativement prolongées lorsque comparées aux personnes témoins. Parmi 37
personnes souffrant de lèpre, 22 (59%) montrèrent des latences anormales de R1, 28 (75%),
des latences anormales de R2i et 31 (83%) de R2c. La prolongation des latences n’était pas
corrélée à la durée de la maladie. En conclusion, le réflexe de clignement, qui peut être
facilement et rapidement réalisé dans un laboratoire d’électromyographie utilisant des
équipements standards, peut apporter des informations utiles et objectives au diagnostic des
lésions des nerfs crâniens et à la détermination du degré de celles-ci.

RESUMEN
El daño al sistema nervioso periférico es particularmente frecuente entre los pacientes con

lepra. Los nervios trigémino y facial están entre los más frecuentemente afectados. El obje-
tivo del estudio fue evaluar la eficacia del parpadeo reflejo como un método de diagnóstico
de afección del nervio craneal en pacientes con lepra. Se estudiaron 37 pacientes (edad
promedio: 38 años, 20 mujeres y 17 hombres) y 35 sujetos sanos apareados por edad (edad
promedio 34 años, 20 mujeres y 15 hombres). Los reflejos de parpadeo se indujeron por es-
timulación eléctrica unilateral del nervio supraorbital y se evaluaron cuantitativamente 3 re-
spuestas: el componente fásico ipsilateral temprano (R1), el componente tónico ipsilateral
tardío (R2i), y el componente tónico contralateral (R2c). En todos los sujetos también se es-
tudiaron los parámetros de conducción nerviosa. En comparación con los controles sanos, las
latencias tanto del componente fásico ipsilateral temprano (R1) como de los componentes
tónicos bilaterales tardíos (R2i y R2c) en los pacientes con lepra estuvieron significativa-
mente prolongados. De 37 personas afectadas por la lepra, 22 (59%) mostraron anormali-
dades en la latencia R1, 28 (75%) en la latencia R2i, y 31 (83%) en la latencia R2c. No se ob-
servó correlación entre las latencias prolongadas y la duración de la enfermedad. Concluimos
que la prueba de reflejos de parpadeo, la cual puede hacerse fácil- y rápidamente en un labo-
ratorio de EMG usando equipo estándar, puede proporcionar información útil y objetiva para
el diagnóstico de las lesiones en el nervio craneal y para determinar su grado de afección.
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and disability. When detected and treated
early, primary impairments may be re-
versible (21). For this reason, early recogni-
tion of leprosy is very important.

Trigeminal and facial nerves are among the
most commonly affected in leprosy patients
(11). Electrophysiological studies such as the
blink reflex have been shown to be an effec-
tive method for revealing subclinical involve-
ment of cranial nerves in generalised neu-
ropathies (4, 5, 9, 11). The aim of our study was
to evaluate the efficacy of the blink reflex as
a method for diagnosis of cranial nerve in-
volvement in people affected by leprosy.

METHODS
We studied 37 patients who had been

treated for lepromatous leprosy (LL) with a
mean age of 38 ± 17 yrs (range 23 yrs to 62
yrs; 20 female and 17 male), and 35 age-
matched healthy volunteer subjects (con-
trol) with a mean age of 34 ± 12 yrs (range
24 yrs to 48 yrs; 20 female and 15 male).
The demographic characteristics of patients
and control subjects are presented in Table
1. Patients were hospitalized in Elazığ Lep-
rosy Hospital for treatment and rehabilita-
tion. The patients involved in this study had
completed treatment and were cured of lep-
rosy The period between diagnosis of lep-
rosy and study was 16.73 yrs. The patients
and controls were carefully examined. All
subjects in the study had a negative history
and negative physical examination for cen-
tral nervous system disease.

Exclusion Criteria:

• alcohol abuse
• cigarette consumption of over 10 ciga-

rettes/day
• the presence of disease of the periph-

eral nervous system not related to lep-
rosy

• tuberculoid and borderline leprosy (ac-
cording to the Ridley-Jopling classifi-
cation) (23)

Informed consent was obtained from all
patients and controls before the investiga-
tions were carried out. Routine blood analy-
sis was performed.

All subjects were studied using elec-
tromyogram (EMG) equipment (KEY-
POINT, DANTEC, DENMARK). Follow-
ing the standardized protocol proposed by
Kimura, et al. (6) the supraorbital nerve in
the supraorbital foramen was stimulated
and the evoked responses from both orbic-
ulares oculi muscles were recorded. Sub-
jects were awake, in dorsal decubitus posi-
tion, with room temperatures between 22
and 27°C, in a semi-darkened room. Sur-
face platinum disc electrodes of 0.5 cm di-
ameter were positioned as follows: channel
1, active electrode G1 was placed on the
belly of the left orbicularis oculi muscle, 1
cm below the left lateral epicanthal point;
reference electrode G2 was placed on the
lateral surface of the nose; channel 2 was
symmetrically positioned in relation to the
channel 1 electrodes, on the right side. Fil-

TABLE 1. The demographic characteris-
tics of patients and control subjects.

Patients Control group
Sex

Number Age (yrs) Number Age (yrs)

Female 20 35 20 32
Male 17 41 15 36
Total 37 38 35 34

THE FIGURE. Examples of blink reflex in an adult
control subject (upper) and a patient of similar age
with leprosy (lower).
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ter band-pass was set to 20–3000 Hz, sensi-
bility to 200 µV/cm, and the sweep velocity
was 10 msec per division. Stimulation was
performed with the cathode over the supra-
orbital foramen, with single stimuli on each
side, consisting of square-wave pulses of
0.2 msec duration and 25 mA intensity. The
ground electrode was positioned comfort-
ably around the neck. Two recordings were
obtained from both sides for each subject,
with ten seconds or more between stimuli.
Blink reflexes were obtained after unilateral
electric stimulation of the supraorbital
nerve for quantitative analysis of 3 re-
sponses, early ipsilateral phasic component
(R1), late ipsilateral tonic component (R2i)
and late contralateral tonic component
(R2c). Latency was measured from the
stimulus onset to the shortest initial deflec-
tion of the height R1 or R2 components.
Amplitude was not important. Examples of
blink reflex in a control subject and a pa-
tient are presented in Fig. 1.

Statistical methods. Data are expressed
as mean ± standard deviation (mean ±
S.D.). Differences between the means of
groups were determined using the unpaired
t-test. The correlation of two parameters
was tested using a linear regression analy-
sis. Values of p <0.05 were accepted as sta-
tistically significant.

RESULTS
The data from each group studied are

summarized in Table 2. The latencies of both
the ipsilateral early phasic component (R1)
and bilateral late tonic components (R2i and
R2c) in people affected by leprosy were sig-
nificantly prolonged compared with the con-
trols (Fig. 1). In general, abnormal R1 la-
tency was less than that of R2. Out of 37
people affected by leprosy, 22 (59%) showed
abnormalities R1 latency, 28 (75%) R2i la-

tency and 31 (83%) R2c latency. No correla-
tion was observed between prolonged laten-
cies and the duration of disease.

DISCUSSION
Trigeminal and facial nerves are among

the most commonly affected in people af-
fected by leprosy (11). Diagnostic delay in
leprosy can have serious neurological con-
sequences for the patient. The diagnosis of
leprosy is often missed by physicians, lead-
ing to delay of treatment during which pro-
gressive neuropathy, visual loss, and defor-
mity may occur (8, 13). It is a very serious,
mutilating and stigmatizing disease in many
parts of the world and early diagnosis and
therapy is the most important strategy for
its control (3, 8, 13). There is evidence that nerve
damage in leprosy occurs before clinical
manifestations become apparent (16, 17, 20).
When the clinical signs are apparent, exten-
sive and often-permanent nerve damage has
already taken place. A method to detect
asymptomatic neuropathy of trigeminal and
facial nerves electrophysiologically could
be valuable to identify patients at high risk
for symptomatic cranial neuropathy. One
opportunity for this is the measurement of
damage to trigeminal and facial nerves us-
ing the blink reflex in standard EMG equip-
ment.

The blink reflex is a very practical, repro-
ducible electrical response, which can be
used in comparative clinical studies and ex-
perimental models (6, 18). It is an electrically
induced glabellar response that has long
been used in clinical neurology and is
known to be a polisinaptic reflex with an af-
ferent arc through sensory fibers of the
trigeminal nerve and with an efferent arc
through the motor fibers of the facial nerve
(6, 7, 14). It has been most useful in the evalu-
ation of lesions affecting the trigeminal

TABLE 2. Mean values of some parameters in the leprosy patients and the control
group.

Leprosy patients Control group p

Left eye R1 mean latency (msec) 12.68 ± 3.43 11.28 ± 2.32 <0.05
Right eye R1 mean latency (msec) 13.01 ± 2.07 11.14 ± 2.18 <0.05
Left eye R2i mean latency (msec) 37.4 ± 6.55 32.51 ± 6.65 <0.05
Right eye R2i mean latency (msec) 38.25 ± 4.72 30.23 ± 3.6 <0.05
Left eye R2c mean latency (msec) 38.01 ± 9.76 32.91 ± 4.75 <0.05
Right eye R2c mean latency (msec) 39.76 ± 3.48 31.67 ± 5.9 <0.05
Median nerve motor distal latency (msec) 4.1 ± 0.58 3.4 ± 0.56 <0.05
Ulnar nerve motor distal latency (msec) 4.6 ± 0.84 3.2 ± 0.54 <0.05



490 International Journal of Leprosy 2004

nerve and facial nerve (1, 2). For the detec-
tion of a lesion in the first division of
trigeminal nerve, the blink reflex is the only
physiological test available at this time. The
classic findings indicative of such a lesion
are an afferent defect, a prolonged latency
of R1, R2i and R2c (2). In facial nerve le-
sions, there is a delay in the reflex latency
only on the affected side, regardless of the
side of the stimulation (6, 9).

In our study, latency of R1, R2i and R2c
were significantly prolonged in the people
affected by leprosy compared to the control
subjects, similar to the findings in previous
studies (5, 11). These results, together with
previous studies, demonstrate that some de-
gree of cranial neuropathy may be present
in the people affected by leprosy with neu-
ropathy. The blink reflex study may indicate
an effective diagnosis of cranial nerve in-
volvement.

Shetty, et al. (17) reported that subclinical
neuropathy may take place before clinical
manifestations become apparent. Indeed,
histopathological and immunocytochemical
studies have demonstrated that nerve dam-
age progresses from small unmyelinated to
small myelinated and finally to large myeli-
nated fibers (15). The authors suggest that
this electrophysiological study may well in-
dicate subclinical neuropathy in these pa-
tients, since a significantly prolonged la-
tency was not seen in the normal control
subjects.

Ramachandran, et al. (10) reported an as-
sociation between the severity of autonomic
neuropathy and a longer duration of lep-
rosy. In this study, no significant correlation
between duration of leprosy and positive
test results was found. This was probably
due to a longer duration of the effects of
leprosy after treatment in our patients. The
period between diagnosis of leprosy and
study was 16.73 yrs.

In conclusion, we have observed mark-
edly abnormal patterns of blink reflex in
leprosy. The use of blink reflex testing
which can be easily and rapidly performed
in an EMG laboratory using standard equip-
ment can provide useful, objective informa-
tion for diagnosis and in determining the
degree of cranial nerve lesions. However,
future electrophysiological trials in active
leprosy will provide further information for
the use of this test in the early diagnosis of

cranial nerve involvement in leprosy pa-
tients.
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TO THE EDITOR:

I have just read your editorial on classifi-
cation of leprosy in the June issue of the
JOURNAL. It is a very thought-provoking
and stimulating article.

Unfortunately it is too true that we are
not asking such fundamental questions very
often. It becomes much easier to simplify
everything in life and then imagine that the
simplified representations are the reality.

I do agree with you that simplifying the

classification system has been an invaluable
tool to reach millions of untreated individu-
als and to lower prevalence, and it still re-
mains a valid tool for public health. How-
ever it should not be confused with our
endeavor to understand a disease through
scientific research.

—Dr. Sunil Deepak, Director

Medical Support Department
AIFO - Italy

TO THE EDITOR:

I read with great interest the article titled
“Epidemiological Characteristics of Lep-
rosy Reactions: 15 years experience from
North India,” Int. J. Lepr. Other Mycobact.
Dis. 72 (2004) 125–133. Prof. Bhushan Ku-
mar and his co-authors have to be compli-
mented on a painstaking analysis of 2600
patients with leprosy reactions attending
their reputed “tertiary care institute in
Northern India, which is a low endemic
area for leprosy.” This is indeed a very use-
ful clinical contribution.

However, I wonder whether it is an “epi-
demiological study” (as the title implies)
based on a specific population from which
the sample of patients is derived. As far as I
know “Epidemiology” is defined as the
study of the distribution and determinants
of disease in human population. Whereas
the basis of clinical research is the observa-
tion on individual patients, epidemiology

requires observation of communities of
people among whom disease occurs. The
word epidemiology means something about
people (EPI = upon; DEMOS = people).

While factors like onset, risk factors like
age, sex etc. which also form important pa-
rameters of epidemiology are well de-
scribed in the article, the occurrence of re-
actions and incidence over a period of time
in specific communities or population
groups is not available. This information
will be necessary for planning management
of reactions under field conditions. The title
of the paper may be a misnomer.

I would invite comments from the au-
thors or any epidemiologist on these points.

—Dr. R. Ganapati

Director,
Bombay Leprosy Project,
11 VN Purav Marg, Sion-Chunabhatti,
Mumbai – 400 022, India

Regarding Classification of Leprosy

Epidemiology of Leprosy
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THE AUTHOR’S REPLY:

We thank Dr. Ganapati for his interest,
appreciation, and comments regarding our
article “Epidemiological Characteristics of
Leprosy Reactions: 15 years experience
from North India,” which appeared in Vol.
72 (2004) of THE INTERNATIONAL JOURNAL
OF LEPROSY AND OTHER MYCOBACTERIAL
DISEASES, pp. 125–133.

The definition of “epidemiology” in its true
sense as mentioned by Dr. Ganapati is well
known and accepted by all the health care
professionals. However, we used the word
“epidemiological characteristics” to describe
various parameters/variables of reactions in
relation to our large group of leprosy patients.

The risk factors and incidence over a pe-
riod of time is discussed in relation to
pauci- and multibacillary disease. It was
beyond the scope of this hospital-based
analysis to interpret results with respect to
“communities” and “population groups.”
Our results do provide important inputs for

planning management of reactions both un-
der institutional and field conditions, how-
ever being a hospital based study, both the
incidence and severity of leprosy reactions
may not be totally comparable to the situa-
tion in field. We have also given the data
from the field studies vis-à-vis the hospital
based figures for purposes of completeness
and to help the readers/epidemiologists to
draw their own conclusions.

We are thankful to Dr. Ganapati and your
journal for giving us the opportunity to put
across our point of view about the basic and
the practical usage of a term.

—Bhushan Kumar M.D., MNAMS,
Sunil Dogra M.D., DNB MNAMS,

Inderjeet Kaur M.D., MNAMS,

Department of Dermatology, Venereology
& Leprology

Postgraduate Institute of Medical
Education and Research,

Chandigarh, India
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CORRESPONDENCE

This department is for the publication of informal communications that are of interest
because they are informative and stimulating, and for the discussion of controversial
matters. The mandate of this JOURNAL is to disseminate information relating to leprosy in
particular and also other mycobacterial diseases. Dissident comment or interpretation on
published research is of course valid, but personality attacks on individuals would seem
unnecessary. Political comments, valid or not, also are unwelcome. They might result in
interference with the distribution of the JOURNAL and thus interfere with its prime purpose.

Using the Blink Reflex as Measured by

Electromyogram to Assess Cranial Nerve Involvement

in People Affected by Leprosy1

Hazir Ulvi, Remzi Yigiter, Tahir Yoldas, Recep Aygul, Asuman Orhan Varoglu,
and Orhan Deniz2

ABSTRACT
Damage to the peripheral nervous system is particularly frequent in leprosy patients.

Trigeminal and facial nerves are among the most commonly affected. The aim of our study
was to evaluate the efficacy of the blink reflex as a method for diagnosis of cranial nerve in-
volvement in people affected by leprosy. We studied 37 affected people (mean age: 38 yrs,
20 female and 17 male) and 35 age-matched healthy subjects (mean age: 34 yrs, 20 female
and 15 male). Blink reflexes were obtained after unilateral electrical stimulation of the
supraorbital nerve for quantitative analysis of 3 responses, early ipsilateral phasic compo-
nent (R1), late ipsilateral tonic component (R2i), and late contralateral tonic component
(R2c). Nerve conduction parameters were studied in all subjects.

The latencies of both the ipsilateral early phasic component (R1) and bilateral late tonic
components (R2i and R2c) in people affected by leprosy were significantly prolonged com-
pared with the controls. Out of 37 people affected by leprosy, 22 (59%) showed abnormali-
ties R1 latency, 28 (75%) R2i latency and 31 (83%) R2c latency. No correlation was ob-
served between prolonged latencies and duration of the disease. We conclude that blink
reflex testing, which can be easily and rapidly performed in an EMG laboratory using stan-
dard equipment, can provide useful and objective information for the diagnosis of cranial
nerve lesions and for the determination of the degree thereof.

RÉSUMÉ
Les atteintes du système nerveux périphérique sont particulièrement fréquentes chez les

patients lépreux. Les nerfs trijumeaux et faciaux sont parmi les nerfs les plus souvent affec-
tés. Le but de cette étude était d’évaluer l’efficacité du réflexe de clignement comme méth-
ode de diagnostic d’atteinte des nerfs crâniens chez les personnes affectées par la lèpre.
Nous avons étudié 37 personnes affectées (âge moyen : 38 ans, 20 femmes et 17 hommes)

486

INTERNATIONAL JOURNAL OF LEPROSY Volume 72, Number 4
Printed in the U.S.A.

(ISSN 0148-916X)



72, 4 Correspondence 487

TO THE EDITOR:

Leprosy remains an important health
problem worldwide. Leprosy was once
widely distributed in Europe and Asia but
now occurs mainly in resource-poor coun-
tries in tropical and warm temperate regions
(3). According to the World Health Organ-
ization (WHO), at the beginning of 2003,
the number of leprosy patients in the world
was around 534,000, as reported by 110
countries. About 621,000 new cases were
detected during 2002 (22). It is a very seri-
ous and mutilating disease in many parts of
the world and diagnosis and therapy is the
most important strategy for its control (12).
All patients with leprosy have some degree
of nerve involvement, making leprous neu-
ritis undoubtedly the most common cause
of treatable neuropathy in the world. Defor-
mities from involvement of facial struc-

tures, eyes, nerves, bone, and skin can re-
sult in stigmatization and social ostracism.
The diagnosis of leprosy is often missed by
physicians in the United States, leading to
delay of treatment during which progres-
sive neuropathy, visual loss and deformity
may occur (13). Diagnostic delay in leprosy
can have serious neurological consequences
for the patient. Lockwood, et al. (8) demon-
strated that the median time from symptom
onset to diagnosis was 1.8 yrs (0.2 to 15.2)
and delayed in diagnosis occurred in 82%
of cases in the United Kingdom. They also
demonstrated that misdiagnosis as other
dermatological and neurological conditions
were important causes of delay 68% of pa-
tients in the UK were found to have nerve
damage resulting in disability. Increased
awareness among general practitioners and
hospital specialists would lead to more
rapid diagnosis, thus minimizing damage

et 35 personnes saines d’âge similaire (âge moyen : 34 ans, 20 femmes et 15 hommes). Les
réflexes de clignement furent obtenus après stimulation électrique unilatérale du nerf supra-
orbital afin de procéder à l’analyse quantitative de 3 types de réponse : la composante de la
phase précoce ipsilatérale (R1), la composante tonique tardive ipsilatérale (R2i) et la com-
posante tonique tardive controlatérale (R2c). Les paramètres de conduction nerveuse furent
étudiés chez tous les sujets.

Les latences d’à la fois la composante de la phase précoce ipsilatérale (R1) et des com-
posantes toniques tardives bilatérales (R2i et R2c) des personnes affectées par la lèpre
étaient significativement prolongées lorsque comparées aux personnes témoins. Parmi 37
personnes souffrant de lèpre, 22 (59%) montrèrent des latences anormales de R1, 28 (75%),
des latences anormales de R2i et 31 (83%) de R2c. La prolongation des latences n’était pas
corrélée à la durée de la maladie. En conclusion, le réflexe de clignement, qui peut être
facilement et rapidement réalisé dans un laboratoire d’électromyographie utilisant des
équipements standards, peut apporter des informations utiles et objectives au diagnostic des
lésions des nerfs crâniens et à la détermination du degré de celles-ci.

RESUMEN
El daño al sistema nervioso periférico es particularmente frecuente entre los pacientes con

lepra. Los nervios trigémino y facial están entre los más frecuentemente afectados. El obje-
tivo del estudio fue evaluar la eficacia del parpadeo reflejo como un método de diagnóstico
de afección del nervio craneal en pacientes con lepra. Se estudiaron 37 pacientes (edad
promedio: 38 años, 20 mujeres y 17 hombres) y 35 sujetos sanos apareados por edad (edad
promedio 34 años, 20 mujeres y 15 hombres). Los reflejos de parpadeo se indujeron por es-
timulación eléctrica unilateral del nervio supraorbital y se evaluaron cuantitativamente 3 re-
spuestas: el componente fásico ipsilateral temprano (R1), el componente tónico ipsilateral
tardío (R2i), y el componente tónico contralateral (R2c). En todos los sujetos también se es-
tudiaron los parámetros de conducción nerviosa. En comparación con los controles sanos, las
latencias tanto del componente fásico ipsilateral temprano (R1) como de los componentes
tónicos bilaterales tardíos (R2i y R2c) en los pacientes con lepra estuvieron significativa-
mente prolongados. De 37 personas afectadas por la lepra, 22 (59%) mostraron anormali-
dades en la latencia R1, 28 (75%) en la latencia R2i, y 31 (83%) en la latencia R2c. No se ob-
servó correlación entre las latencias prolongadas y la duración de la enfermedad. Concluimos
que la prueba de reflejos de parpadeo, la cual puede hacerse fácil- y rápidamente en un labo-
ratorio de EMG usando equipo estándar, puede proporcionar información útil y objetiva para
el diagnóstico de las lesiones en el nervio craneal y para determinar su grado de afección.
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and disability. When detected and treated
early, primary impairments may be re-
versible (21). For this reason, early recogni-
tion of leprosy is very important.

Trigeminal and facial nerves are among the
most commonly affected in leprosy patients
(11). Electrophysiological studies such as the
blink reflex have been shown to be an effec-
tive method for revealing subclinical involve-
ment of cranial nerves in generalised neu-
ropathies (4, 5, 9, 11). The aim of our study was
to evaluate the efficacy of the blink reflex as
a method for diagnosis of cranial nerve in-
volvement in people affected by leprosy.

METHODS
We studied 37 patients who had been

treated for lepromatous leprosy (LL) with a
mean age of 38 ± 17 yrs (range 23 yrs to 62
yrs; 20 female and 17 male), and 35 age-
matched healthy volunteer subjects (con-
trol) with a mean age of 34 ± 12 yrs (range
24 yrs to 48 yrs; 20 female and 15 male).
The demographic characteristics of patients
and control subjects are presented in Table
1. Patients were hospitalized in Elazığ Lep-
rosy Hospital for treatment and rehabilita-
tion. The patients involved in this study had
completed treatment and were cured of lep-
rosy The period between diagnosis of lep-
rosy and study was 16.73 yrs. The patients
and controls were carefully examined. All
subjects in the study had a negative history
and negative physical examination for cen-
tral nervous system disease.

Exclusion Criteria:

• alcohol abuse
• cigarette consumption of over 10 ciga-

rettes/day
• the presence of disease of the periph-

eral nervous system not related to lep-
rosy

• tuberculoid and borderline leprosy (ac-
cording to the Ridley-Jopling classifi-
cation) (23)

Informed consent was obtained from all
patients and controls before the investiga-
tions were carried out. Routine blood analy-
sis was performed.

All subjects were studied using elec-
tromyogram (EMG) equipment (KEY-
POINT, DANTEC, DENMARK). Follow-
ing the standardized protocol proposed by
Kimura, et al. (6) the supraorbital nerve in
the supraorbital foramen was stimulated
and the evoked responses from both orbic-
ulares oculi muscles were recorded. Sub-
jects were awake, in dorsal decubitus posi-
tion, with room temperatures between 22
and 27°C, in a semi-darkened room. Sur-
face platinum disc electrodes of 0.5 cm di-
ameter were positioned as follows: channel
1, active electrode G1 was placed on the
belly of the left orbicularis oculi muscle, 1
cm below the left lateral epicanthal point;
reference electrode G2 was placed on the
lateral surface of the nose; channel 2 was
symmetrically positioned in relation to the
channel 1 electrodes, on the right side. Fil-

TABLE 1. The demographic characteris-
tics of patients and control subjects.

Patients Control group
Sex

Number Age (yrs) Number Age (yrs)

Female 20 35 20 32
Male 17 41 15 36
Total 37 38 35 34

THE FIGURE. Examples of blink reflex in an adult
control subject (upper) and a patient of similar age
with leprosy (lower).
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ter band-pass was set to 20–3000 Hz, sensi-
bility to 200 µV/cm, and the sweep velocity
was 10 msec per division. Stimulation was
performed with the cathode over the supra-
orbital foramen, with single stimuli on each
side, consisting of square-wave pulses of
0.2 msec duration and 25 mA intensity. The
ground electrode was positioned comfort-
ably around the neck. Two recordings were
obtained from both sides for each subject,
with ten seconds or more between stimuli.
Blink reflexes were obtained after unilateral
electric stimulation of the supraorbital
nerve for quantitative analysis of 3 re-
sponses, early ipsilateral phasic component
(R1), late ipsilateral tonic component (R2i)
and late contralateral tonic component
(R2c). Latency was measured from the
stimulus onset to the shortest initial deflec-
tion of the height R1 or R2 components.
Amplitude was not important. Examples of
blink reflex in a control subject and a pa-
tient are presented in Fig. 1.

Statistical methods. Data are expressed
as mean ± standard deviation (mean ±
S.D.). Differences between the means of
groups were determined using the unpaired
t-test. The correlation of two parameters
was tested using a linear regression analy-
sis. Values of p <0.05 were accepted as sta-
tistically significant.

RESULTS
The data from each group studied are

summarized in Table 2. The latencies of both
the ipsilateral early phasic component (R1)
and bilateral late tonic components (R2i and
R2c) in people affected by leprosy were sig-
nificantly prolonged compared with the con-
trols (Fig. 1). In general, abnormal R1 la-
tency was less than that of R2. Out of 37
people affected by leprosy, 22 (59%) showed
abnormalities R1 latency, 28 (75%) R2i la-

tency and 31 (83%) R2c latency. No correla-
tion was observed between prolonged laten-
cies and the duration of disease.

DISCUSSION
Trigeminal and facial nerves are among

the most commonly affected in people af-
fected by leprosy (11). Diagnostic delay in
leprosy can have serious neurological con-
sequences for the patient. The diagnosis of
leprosy is often missed by physicians, lead-
ing to delay of treatment during which pro-
gressive neuropathy, visual loss, and defor-
mity may occur (8, 13). It is a very serious,
mutilating and stigmatizing disease in many
parts of the world and early diagnosis and
therapy is the most important strategy for
its control (3, 8, 13). There is evidence that nerve
damage in leprosy occurs before clinical
manifestations become apparent (16, 17, 20).
When the clinical signs are apparent, exten-
sive and often-permanent nerve damage has
already taken place. A method to detect
asymptomatic neuropathy of trigeminal and
facial nerves electrophysiologically could
be valuable to identify patients at high risk
for symptomatic cranial neuropathy. One
opportunity for this is the measurement of
damage to trigeminal and facial nerves us-
ing the blink reflex in standard EMG equip-
ment.

The blink reflex is a very practical, repro-
ducible electrical response, which can be
used in comparative clinical studies and ex-
perimental models (6, 18). It is an electrically
induced glabellar response that has long
been used in clinical neurology and is
known to be a polisinaptic reflex with an af-
ferent arc through sensory fibers of the
trigeminal nerve and with an efferent arc
through the motor fibers of the facial nerve
(6, 7, 14). It has been most useful in the evalu-
ation of lesions affecting the trigeminal

TABLE 2. Mean values of some parameters in the leprosy patients and the control
group.

Leprosy patients Control group p

Left eye R1 mean latency (msec) 12.68 ± 3.43 11.28 ± 2.32 <0.05
Right eye R1 mean latency (msec) 13.01 ± 2.07 11.14 ± 2.18 <0.05
Left eye R2i mean latency (msec) 37.4 ± 6.55 32.51 ± 6.65 <0.05
Right eye R2i mean latency (msec) 38.25 ± 4.72 30.23 ± 3.6 <0.05
Left eye R2c mean latency (msec) 38.01 ± 9.76 32.91 ± 4.75 <0.05
Right eye R2c mean latency (msec) 39.76 ± 3.48 31.67 ± 5.9 <0.05
Median nerve motor distal latency (msec) 4.1 ± 0.58 3.4 ± 0.56 <0.05
Ulnar nerve motor distal latency (msec) 4.6 ± 0.84 3.2 ± 0.54 <0.05
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nerve and facial nerve (1, 2). For the detec-
tion of a lesion in the first division of
trigeminal nerve, the blink reflex is the only
physiological test available at this time. The
classic findings indicative of such a lesion
are an afferent defect, a prolonged latency
of R1, R2i and R2c (2). In facial nerve le-
sions, there is a delay in the reflex latency
only on the affected side, regardless of the
side of the stimulation (6, 9).

In our study, latency of R1, R2i and R2c
were significantly prolonged in the people
affected by leprosy compared to the control
subjects, similar to the findings in previous
studies (5, 11). These results, together with
previous studies, demonstrate that some de-
gree of cranial neuropathy may be present
in the people affected by leprosy with neu-
ropathy. The blink reflex study may indicate
an effective diagnosis of cranial nerve in-
volvement.

Shetty, et al. (17) reported that subclinical
neuropathy may take place before clinical
manifestations become apparent. Indeed,
histopathological and immunocytochemical
studies have demonstrated that nerve dam-
age progresses from small unmyelinated to
small myelinated and finally to large myeli-
nated fibers (15). The authors suggest that
this electrophysiological study may well in-
dicate subclinical neuropathy in these pa-
tients, since a significantly prolonged la-
tency was not seen in the normal control
subjects.

Ramachandran, et al. (10) reported an as-
sociation between the severity of autonomic
neuropathy and a longer duration of lep-
rosy. In this study, no significant correlation
between duration of leprosy and positive
test results was found. This was probably
due to a longer duration of the effects of
leprosy after treatment in our patients. The
period between diagnosis of leprosy and
study was 16.73 yrs.

In conclusion, we have observed mark-
edly abnormal patterns of blink reflex in
leprosy. The use of blink reflex testing
which can be easily and rapidly performed
in an EMG laboratory using standard equip-
ment can provide useful, objective informa-
tion for diagnosis and in determining the
degree of cranial nerve lesions. However,
future electrophysiological trials in active
leprosy will provide further information for
the use of this test in the early diagnosis of

cranial nerve involvement in leprosy pa-
tients.
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TO THE EDITOR:

I have just read your editorial on classifi-
cation of leprosy in the June issue of the
JOURNAL. It is a very thought-provoking
and stimulating article.

Unfortunately it is too true that we are
not asking such fundamental questions very
often. It becomes much easier to simplify
everything in life and then imagine that the
simplified representations are the reality.

I do agree with you that simplifying the

classification system has been an invaluable
tool to reach millions of untreated individu-
als and to lower prevalence, and it still re-
mains a valid tool for public health. How-
ever it should not be confused with our
endeavor to understand a disease through
scientific research.

—Dr. Sunil Deepak, Director

Medical Support Department
AIFO - Italy

TO THE EDITOR:

I read with great interest the article titled
“Epidemiological Characteristics of Lep-
rosy Reactions: 15 years experience from
North India,” Int. J. Lepr. Other Mycobact.
Dis. 72 (2004) 125–133. Prof. Bhushan Ku-
mar and his co-authors have to be compli-
mented on a painstaking analysis of 2600
patients with leprosy reactions attending
their reputed “tertiary care institute in
Northern India, which is a low endemic
area for leprosy.” This is indeed a very use-
ful clinical contribution.

However, I wonder whether it is an “epi-
demiological study” (as the title implies)
based on a specific population from which
the sample of patients is derived. As far as I
know “Epidemiology” is defined as the
study of the distribution and determinants
of disease in human population. Whereas
the basis of clinical research is the observa-
tion on individual patients, epidemiology

requires observation of communities of
people among whom disease occurs. The
word epidemiology means something about
people (EPI = upon; DEMOS = people).

While factors like onset, risk factors like
age, sex etc. which also form important pa-
rameters of epidemiology are well de-
scribed in the article, the occurrence of re-
actions and incidence over a period of time
in specific communities or population
groups is not available. This information
will be necessary for planning management
of reactions under field conditions. The title
of the paper may be a misnomer.

I would invite comments from the au-
thors or any epidemiologist on these points.

—Dr. R. Ganapati

Director,
Bombay Leprosy Project,
11 VN Purav Marg, Sion-Chunabhatti,
Mumbai – 400 022, India

Regarding Classification of Leprosy

Epidemiology of Leprosy
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THE AUTHOR’S REPLY:

We thank Dr. Ganapati for his interest,
appreciation, and comments regarding our
article “Epidemiological Characteristics of
Leprosy Reactions: 15 years experience
from North India,” which appeared in Vol.
72 (2004) of THE INTERNATIONAL JOURNAL
OF LEPROSY AND OTHER MYCOBACTERIAL
DISEASES, pp. 125–133.

The definition of “epidemiology” in its true
sense as mentioned by Dr. Ganapati is well
known and accepted by all the health care
professionals. However, we used the word
“epidemiological characteristics” to describe
various parameters/variables of reactions in
relation to our large group of leprosy patients.

The risk factors and incidence over a pe-
riod of time is discussed in relation to
pauci- and multibacillary disease. It was
beyond the scope of this hospital-based
analysis to interpret results with respect to
“communities” and “population groups.”
Our results do provide important inputs for

planning management of reactions both un-
der institutional and field conditions, how-
ever being a hospital based study, both the
incidence and severity of leprosy reactions
may not be totally comparable to the situa-
tion in field. We have also given the data
from the field studies vis-à-vis the hospital
based figures for purposes of completeness
and to help the readers/epidemiologists to
draw their own conclusions.

We are thankful to Dr. Ganapati and your
journal for giving us the opportunity to put
across our point of view about the basic and
the practical usage of a term.

—Bhushan Kumar M.D., MNAMS,
Sunil Dogra M.D., DNB MNAMS,

Inderjeet Kaur M.D., MNAMS,

Department of Dermatology, Venereology
& Leprology

Postgraduate Institute of Medical
Education and Research,

Chandigarh, India
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CORRESPONDENCE

This department is for the publication of informal communications that are of interest
because they are informative and stimulating, and for the discussion of controversial
matters. The mandate of this JOURNAL is to disseminate information relating to leprosy in
particular and also other mycobacterial diseases. Dissident comment or interpretation on
published research is of course valid, but personality attacks on individuals would seem
unnecessary. Political comments, valid or not, also are unwelcome. They might result in
interference with the distribution of the JOURNAL and thus interfere with its prime purpose.

Using the Blink Reflex as Measured by

Electromyogram to Assess Cranial Nerve Involvement

in People Affected by Leprosy1

Hazir Ulvi, Remzi Yigiter, Tahir Yoldas, Recep Aygul, Asuman Orhan Varoglu,
and Orhan Deniz2

ABSTRACT
Damage to the peripheral nervous system is particularly frequent in leprosy patients.

Trigeminal and facial nerves are among the most commonly affected. The aim of our study
was to evaluate the efficacy of the blink reflex as a method for diagnosis of cranial nerve in-
volvement in people affected by leprosy. We studied 37 affected people (mean age: 38 yrs,
20 female and 17 male) and 35 age-matched healthy subjects (mean age: 34 yrs, 20 female
and 15 male). Blink reflexes were obtained after unilateral electrical stimulation of the
supraorbital nerve for quantitative analysis of 3 responses, early ipsilateral phasic compo-
nent (R1), late ipsilateral tonic component (R2i), and late contralateral tonic component
(R2c). Nerve conduction parameters were studied in all subjects.

The latencies of both the ipsilateral early phasic component (R1) and bilateral late tonic
components (R2i and R2c) in people affected by leprosy were significantly prolonged com-
pared with the controls. Out of 37 people affected by leprosy, 22 (59%) showed abnormali-
ties R1 latency, 28 (75%) R2i latency and 31 (83%) R2c latency. No correlation was ob-
served between prolonged latencies and duration of the disease. We conclude that blink
reflex testing, which can be easily and rapidly performed in an EMG laboratory using stan-
dard equipment, can provide useful and objective information for the diagnosis of cranial
nerve lesions and for the determination of the degree thereof.

RÉSUMÉ
Les atteintes du système nerveux périphérique sont particulièrement fréquentes chez les

patients lépreux. Les nerfs trijumeaux et faciaux sont parmi les nerfs les plus souvent affec-
tés. Le but de cette étude était d’évaluer l’efficacité du réflexe de clignement comme méth-
ode de diagnostic d’atteinte des nerfs crâniens chez les personnes affectées par la lèpre.
Nous avons étudié 37 personnes affectées (âge moyen : 38 ans, 20 femmes et 17 hommes)
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TO THE EDITOR:

Leprosy remains an important health
problem worldwide. Leprosy was once
widely distributed in Europe and Asia but
now occurs mainly in resource-poor coun-
tries in tropical and warm temperate regions
(3). According to the World Health Organ-
ization (WHO), at the beginning of 2003,
the number of leprosy patients in the world
was around 534,000, as reported by 110
countries. About 621,000 new cases were
detected during 2002 (22). It is a very seri-
ous and mutilating disease in many parts of
the world and diagnosis and therapy is the
most important strategy for its control (12).
All patients with leprosy have some degree
of nerve involvement, making leprous neu-
ritis undoubtedly the most common cause
of treatable neuropathy in the world. Defor-
mities from involvement of facial struc-

tures, eyes, nerves, bone, and skin can re-
sult in stigmatization and social ostracism.
The diagnosis of leprosy is often missed by
physicians in the United States, leading to
delay of treatment during which progres-
sive neuropathy, visual loss and deformity
may occur (13). Diagnostic delay in leprosy
can have serious neurological consequences
for the patient. Lockwood, et al. (8) demon-
strated that the median time from symptom
onset to diagnosis was 1.8 yrs (0.2 to 15.2)
and delayed in diagnosis occurred in 82%
of cases in the United Kingdom. They also
demonstrated that misdiagnosis as other
dermatological and neurological conditions
were important causes of delay 68% of pa-
tients in the UK were found to have nerve
damage resulting in disability. Increased
awareness among general practitioners and
hospital specialists would lead to more
rapid diagnosis, thus minimizing damage

et 35 personnes saines d’âge similaire (âge moyen : 34 ans, 20 femmes et 15 hommes). Les
réflexes de clignement furent obtenus après stimulation électrique unilatérale du nerf supra-
orbital afin de procéder à l’analyse quantitative de 3 types de réponse : la composante de la
phase précoce ipsilatérale (R1), la composante tonique tardive ipsilatérale (R2i) et la com-
posante tonique tardive controlatérale (R2c). Les paramètres de conduction nerveuse furent
étudiés chez tous les sujets.

Les latences d’à la fois la composante de la phase précoce ipsilatérale (R1) et des com-
posantes toniques tardives bilatérales (R2i et R2c) des personnes affectées par la lèpre
étaient significativement prolongées lorsque comparées aux personnes témoins. Parmi 37
personnes souffrant de lèpre, 22 (59%) montrèrent des latences anormales de R1, 28 (75%),
des latences anormales de R2i et 31 (83%) de R2c. La prolongation des latences n’était pas
corrélée à la durée de la maladie. En conclusion, le réflexe de clignement, qui peut être
facilement et rapidement réalisé dans un laboratoire d’électromyographie utilisant des
équipements standards, peut apporter des informations utiles et objectives au diagnostic des
lésions des nerfs crâniens et à la détermination du degré de celles-ci.

RESUMEN
El daño al sistema nervioso periférico es particularmente frecuente entre los pacientes con

lepra. Los nervios trigémino y facial están entre los más frecuentemente afectados. El obje-
tivo del estudio fue evaluar la eficacia del parpadeo reflejo como un método de diagnóstico
de afección del nervio craneal en pacientes con lepra. Se estudiaron 37 pacientes (edad
promedio: 38 años, 20 mujeres y 17 hombres) y 35 sujetos sanos apareados por edad (edad
promedio 34 años, 20 mujeres y 15 hombres). Los reflejos de parpadeo se indujeron por es-
timulación eléctrica unilateral del nervio supraorbital y se evaluaron cuantitativamente 3 re-
spuestas: el componente fásico ipsilateral temprano (R1), el componente tónico ipsilateral
tardío (R2i), y el componente tónico contralateral (R2c). En todos los sujetos también se es-
tudiaron los parámetros de conducción nerviosa. En comparación con los controles sanos, las
latencias tanto del componente fásico ipsilateral temprano (R1) como de los componentes
tónicos bilaterales tardíos (R2i y R2c) en los pacientes con lepra estuvieron significativa-
mente prolongados. De 37 personas afectadas por la lepra, 22 (59%) mostraron anormali-
dades en la latencia R1, 28 (75%) en la latencia R2i, y 31 (83%) en la latencia R2c. No se ob-
servó correlación entre las latencias prolongadas y la duración de la enfermedad. Concluimos
que la prueba de reflejos de parpadeo, la cual puede hacerse fácil- y rápidamente en un labo-
ratorio de EMG usando equipo estándar, puede proporcionar información útil y objetiva para
el diagnóstico de las lesiones en el nervio craneal y para determinar su grado de afección.
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and disability. When detected and treated
early, primary impairments may be re-
versible (21). For this reason, early recogni-
tion of leprosy is very important.

Trigeminal and facial nerves are among the
most commonly affected in leprosy patients
(11). Electrophysiological studies such as the
blink reflex have been shown to be an effec-
tive method for revealing subclinical involve-
ment of cranial nerves in generalised neu-
ropathies (4, 5, 9, 11). The aim of our study was
to evaluate the efficacy of the blink reflex as
a method for diagnosis of cranial nerve in-
volvement in people affected by leprosy.

METHODS
We studied 37 patients who had been

treated for lepromatous leprosy (LL) with a
mean age of 38 ± 17 yrs (range 23 yrs to 62
yrs; 20 female and 17 male), and 35 age-
matched healthy volunteer subjects (con-
trol) with a mean age of 34 ± 12 yrs (range
24 yrs to 48 yrs; 20 female and 15 male).
The demographic characteristics of patients
and control subjects are presented in Table
1. Patients were hospitalized in Elazığ Lep-
rosy Hospital for treatment and rehabilita-
tion. The patients involved in this study had
completed treatment and were cured of lep-
rosy The period between diagnosis of lep-
rosy and study was 16.73 yrs. The patients
and controls were carefully examined. All
subjects in the study had a negative history
and negative physical examination for cen-
tral nervous system disease.

Exclusion Criteria:

• alcohol abuse
• cigarette consumption of over 10 ciga-

rettes/day
• the presence of disease of the periph-

eral nervous system not related to lep-
rosy

• tuberculoid and borderline leprosy (ac-
cording to the Ridley-Jopling classifi-
cation) (23)

Informed consent was obtained from all
patients and controls before the investiga-
tions were carried out. Routine blood analy-
sis was performed.

All subjects were studied using elec-
tromyogram (EMG) equipment (KEY-
POINT, DANTEC, DENMARK). Follow-
ing the standardized protocol proposed by
Kimura, et al. (6) the supraorbital nerve in
the supraorbital foramen was stimulated
and the evoked responses from both orbic-
ulares oculi muscles were recorded. Sub-
jects were awake, in dorsal decubitus posi-
tion, with room temperatures between 22
and 27°C, in a semi-darkened room. Sur-
face platinum disc electrodes of 0.5 cm di-
ameter were positioned as follows: channel
1, active electrode G1 was placed on the
belly of the left orbicularis oculi muscle, 1
cm below the left lateral epicanthal point;
reference electrode G2 was placed on the
lateral surface of the nose; channel 2 was
symmetrically positioned in relation to the
channel 1 electrodes, on the right side. Fil-

TABLE 1. The demographic characteris-
tics of patients and control subjects.

Patients Control group
Sex

Number Age (yrs) Number Age (yrs)

Female 20 35 20 32
Male 17 41 15 36
Total 37 38 35 34

THE FIGURE. Examples of blink reflex in an adult
control subject (upper) and a patient of similar age
with leprosy (lower).
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ter band-pass was set to 20–3000 Hz, sensi-
bility to 200 µV/cm, and the sweep velocity
was 10 msec per division. Stimulation was
performed with the cathode over the supra-
orbital foramen, with single stimuli on each
side, consisting of square-wave pulses of
0.2 msec duration and 25 mA intensity. The
ground electrode was positioned comfort-
ably around the neck. Two recordings were
obtained from both sides for each subject,
with ten seconds or more between stimuli.
Blink reflexes were obtained after unilateral
electric stimulation of the supraorbital
nerve for quantitative analysis of 3 re-
sponses, early ipsilateral phasic component
(R1), late ipsilateral tonic component (R2i)
and late contralateral tonic component
(R2c). Latency was measured from the
stimulus onset to the shortest initial deflec-
tion of the height R1 or R2 components.
Amplitude was not important. Examples of
blink reflex in a control subject and a pa-
tient are presented in Fig. 1.

Statistical methods. Data are expressed
as mean ± standard deviation (mean ±
S.D.). Differences between the means of
groups were determined using the unpaired
t-test. The correlation of two parameters
was tested using a linear regression analy-
sis. Values of p <0.05 were accepted as sta-
tistically significant.

RESULTS
The data from each group studied are

summarized in Table 2. The latencies of both
the ipsilateral early phasic component (R1)
and bilateral late tonic components (R2i and
R2c) in people affected by leprosy were sig-
nificantly prolonged compared with the con-
trols (Fig. 1). In general, abnormal R1 la-
tency was less than that of R2. Out of 37
people affected by leprosy, 22 (59%) showed
abnormalities R1 latency, 28 (75%) R2i la-

tency and 31 (83%) R2c latency. No correla-
tion was observed between prolonged laten-
cies and the duration of disease.

DISCUSSION
Trigeminal and facial nerves are among

the most commonly affected in people af-
fected by leprosy (11). Diagnostic delay in
leprosy can have serious neurological con-
sequences for the patient. The diagnosis of
leprosy is often missed by physicians, lead-
ing to delay of treatment during which pro-
gressive neuropathy, visual loss, and defor-
mity may occur (8, 13). It is a very serious,
mutilating and stigmatizing disease in many
parts of the world and early diagnosis and
therapy is the most important strategy for
its control (3, 8, 13). There is evidence that nerve
damage in leprosy occurs before clinical
manifestations become apparent (16, 17, 20).
When the clinical signs are apparent, exten-
sive and often-permanent nerve damage has
already taken place. A method to detect
asymptomatic neuropathy of trigeminal and
facial nerves electrophysiologically could
be valuable to identify patients at high risk
for symptomatic cranial neuropathy. One
opportunity for this is the measurement of
damage to trigeminal and facial nerves us-
ing the blink reflex in standard EMG equip-
ment.

The blink reflex is a very practical, repro-
ducible electrical response, which can be
used in comparative clinical studies and ex-
perimental models (6, 18). It is an electrically
induced glabellar response that has long
been used in clinical neurology and is
known to be a polisinaptic reflex with an af-
ferent arc through sensory fibers of the
trigeminal nerve and with an efferent arc
through the motor fibers of the facial nerve
(6, 7, 14). It has been most useful in the evalu-
ation of lesions affecting the trigeminal

TABLE 2. Mean values of some parameters in the leprosy patients and the control
group.

Leprosy patients Control group p

Left eye R1 mean latency (msec) 12.68 ± 3.43 11.28 ± 2.32 <0.05
Right eye R1 mean latency (msec) 13.01 ± 2.07 11.14 ± 2.18 <0.05
Left eye R2i mean latency (msec) 37.4 ± 6.55 32.51 ± 6.65 <0.05
Right eye R2i mean latency (msec) 38.25 ± 4.72 30.23 ± 3.6 <0.05
Left eye R2c mean latency (msec) 38.01 ± 9.76 32.91 ± 4.75 <0.05
Right eye R2c mean latency (msec) 39.76 ± 3.48 31.67 ± 5.9 <0.05
Median nerve motor distal latency (msec) 4.1 ± 0.58 3.4 ± 0.56 <0.05
Ulnar nerve motor distal latency (msec) 4.6 ± 0.84 3.2 ± 0.54 <0.05
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nerve and facial nerve (1, 2). For the detec-
tion of a lesion in the first division of
trigeminal nerve, the blink reflex is the only
physiological test available at this time. The
classic findings indicative of such a lesion
are an afferent defect, a prolonged latency
of R1, R2i and R2c (2). In facial nerve le-
sions, there is a delay in the reflex latency
only on the affected side, regardless of the
side of the stimulation (6, 9).

In our study, latency of R1, R2i and R2c
were significantly prolonged in the people
affected by leprosy compared to the control
subjects, similar to the findings in previous
studies (5, 11). These results, together with
previous studies, demonstrate that some de-
gree of cranial neuropathy may be present
in the people affected by leprosy with neu-
ropathy. The blink reflex study may indicate
an effective diagnosis of cranial nerve in-
volvement.

Shetty, et al. (17) reported that subclinical
neuropathy may take place before clinical
manifestations become apparent. Indeed,
histopathological and immunocytochemical
studies have demonstrated that nerve dam-
age progresses from small unmyelinated to
small myelinated and finally to large myeli-
nated fibers (15). The authors suggest that
this electrophysiological study may well in-
dicate subclinical neuropathy in these pa-
tients, since a significantly prolonged la-
tency was not seen in the normal control
subjects.

Ramachandran, et al. (10) reported an as-
sociation between the severity of autonomic
neuropathy and a longer duration of lep-
rosy. In this study, no significant correlation
between duration of leprosy and positive
test results was found. This was probably
due to a longer duration of the effects of
leprosy after treatment in our patients. The
period between diagnosis of leprosy and
study was 16.73 yrs.

In conclusion, we have observed mark-
edly abnormal patterns of blink reflex in
leprosy. The use of blink reflex testing
which can be easily and rapidly performed
in an EMG laboratory using standard equip-
ment can provide useful, objective informa-
tion for diagnosis and in determining the
degree of cranial nerve lesions. However,
future electrophysiological trials in active
leprosy will provide further information for
the use of this test in the early diagnosis of

cranial nerve involvement in leprosy pa-
tients.
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TO THE EDITOR:

I have just read your editorial on classifi-
cation of leprosy in the June issue of the
JOURNAL. It is a very thought-provoking
and stimulating article.

Unfortunately it is too true that we are
not asking such fundamental questions very
often. It becomes much easier to simplify
everything in life and then imagine that the
simplified representations are the reality.

I do agree with you that simplifying the

classification system has been an invaluable
tool to reach millions of untreated individu-
als and to lower prevalence, and it still re-
mains a valid tool for public health. How-
ever it should not be confused with our
endeavor to understand a disease through
scientific research.

—Dr. Sunil Deepak, Director

Medical Support Department
AIFO - Italy

TO THE EDITOR:

I read with great interest the article titled
“Epidemiological Characteristics of Lep-
rosy Reactions: 15 years experience from
North India,” Int. J. Lepr. Other Mycobact.
Dis. 72 (2004) 125–133. Prof. Bhushan Ku-
mar and his co-authors have to be compli-
mented on a painstaking analysis of 2600
patients with leprosy reactions attending
their reputed “tertiary care institute in
Northern India, which is a low endemic
area for leprosy.” This is indeed a very use-
ful clinical contribution.

However, I wonder whether it is an “epi-
demiological study” (as the title implies)
based on a specific population from which
the sample of patients is derived. As far as I
know “Epidemiology” is defined as the
study of the distribution and determinants
of disease in human population. Whereas
the basis of clinical research is the observa-
tion on individual patients, epidemiology

requires observation of communities of
people among whom disease occurs. The
word epidemiology means something about
people (EPI = upon; DEMOS = people).

While factors like onset, risk factors like
age, sex etc. which also form important pa-
rameters of epidemiology are well de-
scribed in the article, the occurrence of re-
actions and incidence over a period of time
in specific communities or population
groups is not available. This information
will be necessary for planning management
of reactions under field conditions. The title
of the paper may be a misnomer.

I would invite comments from the au-
thors or any epidemiologist on these points.

—Dr. R. Ganapati

Director,
Bombay Leprosy Project,
11 VN Purav Marg, Sion-Chunabhatti,
Mumbai – 400 022, India

Regarding Classification of Leprosy

Epidemiology of Leprosy
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THE AUTHOR’S REPLY:

We thank Dr. Ganapati for his interest,
appreciation, and comments regarding our
article “Epidemiological Characteristics of
Leprosy Reactions: 15 years experience
from North India,” which appeared in Vol.
72 (2004) of THE INTERNATIONAL JOURNAL
OF LEPROSY AND OTHER MYCOBACTERIAL
DISEASES, pp. 125–133.

The definition of “epidemiology” in its true
sense as mentioned by Dr. Ganapati is well
known and accepted by all the health care
professionals. However, we used the word
“epidemiological characteristics” to describe
various parameters/variables of reactions in
relation to our large group of leprosy patients.

The risk factors and incidence over a pe-
riod of time is discussed in relation to
pauci- and multibacillary disease. It was
beyond the scope of this hospital-based
analysis to interpret results with respect to
“communities” and “population groups.”
Our results do provide important inputs for

planning management of reactions both un-
der institutional and field conditions, how-
ever being a hospital based study, both the
incidence and severity of leprosy reactions
may not be totally comparable to the situa-
tion in field. We have also given the data
from the field studies vis-à-vis the hospital
based figures for purposes of completeness
and to help the readers/epidemiologists to
draw their own conclusions.

We are thankful to Dr. Ganapati and your
journal for giving us the opportunity to put
across our point of view about the basic and
the practical usage of a term.

—Bhushan Kumar M.D., MNAMS,
Sunil Dogra M.D., DNB MNAMS,

Inderjeet Kaur M.D., MNAMS,

Department of Dermatology, Venereology
& Leprology

Postgraduate Institute of Medical
Education and Research,

Chandigarh, India
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The Relapse Rate in MB Leprosy Patients Treated with

2-Years of WHO-MDT is Not Low1

Robert H. Gelber, Ma. Victoria F. Balagon, and Roland V. Cellona2

ABSTRACT
A group of multibacillary patients is clearly at high risk for relapse following 2-yr WHO-

MDT. Relapse is largely confined to BL or LL patients with a high BI initially, and occurs
long after the discontinuation of therapy. This important group of patients at risk for treat-
ment failure presents several important issues: the need to identify those at risk and the op-
erational requirements needed for their long term follow-up. Also, this group of patients
might well benefit from an alternative antimicrobial regimen from the outset, as well as upon
relapse.

RÉSUMÉ
En conclusion, il y a clairement un groupe de patients multibacillaires présentant un fort

risque de rechute après le traitement polychimiothérapeutique (PCT) de 2 ans qui est recom-
mandé par l’Organisation Mondiale de la Santé (OMS). Ces rechutes sont largement re-
streintes aux patients lépromateux borderline et polaires avec un index bactérien élevé et se
produisent bien après l’arrêt du traitement. Ce groupe important à fort risque d’échec
thérapeutique soulève plusieurs questions sur le besoin d’identifier de façon prospective ces
patients à risque, ainsi que sur les pré-requis opérationnels pour leur suivi à long terme. De
plus, ce groupe de patients du début jusqu’à la rechute pourrait bien gagner à bénéficier d’un
traitement antimicrobien différent du PCT de l’OMS.

RESUMEN
En conclusión, hay claramente un grupo de pacientes multibacilares que tienen un alto

riesgo de recaída al completar la poli-quimioterapia (PQT) de 2 años recomendada por la
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The World Health Organization (WHO)
recently declared that relapse after Multi-
Drug Therapy (MDT) was “low” (44). This
has not been our (3) experience with 2-yr
MDT in multibacillary (MB) leprosy, nor
that of two other groups (17, 24), especially in
those with an initially high bacteriologic in-
dex (BI). We recently reported that in MB
patients followed up by our physician staff
for 12 or more years after the completion of
2-yr MDT (3), 13 (9%) of 142 relapsed both
clinically and bacteriologically, and in those
MB patients with an initial BI of ≥2.7, 13 of
98 patients (13%) relapsed. Since that study
was completed, 4 more relapses in that co-
hort have been confirmed, resulting in a
present relapse rate of 16% (17 relapses in
106 patients). Also, in patients treated with
2 yr WHO-MDT, the Marchoux Study
Group (Mali) (24) reported after a mean fol-
low-up of just 5 yrs that both clinical and
bacteriological relapse occurred in 20%
(7/35) of MB patients, and 39% (7/18) with
a pre-treatment BI ≥4+. Furthermore, in
Agra, India (17), after 2 yr WHO-MDT and
a mean follow-up of 4 yrs, bacteriologic re-
lapse was detected in 7% (20/260) of MB
patients and in 17% (18/107) of those with
a pre-treatment BI greater ≥4+.

There is certainly contradictory data
demonstrating that relapse rates following
2-yr WHO-MDT for MB leprosy is low 
(1, 5, 10, 27, 35, 36, 45). However, these studies are
wanting on several grounds, particularly,
that data was either based on question-
naires, a short duration of follow-up, or a
low percentage of patients with a high bac-
terial burden. A very recent study from Ka-
rigiri, India (31) in smear positive MB pa-
tients followed up for 16.4 ± 1.8 yrs also
showed a low relapse rate (2 of 84; 2%) in
MB patients, but that study admittedly had
features that would prejudice towards that
outcome: only 12% of those patients had an
initial BI ≥3+; approximately half of the

MB patients put on therapy could not be
followed up; these patients had a signifi-
cantly greater percentage of borderline lep-
romatous (BL) and LL patients, and a
higher initial BI; many of these patients had
received prior dapsone monotherapy, and
more than half of the patients received more
than 2 yrs of MDT, being treated until
smear negativity. Nonetheless, in that study,
20% of patients with a BI ≥3+ relapsed.

Cebu relapse experience. In Cebu, our
relapse definition required both new skin le-
sions and increased BI of 2+ in one or more
smear sites than had been found on the last
such evaluation. Our MB relapse experi-
ence after 2-yr WHO-MDT of 22 cases
(some followed in the field) comprises the
largest such group detected to date and the
longest duration of follow-up in patients
with an initially high BI. The experience re-
veals several clinical features.

Characteristics of lesions on relapses.
Relapsed patients commonly present new
lesions of the maculo-papular type and
some localized infiltration on the body and
extremities. Most localized infiltration,
however, arose at old affected areas that
had already subsided. A few plaques and
nodules presented as new lesions. The le-
sions presented by the 22 relapsed patients
are summarized in Table 1.

In all but 1 of our relapses, the BI had
been 0 at 6 smear sites at the examination
prior to relapse detection, indicating that
these are indeed relapsed cases rather than
treatment failures. The BI at the highest re-
lapse site was generally high: 5+ (17), 4+
(3), 3+ (1) and 2+ (1). Also, very frequently,
the earlobes were involved and infiltrated,
with positive smears. Of the 22 relapsed pa-
tients, 12 (54.5%) had involvement of both
earlobes with positive smears. An addi-
tional 5 patients (22.7%) had positive
smears of 1 earlobe only. Involvement of 1
or both earlobes together were found in 17

Organización Mundial de la Salud. La recaída está claramente confinada a los pacientes con
lepra lepromatosa subpolar y lepromatosa polar, con un alto índice bacteriano, y ocurre mu-
cho tiempo después de haber suspendido la terapia. Este importante grupo de pacientes en
riesgo por falla en el tratamiento, requiere mayor atención. Se subraya la necesidad de iden-
tificar a lo pacientes en riesgo y la necesidad de implementar las medidas operacionales
necesarias para su seguimiento a largo plazo. También se señala que este grupo de pacientes
podría beneficiarse de un régimen antimicrobiano alternativo al terminar la PQT, antes de
que ocurra la recaída.
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of the 22 relapsed patients (77.3%). Thus,
in addition to new skin lesions, more than
three quarters of our relapses developed
bacteriologic relapse in one or both ear-
lobes.

Leprosy type and initial BI. All of the 22
relapsed patients were found to be clinically
and histopathologically BL (10) or LL (12),
in equal porportion to that found at the start
of treatment. This implies that the risk of re-
lapse is the same in BL and LL. No relapses
were found in any of the borderline tuber-
culoid (BT) or borderline borderline (BB)
patients followed up by physicians in this
cohort.

Years elapsed after MDT when relapses
occurred. The earliest of all relapses was
detected 6 yrs after the completion of MDT.
We found that the risk of relapse is nearly
twice as much 10 yrs after treatment than
prior to that time. This experience is sum-
marized in Table 2.

Sex and age. The male to female ratio of
the study population of MB patients was
roughly 3:1. Of the 22 relapsed cases, 19
were males and 3 females, or a ratio of
roughly 6:1. Though not statistically signif-
icant (p = 0.13), this suggests that males
may have as much as two times the risk of
relapse compared to females.

The age of the 22 relapsed patients
ranged from 9 to 55 yrs at the start of treat-
ment. We found a more or less equal propor-
tion of relapses in patients initially treated in
the young age group, 9 to 20 yrs old (8),
middle age, 21 to 33 yrs old (7). This sug-
gests that the risk of relapse is the same for
leprosy patients independent of age.

BI after 2-Year WHO-MDT. Of the 22 re-
lapses, 9 patients (roughly 41%) had already
achieved negative smears after the 2-yr
WHO-MDT treatment. This finding indi-

cates that a negative smear after the end of
treatment does not guarantee against future
relapse.

However, all but one of the patients in the
study eventually had negative smears in the
5 yrs after the end of treatment. In other
words, almost all the relapsed patients
passed through a period of negative smears
before relapsing.

Effects of steroids on relapses. Of the 268
MB patients who were treated with the 2-yr
WHO-MDT by the Cebu Skin Clinic (many
with a follow-up of less than 12 yrs), 149
were given steroids because of lepra reac-
tions, while 119 were not.

• Of the 149 given steroids, 9 relapsed
(roughly 6.0%)

• Of the 119 with no steroids, 8 relapsed
(roughly 6.7%)

The risk of relapse therefore appears to be
the same for those given steroids during
treatment and those that were not.

M. leprae sensitivity. The organisms
taken from the biopsies of 16 clinically re-
lapsed patients grew in the groups of mice
not given any anti-leprosy drugs, confirm-
ing their viability and proof of relapse,
while the results of 6 others are still pend-
ing. All of the organisms from the 16 pa-
tients did not grow in the groups of mice

TABLE 1. The lesions presented by the 22 relapsed patients.

a. Macules, papules, localized infiltration Found in 6 relapses
b. Papules, localized infiltration Found in 2 relapses
c. Plagues only Found in 1 relapse
d. Macules, nodules Found in 1 relapse
e. Macules, papules Found in 2 relapses
f. Nodules, localized infiltration Found in 2 relapses
g. Localized infiltration Found in 3 relapses
h. Macules, localized infiltration Found in 3 relapses
i. Erythematous infiltration Found in 2 relapses

TABLE 2. Years elapsed after MDT when
relapses occurred.

Less than 5 years after 
the end of treatment None relapsed

6 to 9 years after 
end of treatment 8 patients relapsed

10 years and above 
after treatment 14 patients relapsed
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given rifampicin in their diets and clofaz-
imine by gastric gavage. Two patients had
organisms that grew in the groups of mice
given the lowest concentration of dapsone
(0.0001%) but not higher concentrations
(“partially resistant”), and 1 patient har-
bored M. leprae that grew in mice fed
0.01% dapsone diet (“fully resistant.”)
These 2 patients are therefore mildly resis-
tant to dapsone. It is noteworthy that Mat-
suoka has found no genetic mutation to-
wards dapsone resistance in any of our 16
relapsed patients (personal communica-
tion). This discrepancy between that analy-
sis and the results in the mouse footpad re-
quires our further study. In any event, MDT
does not appear to result in drug resistant
relapse, nor, in particular, multidrug-
resistant relapse.

IMPLICATIONS
Our relapse experience is particularly

noteworthy in that all of our relapses oc-
curred in BL or LL patients, and all but 1
relapse was found in patients with a pre-
treatment BI ≥2.7 (3). In Mali (24) and in
Agra, India (17), 25 of the 27 relapses (93%)
occurred in patients with a pre-treatment BI
≥4+. In Karigiri, India (31) the two relapsed
patients were among the 12% of those in
that trial with an initial B.I. ≥3+, having a
B.I. of 3.0 and 3.5. Thus, in all four studies
a high initial BI was found to be a signifi-
cant risk factor for subsequent relapse. Un-
til the last decade, skin smears and the im-
portance of precise clinical and pathologic
classification across the leprosy spectrum
were viewed as critical tools for choosing
the appropriate regimen of treatment, as
well as to predict response to therapy and
subsequent reactional states. Today skin
biopsy is practiced in a small minority of
endemic locales, and an even smaller pro-
portion of those where it is done are experi-
enced with the interpretative skills required
for placing a patient in the proper patho-
logic designation. Also, skill at skin smears
has waned to the point that it has been
found inaccurate in most locales, such that
the WHO (46) no longer advocates its use in
classifying patients as MB or PB. This dis-
tinction is now determined simply by
counting the number of skin lesions, MB
being 5 or more and PB being less. Such an
approach is especially wanting and hard to

support insofar as BL leprosy can often pre-
sent with less than 5 skin lesions and at
times but 1. Of utmost relevance to the lost
use of skin biopsies and skin smears is that
without them identification of those MB pa-
tients at high risk for relapse is largely un-
available worldwide.

Another observation from our relapse ex-
perience in the Philippines is that MB re-
lapse occurs long after the discontinuation
of 2-yr WHO-MDT. Of our 22 relapses, the
first was detected 6 yrs after the discontinu-
ation of therapy, and 14 were found 10 or
more years after therapy ended. A similar
experience was reported by Pattyn (32) after
a 6 week intensive quadruple regimen (ri-
fampin, ofloxacin, dapsone, and minocy-
cline), wherein relapses were first detected
at 6 yrs with a doubling in years 8 and 9.
The Marchoux Study Group (24) found that
MB relapse after 2-yr WHO-MDT occurred
at a mean of 6 ± 1.5 yrs after the completion
of therapy, while in Agra, India (17), where
relapses were defined on bacteriologic
grounds about 30% of the time without
concommittant clinical manifestations, the
average time to relapse was 4 yrs. Also in
Agra, relapses were significantly higher in
those MB patients followed up greater than
4 yrs than in those followed up for a lesser
duration (17). Finally, in Karigiri, India, the
two relapses detected were found 14 and 15
yrs after the completion of therapy (31).
These experiences of late relapse following
treatment for MB leprosy are in sharp con-
trast to the experience with short-course
therapy for pulmonary tuberculosis,
wherein 90 of relapses occur within the first
year post-therapy. This has operationally
led to the general policy of follow-up for
patients with active pulmonary tuberculosis
in the United States to be completed 1 yr af-
ter discontinuation of therapy. In any event,
after the completion of WHO-MDT, there is
currently no recommendation for follow-up
at all and certainly not for the decade or
longer needed to detect clinical and bacteri-
ologic relapse (46). Perhaps the dramatically
longer relapse interval in MB leprosy, as
compared to pulmonary tuberculosis, is a re-
flection of the relative doubling time of the
different mycobacteria, i.e., one day for M.
tuberculosis and 14 days for M. leprae. An-
other possible factor is the higher bacterial
load that may need to be attained in leprosy
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prior to the development of signs and symp-
toms.

In many control programs today, once
MDT is concluded for leprosy a patient is
no longer considered a case and follow-up
is not mandated. Thus, relapses in leprosy
are largely left to self-referral and not to ac-
tive and organized interventional follow-up
by the health services. This, coupled with
the long interval between the completion of
MDT and the appearance of relapse, will
likely result in a delay of relapse diagnosis
and an increased rate of relapse morbidity.
This potential is further heightened by our
observations that relapse frequency in the
Philippines was found to be lower (3%)
when patient follow-up was conducted by
even well-trained and experienced leprosy
health workers rather than our physician
staff (3). Worldwide relapse detection is fur-
ther compounded when that diagnosis, is
left to the general health services, which is
now largely becoming the case. Fortu-
nately, in our relapse cases, relapse was not
associated with neurologic deterioration.
Perhaps this salutary result was in part a
function of prolonged, active, annual follow-
up and by trained leprologists. Neither of
these conditions are reasonable expectations
in most endemic locales today, thereby
again increasing thepotential risk of seri-
ously delaying the diagnosis and the further
possibility of increasing the risk of associ-
ated increasing peripheral neuropathy.

The relapse rate we and two other groups
have noted is clearly high and would be
considered unacceptably so in the treatment
of pulmonary tuberculosis, where regimens
which result in relapse rates greater than
5% have been rejected as unacceptable (2).
Though there are no significant data on re-
lapse following the current WHO recom-
mended 1 yr (46) or 6 month MDT trials (43),
there is little doubt that therapy for such
short durations would result in relapse rates
at least as high as 2-yr MDT. These regi-
mens are therefore clearly difficult to sup-
port. Importantly, because the planned fol-
low-up duration of the current WHO 6
month MDT (43) is only 5 yrs, a period
shorter than our earliest relapse following
2-yr MDT, the follow-up in that study re-
quires expansion to at least 15 yrs if mean-
ingful data on relapse rates are to be ob-
tained. Furthermore, we (unpublished) have

found that both Type 1 and Type 2 lepra re-
actions, occur in a significantly larger per-
centage of patients, with greater frequency
and for longer duration following 1-yr
MDT as opposed to 2-yr MDT. This impor-
tant additional morbidity and particularly
its propensity for increased nerve function
impairment provides additional evidence to
reject 1-yr MDT for MB patients.

The issue of whether relapses in leprosy
are due to reactivation of persisting organ-
isms or to reinfection is unresolved to date.
In fact, lepromatous patients regularly har-
bor viable persistent M. leprae following
prolonged chemotherapy, in over half of pa-
tients treated with 10 or more years of dap-
sone (41) or 5 yrs of rifampin (42). In tuber-
culosis the technology to distinguish strain
variability has been available now for sev-
eral years; while the bulk of tuberculosis re-
lapse in the inmunocompenent host has
been established to be due to reactivation,
there is a considerable percentage of re-
lapses in AIDS patients that are, in fact, re-
infection (40). In this regard, it is noteworthy
that while BL patients may gain specific M.
leprae immune-reactivity after effective
chemotherapy, LL patients remain anergic
(6). It is only now in leprosy that genetic
polymorphisms amongst M. leprae strains
have been detected (18, 19, 28, 39), and we cur-
rently examining this issue. If leprosy re-
lapse is, in fact, reactivation, reinfection, or
at times both, data on this issue should be
soon available.

ALTERNATIVES TO 2-YEAR
WHO-MDT FOR MB LEPROSY

Considerations for improving 2-yr WHO-
MDT include: (i) extending the duration of
MDT and/or adding an initial intensive
phase of bactericidal therapy, (ii) the use of
combinations of newer and more bacterici-
dal drugs, and (iii) life-long therapy.

(i) In several locales, the duration of
MDT has been extended and/or combined
with the incorporation of an earlier, more
intensive regimen and with improved re-
lapse rates. In Agra (17), when patients with
a pre-treatment BI of 4+ or greater were
treated with 2-yr WHO-MDT a relapse rate
of 17% was obtained, while when MDT
was extended to smear negativity (on aver-
age 5 yrs) the relapse rate was reduced to
4%. In Malaysia, since 1986 the standard
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regimen for MB leprosy has been initial
hospitalization with daily observed therapy
(including dapsone, clofazimine, rifampin)
for 1 month, followed by WHO-MDT for 5
yrs. On this regimen, no relapses have been
found in several hundred patients (personal
communication, Majid, Azmon). In Bhutan,
where many patients had been on dapsone
monotherapy (some for prolonged times),
patients were hospitalized and given daily
dapsone and rifampin for 1 month, fol-
lowed by dapsone alone for 1 yr. Unfortu-
nately, follow-up of this experience is cur-
rently unavailable. In the early 1990s, the
WHO embarked on a blinded comparative
multi-centered trial of 4 regimens: (i) Daily
rifampin and ofloxacin for one month, (ii)
Regimen 1 followed by standard 1-yr
WHO-MDT, (iii) 1-yr WHO-MDT, and (iv)
2-yr WHO-MDT. In Cebu, several early re-
lapses were observed at one of the trial
sites, particularly with Regimen 1. At least
in Cebu, the 189 patients from that study
have been on active annual follow-up for a
long enough period that meaningful com-
parative relapse rates might become avail-
able. However, the WHO has not chosen to
break the treatment code for late relapses in
this study, making it impossible to deter-
mine the relative efficacy of the four treat-
ment regimens, and it is not supporting the
follow-up.

(ii) To date, only rifampin, dapsone, and
clofazimine, the 3 components of WHO-
MDT, have been utilized to any consider-
able extent to treat leprosy. Of these 3 anti-
microbials, only rifampin has proved
bactericidal in leprosy patients (34, 38). On
the other hand, agents from 3 other classes
of antimicrobials, tetracyclines (minocy-
cline) (7, 11, 14, 25, 26), macrolides (clarith-
romycin) (4, 9, 15, 25, 26), and fluoroquinolones
(pefloxacin and ofloxacin) (8, 20, 21, 22, 30) are
bactericidal for M. leprae both in mice and
leprosy patients. Though the WHO (46) has
advocated single doses of rifampin,
ofloxacin, and minocycline (ROM) for PB
leprosy, and this has appeared effective in
those with single lesions (23), combinations
of these newer agents with rifampin in lep-
rosy patients have not been tested to any
considerable extent, and none with long
term follow-up. Though Pattyn reported his
previously described 4-drug regimen, 20%
of patients relapsed (32). However, in that

trial the duration of therapy was only 6
weeks and the regimen might have proved
superior had it been maintained for a longer
duration.

In the mouse model, there have been few
studies comparing combinations of antimi-
crobials (37). One study (16) found that 2 and
3 drug combinations were generally additive
or synergistic. Studies of regimens in the im-
munosuppressed, neonatally-thymectomized
Lewis rat (NTLR) (12) appeared to be partic-
ularly useful in predicting which combina-
tions might be especially effective in pre-
venting relapse in MB patients. Heavily
infected NTLR were treated with various
antimicrobial combinations and evaluated
for the presence of any persisting viable M.
leprae one year after the completion of ther-
apy by subsequent inoculation of both mice
and NTLR. Several anti-microbial combi-
nations appeared particularly effective, but
only rifampin plus minocycline uniformly
killed all M. leprae. Perhaps this combina-
tion deserves special attention.

(iii) Lifelong therapy for MB leprosy,
principally dapsone monotherapy, was the
norm and was highly successful for most of
the latter half of the 20th Century. On dap-
sone monotherapy skin lesions resolved,
neurologic deterioration ceased, patients
became bacteriological negative and re-
lapse, principally from dapsone-resistance
organisms, was rare (2.5%) (13, 29). Dapsone
monotherapy, moreover, is both inexpen-
sive and has few side-effects, especially af-
ter the first few months of treatment. In cer-
tain locales drug supplies and long-term
compliance are significant issues, but many
patients, especially in the developed world,
are on life-long medication for such things
as diabetes mellitus hypertension, stroke
prevention, hypercholesterolemia, gout, etc.,
wherein single daily doses of medication
are found generally acceptable and ordinar-
ily maintained. Why not consider lifelong
therapy for a subset of MB patients?
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The Report of the 6th World Health Or-
ganization Technical Advisory Group on
Elimination of Leprosy contains much inter-
esting material, and we strongly recommend
that all ILA members and other interested
persons read it carefully (WHO/ CDS/ CPE/
CEE/ 2004.41) (http://www.who.int/lep/).
Section 11, entitled “Validation of diagno-
sis of newly detected cases,” particularly
caught our attention.

This section reports the results of a study
of the accuracy of the diagnosis of leprosy
in clinics in several regions of India. The
study was conducted by having two indi-
viduals with substantial clinical experience
in leprosy review the patients initially eval-
uated by health care workers at the clinics,
to ascertain the accuracy of the original di-
agnosis. The study reports, among other
things, that over 30% of the patients in the
Delhi clinics were “non-existent patients”
because they could not be confirmed to live
at the addresses given, which in some cases
were fictitious addresses. Based on this and
related information, the study concluded
that leprosy was greatly over-diagnosed in
these clinics, and a policy recommendation
is made that such patients should be re-
moved from the leprosy register.

This report and its recommendations are
perplexing. First, what was done was not a
true validation study at all, but the record-
ing of a second (and third) opinion. This
may sometimes be useful, but it is not vali-
dation. A true validation study requires as-
sessment by an independent test or method,
not merely asking an independent observer.
In leprosy, three such independent means of
assessment are readily available: skin
smears, histopathological examination of
biopsies, and application of polymerase
chain reaction (PCR) to detect M. leprae

DNA in appropriate specimens. Each of
these has its own constraints, but when ap-
plied within a proper study design, these in-
dependent means of assessment can provide
validation of the diagnosis within definable
statistical boundaries. (It is notable that the
most basic of these methods, biopsies and
skin smears, are no longer available in
many clinics around the world because the
WHO, now concerned about the accuracy
of the diagnosis, for several years has
strongly recommended eliminating these
tests from the programs.)

Reporting the main findings of the study,
the authors note that: “The proportion of
non-existent cases was high in Delhi
(31.3%). . . Non-existent cases are defined
as patients who were on the list prepared by
the local health facility, but who could not
be found at the given address and whose ex-
istence was unknown to community/ neigh-
bors in the area.” For these patients, then,
there was no opinion or evidence that the
diagnosis was found to be incorrect. Rather,
these are patients for whom the initial
health worker made a diagnosis of leprosy,
but the people could not be found later at
the address given.

Two possible reasons for this finding are
offered: “[1] these were either fictitious
cases or [2] individuals who gave a mis-
leading address.” This first explanation is
favored by the authors of the report, who
have then labelled these individuals as
“non-existent patients.”

If this explanation is correct, i.e., that
these are fictious cases, it implies that
nearly 1/3 of all patients in the Delhi clinics
have spent most of a day uselessly queuing
up in lines in hot, crowded clinics in order
to obtain the diagnosis of leprosy, a diagno-
sis which brings them no gain but, rather,
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may consign them to lifelong stigma, os-
tracism, family rejection, and reduced em-
ployment and earning ability. Most of these
people depend on each day’s earnings to
provide food for themselves and their fami-
lies for that day. While it is possible that
one or two deranged individuals may waste
their days in clinics pretending to have lep-
rosy, it is clearly illogical to conclude that
nearly 1/3 of the patients in the Delhi clin-
ics do so. Yet this report implies that this is
the most likely explanation and then gives
them the pejorative label of “non-existent
patients.” Finally, based on this conclusion,
one of the main recommendations in the
next section (11.2), is that: “Non-existent
patients should be removed from the leprosy
register.”

In contrast, the second explanation (i.e.,
individuals gave misleading addresses) is a
phenomenon well-known to all leprosy
control programs: individuals move to an-
other city, another region, or even another
country when they suspect the diagnosis, to
avoid the possibility that friends or family
will learn that they have leprosy. It is ludi-
crous to suggest that 1/3 of patients are
“faking” leprosy, while it is obvious that
these individuals are concealing the diagno-
sis from their own communities. These,
then, are not “non-existent patients” but
non-existent addresses for real patients
needing medical care. This also indicates
that there is much more work to be done,
not less, in finding and treating those pa-
tients who gave fictitious addresses. If 1/3
of the patients are evading follow-up, it is
highly likely that a substantial number of
them are capable of transmitting the disease
to their close contacts. Rather than expend
energy on the avoidance of over-treatment,
more energy must be expended in deliver-
ing appropriate treatment.

What can be done to avoid such over-
interpretation of information and formula-
tion of premature recommendations? One
suggestion is that more caution be exercised
in accepting evidence put forward, and in
drawing conclusions from that evidence.
This is one area in which medical and sci-
entific journals can play a valuable role.

Everyone who has submitted a research
report to the JOURNAL, or to any other peer-
reviewed journal, is familiar with the rigor-
ous process of review, requests to revise

and re-submit a paper to make it clearer, to
improve its statistical treatment of the data,
and to avoid over-interpretation of results
and over-reaching for conclusions. In spite
of its flaws, this process is regarded by the
worldwide medical and scientific commu-
nity as a necessary step in the larger process
of ensuring that new treatments or treat-
ment policies are based on sound evidence
and that their implementation is ethical.
Clearly, recommendations for treatment of
leprosy should be given no less care and
consideration.

An example of such an approach is the
comprehensive set of recommendations
based on careful examination of the evi-
dence concerning diagnosis, chemotherapy,
and epidemiology of leprosy, contained in
the Report of the ILA Technical Forum (2).
The evidence presented in that report was
discussed in many of the symposia and
workshops of the 16th International Lep-
rosy Congress, and after a spirited debate
over several aspects of the recommenda-
tions, the ILA General Assembly passed a
Resolution calling on “all stakeholders (in-
cluding national governments, international
organizations and non-governmental organ-
izations) to review their recommendations
in the light of this report” (emphasis mine)
(1). This careful, measured approach still
seems the wiser path.

The accurate diagnosis and classification
of leprosy has always been essential in the
delivery of the best care to individual pa-
tients and in formulating the best health
policy in individual countries. In a previous
issue we addressed concerns over the inad-
equacies of some classification schemes for
research studies (3). We now agree with the
goal of the validation study described in the
6th WHO TAG report, and hope that a more
careful study can be performed to address
the important issues raised.

In the meantime, we hope that Ministries
of Health around the world, and their lep-
rosy control officers, will not be too eager
to accept the Report’s premature recom-
mendations related to those patients who
are not easily located. It would be most un-
fortunate to adopt policies to disregard
these patients, both because the patients and
their contacts are not well served by such a
policy, and because the resulting numbers
in the registry may then seriously under-
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estimate the true extent of the disease. Cer-
tainly we should not condone the addition
of any more pejorative labels such as “non-
existent patients” to describe the worried,
wary individuals whose trust the leprosy
control workers must gain in order to give
them the best medical care.

—DMS
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Prof. Luiz Marino Bechelli attended
medical school at University of São Paulo
where he graduated in 1933. In 1957, he
was invited to organize the Department of
Dermatology of the new School of Medi-
cine at Ribeirão Preto – University of São
Paulo. He then decided to abandon his pri-
vate practice and devote his life to derma-
tology, both as a teacher and a researcher. In
order to improve his knowledge, he became
a post-graduate fellow at the New York
Skin and Cancer Center at Columbia Uni-
versity, the Western Reserve University in
Cleveland and visited many institutions
such as the Hôpital St. Louis (Paris-
France). While a Professor at the University
of São Paulo, one of his outstanding contri-
butions was the publication of a compre-
hensive Textbook of Dermatology in 1960,
which had its 6th edition in 1988.

Prof. Bechelli joined leprosy work at the
Department of Leprosy of São Paulo as a
trainee and later became Chief of Epidemi-
ology. Intense activity as a researcher and
as a practioner lead to the publication of
more than 300 papers in this field. Together
with Dr. Abrahão Rotberg, he published the
well known Brazilian Treatise on Leprosy
and the Compedium of Leprology. He also
served as Chief of the Leprosy Unit of the
World Health Organization in Geneva from
December 1961 to June, 1972.

His services to the cause of leprosy and
dermatology has granted him membership
in many international societies such as As-
sociation des Léprologues de langue
Française, Sociedade de Dermatologia y
Sifiligrafia, Sociedade Cubana de Derma-
tologia y Sifiligrafia, Sociedade Brasileira
de Hansenologia, Société de Pathologie Ex-
otique, Sociedade Argentina de Dermatolo-
gia, Colégio Ibero-Latino-Americano de
Dermatologia, and Sociedade Brasileira de
Dermatologia. He also acted as a contribut-
ing editor to the the INTERNATIONAL JOUR-
NAL OF LEPROSY.

After his compulsory retirement from the
School of Medicine at U.S.P., he worked
for more 14 yrs without payment, explain-
ing: “I worked free of charge in order to
compensate the University for the period I
dedicated to WHO.”

Prof. Bechelli was a noble example of
life and dedication to patients, friends, and
colleagues, and he will always be remem-
bered.

—Norma T. Foss, M.D.

President,
Brazilian Society of Hansenology

—Marcos Virmond, M.D.

ILA Vice-President for the Americas

OBITUARY 
PROF. LUIZ MARINO BECHELLI

1912–2004
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Notice. Wellesley Bailey Awards for
Courage and Achievement. The Wellesley
Bailey awards are unique. In June 2005,
two remarkable people who have had lep-
rosy and faced significant challenges from
the disease, will be presented with the
fourth Wellesley Bailey Award. There is no
other international award which acknowl-
edges the accomplishments of those who
have been affected by leprosy.

Created in 1999 to celebrate the life and
work of Mr. Wellesley Bailey, founder of
The Leprosy Mission, the Wellesley Bailey
awards honour those who have made ex-
traordinary contributions to society through
overcoming the social stigma and physical
challenges of leprosy.

A former recipient of the awards said
“Leprosy is a ruthless thief, which first,
turns off all the lights before you notice that
there is an intruder. Then in the total black-
out it viciously created, it robs you of every
single irreplaceable treasure you possess.”

The recipients will have been active
members in their community for at least
five yrs and will be champions for the cause
of leprosy through their achievements.

Each Award includes a prize of £1000
and a presentation plaque. The recipients
will be invited to travel to Dublin, with a
supporter of their choice, to receive the
Award at an awards ceremony in the first
week of June 2005.

Nominations for the 4th Wellesley Bai-
ley awards. These unique international
awards acknowledge the accomplishments
of those who have made extraordinary con-

tributions to society despite the challenges
of leprosy.

Recipients must have personally experi-
enced leprosy, will have been active mem-
bers of their community for at least five years
and champions for the cause of leprosy.

Each award includes a prize of £1000 and a
presentation plaque. The recipient will be in-
vited to travel to Dublin for a special awards
ceremony in the first week of June 2005.

Nominations must be submitted on the offi-
cial form available from Glynis Forbes. The
deadline for nominations is 10 January 2005.

Notice. U.N. Sub-Commission on Hu-
man Rights Resolves to Study Leprosy
and Human Rights.

The following excerpt is from a press re-
lease from the Nippon Foundation, dated Aug.
16, 2004, forwarded to the JOURNAL by Dr. P.
K. Gopal, President, IDEA International.

August 9, Geneva—Today, at the Euro-
pean Headquarters of the United Nations,
the 56th Sub-Commission on Human
Rights reached a consensus to take up the
question of human rights violations visited
upon leprosy patients, cured people and
their families.

The sub-commission adopted a formal
resolution to study the issue. Under the aus-
pices of this resolution, members of the com-
mission will conduct an investigation and
produce a working paper on leprosy and hu-
man rights. This paper will then be presented
at the 57th meeting of the sub-commission.

NEWS and NOTES
This department furnishes information concerning institutions, organizations, and

individuals engaged in work on leprosy and other mycobacterial diseases, and makes note
of scientific meetings and other matters of interest.

Calendar of Meetings and Events

Day mm/yy Location Details Contact e-mail

31–3 Jan/Feb-05 Eskom Convention African Leprosy Congress Dr. S. K. Noordeen noordeen@eth.net

Centre, Midrand, www.wits.ac.za/leprosy

South Africa

4–6 Feb-05 Robben Island, “Stigma, Identity and Human Jo Robertson jo.robertson@history-of-medicine.oxford.ac.uk

South Africa Rights. The Experience of or Anwei Law alaw@idealeprosydignity.org

Leprosy in the Context of

HIV/AIDS”

5     Nov-05 Joao Pessoa 10th Brazilian Congress of Francisca Estrela

Hansenology
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There are roughly 500,000 leprosy pa-
tients and 20 million former patients around
the world. When family members are taken
into account, over 100 million people are suf-
fering from the needless discrimination re-
lated to leprosy. Leprosy is incorrectly
thought by many to be hereditary or a super-
natural punishment, and is thus greatly feared.
However, with multi-drug therapy, this “in-
curable disease” has become completely
curable. In spite of this fact, individuals af-
fected by the disease must still suffer dis-
crimination that limits their ability to study,
marry or find work. Even after death, fami-
lies often face lasting social discrimination.

The full text of the resolusion follows:

COMMISSION ON HUMAN RIGHTS
Sub-Commission on the Promotion and
Protection of Human Rights

Fifty-sixth session
Agenda item 5

PREVENTION OF DISCRIMINATION
Draft resolution 2004/
Discrimination against leprosy victims
and their families
The Sub-Commission on the Promotion and
Protection of Human Rights,

Recalling article 1 of the Universal Dec-
laration of Human Rights, which stipulates
that all human beings are born free and
equal in dignity and rights, Recalling also
article 2 of the Universal Declaration,
which provides that everyone is entitled to
all the rights and freedoms set forth therein
without distinction of any kind, such as
race, color, sex, language, religion, political
or other opinion, national or social origin,
property, birth or other status, Recalling
further article 5 of the Universal Declara-
tion, which provides that no one shall be
subjected to torture or to cruel, inhuman or
degrading treatment or punishment, Con-
cerned that millions of people suffer from
discrimination resulting from physical and
mental illness or handicap, Concerned in
particular that tens of millions of people
suffer not only from leprosy as a disease,
which is scientifically and medically proven
to be curable and manageable, but also
from political, legal, economic or social
discrimination and isolation as a result of
misunderstanding and indifference, and
lack of legislative or administrative mea-

sures to prohibit such discrimination and to
protect and remedy the victims, Requests
Mr. Yozo Yokota to prepare, without finan-
cial implications, a preliminary working
paper on discrimination against leprosy
victims and their families, to be submitted
to the fifty-seventh session of the Sub-
Commission under the agenda item entitled
“Prevention of discrimination and protec-
tion of minorities.”

Notice. The First Libyan Dermatology
and Venereology Society Congress

Benghazi-Libya 23–25 July 2004.
The Libyan Dermatology and Venereol-

ogy Society is honored with the participa-
tion of the international experts (from
U.S.A., U.K., France, Malta, Tunis, Egypt,
Syria, and Yemen), Libyan dermatologists
and doctors from related specialities who
gathered at the first Libyan Dermatology
and Venereology Society Congress held at
Tibesti hotel, Benghazi from the 23rd to
25th of July 2004. The theme of the Con-
gress was “For healthy skin free from dis-
eases.” Congress president and Organizing
Committee Chairman was Dr. Gamal A.
Duweb, M.D. Scientific Committee Chair-
man was Dr. Mohamed Benghazil, M.D.

The scientific program included a variety
of learning styles such as plenary lectures,
free communications, case presentations, a
and poster session, covering most of the
common dermatological diseases including
leprosy, leishmanaisis, mycotic infections,
psoriasis, acne, vitiligo, eczema and gena-
dermatosis.

During the leprosy session, Professor W.
Cains Smith talked about recent advances
in prevalence and treatment of leprosy and
its complications; he pointed out that since
1985, the global prevalence of leprosy has
fallen by almost 90% and more than 13 mil-
lion have been cured, which has been
achieved by the implementation of inten-
sive courses of multi-drug therapy (MDT).
Also, the number of new cases detected has
remained static at around 700.000/yr.

Professor Paul Fine, in his lecture on the
elimination of leprosy: Progress and prob-
lems, clarified that programs emphasize the
prevalence data and changes in case finding
methods and in treatment regimens, making
assessment of trends difficult. Fine also
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mentioned that the natural history of Myco-
bacterium leprae infection and the leprosy
disease are still poorly understood, but it is
evident that infection and disease will re-
main a problem in local populations in sev-
eral parts of the world for the feasible future.

Professor Yassin Alqubati discussed the
social effects of leprosy stigma among Arab

countries, and the importance of community
health education in treating leprosy patients.

During the free communications and
poster session, local data analysis of 92 pa-
tients registered at a leprosy clinic in Beng-
hazi was presented and showed that lepro-
matous leprosy (LL) was the most common
clinical type; LL patients were 64% of
thetotal, and 89.1% of those had completed
MDT treatment courses.

Discussion with the experts concluded
that the number of new cases is low. The
difficulties of leposy and contactant tracing
was discussed in detail, as was the regular
screening of the new cases and their fami-
lies. Possibly recommending regular screen-
ing for the contactant of registered cases
was also discussed.

Notice. African Leprosy Congress. A
conference entitled “Stigma, Identity and
Human Rights. The Experience of Leprosy

FIG. 1. Closing ceremony. Right: Prof. Gamal A. Duweb, Congress President. Left: Prof. Awad Abudajaja,
Vice President of the Libyan Board of Medical Specialties.

FIG. 2. Leprosy Session Chairpersons. Right to
left: Prof. Paul Fine, Prof. Yassin Alqubati, Prof. W.
Cains Smith.



in the Context of HIV/AIDS” will be held
on Robben Island, South Africa, from Feb.
4–6, 2005. For information on the confer-
ence and how to register, please contact Jo
Robertson, jo.robertson@history-of-medi-
cine.oxford.ac.uk or Anwei Law,
alaw@idealeprosydignity.org

Notice. from Brazil,
Brazilian Seminar on Hansen’s Dis-

ease. The Brazilian Society of Hansenology
held its second national seminar on July
23–24, 2004 in Ribeirão Preto. The meeting
was attended by participants of a ample ar-
ray of representative of health workers from
Brazil, including physical therapists, psy-
chologists and social workers. The presi-
dent of the Brazilian Society of Hansenol-
ogy, Prof. Norma T. Foss, was in charge of
the organizing committee and conducted the
opening and closing sessions. Invited guest
speaker was Dr. P. K. Das from the Amster-
dam Medical Center, The Netherlands.

10th Brazilian Congress of Hansenol-
ogy. The Brazilian Society of Hansenology
will to hold its 10th Congress next Novem-
ber, 2005 in João Pessoa, Paraiba State. The
local organizing committee is headed by Dr.
Francisca Estrela . The last national Congress
was held together with the 16th ILA Con-
gress in Salvador, August 2002. Many topics
are planned for discussion in this meeting, in-
cluding the achievements of the efforts to-
wards elimination of leprosy in Brazil.

Brazilian National Leprosy Control
Program under new leadership.

Dr. Rosa Castalia França Ribeiro Soares
has been appointed as the new head of the
leprosy control program in Brazil. Dr. Soares
is a specialist in public health and has
worked for many years in the immunization
program in Brazil. She has also had consid-
erable experience in leprosy while chief of
the control program in the State of Bahia. Dr.
Soares is now leading a new program in the
Ministry of Health—the National Program
of Elimination of Leprosy—the main goal of
which is to achieve elimination of leprosy by
improving and expanding diagnosis, treat-
ment and follow-up of cases in the basic
health system network. Integration and part-
nership with other organizations has been
identified as essential to achieve the goal of

elimination and in this regard many part-
ners have joined the Program such as ILEP,
Children Pastoral, MORHAN, and CON-
SASEMES, among others.

Notice. New AIFO Website.
http://www.aifo.it/english/index.htm

Among the new additions to this web-
page are the following:

1. A page on PHM in Italy and informa-
tion about PHA-II in Cuenca next year.
This page includes links to women’s access
to health and million signature campaigns.

2. Online books, documents and reports
related to leprosy, disability, primary health
care, etc.

3. Some online learning courses on lep-
rosy and tropical diseases.

4. Online exhibitions—at present there is
just one exhibition (on Angola) but hope-
fully new ones will be added soon.

—Dr. Sunil Deepak

AIFO, Italy

Notice. from India,
Schieffelin Leprosy Research and

Training Centre Golden Jubilee.
As a part of its 50th anniversary celebra-

tions, SLR&TC, Karigiri, India, hosted a
Scientific Workshop entitled, “Leprosy Re-
search: Challenges of the Decade,” from
August 16–18, 2004, at Karigiri. The Work-
shop was hosted by Dr. V. P. Macaden, Vice
Chairman of the Centre’s Board of Gover-
nors. Dr. Margaret Brand was the featured
guest and keynote speaker, and other digni-
taries in attendance included Dr. N. K. Gan-
guly, Directory General, ICMR, and Dr. S.
Habayeb, WHO Representative to India. The
workshops included state of the art presenta-
tions on both basic and clinical aspects of lep-
rosy, and discussion groups composed of
physicians and scientists attending from In-
dia, Nepal, the Netherlands, the U.K., Kenya,
Brazil, and the United States. The partici-
pants worked in small groups to develop re-
search proposals, and were encouraged to
continue to collaborate in the development
of these proposals so that the research proj-
ects may be initiated in the near future.
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Anonymous. A Romanist View of the Fish-
Eating Leprosy Theory. Archives A Cen-
tury Ago. Arch. Dermatol. 140 (2004)
789.

Even in an age of masterful clinicians, Sir
Jonathan Hutchinson was exceptional. In
addition to his clinical work, Sir Jonathan
was a prolific writer serving as editor for a
time of the British Medical Journal . . . and,
most incredibly, from 1889–1900 single-
handedly writing every article in his 1-man
journal, the Archives of Clinical Surgery. Sir
Jonathan was a medical polymath, an expert
in ophthalmology, neurology, pathology,
surgery, and dermatology. It is in syphilol-
ogy where his eponymous fame is most en-
during . . . having seen over 1 million cases
(1) of syphilis. . .

Unfortunately appended to his illustrious
career will always be the enduring embar-
rassment of his idée fixe—that leprosy is
caused by eating rotten fish. Notwithstand-
ing the questionable geography or the less-
than-obvious logical dietary leap, for the
rest of his life Hutchinson espoused his doc-
trine despite universal rejection by contem-

porary leprologists. Even the discovery of
the leprosy bacillus by his good friend Ger-
hard Hansen in 1874 couldn’t dissuade
Hutchinson. Hutchinson was mildly non-
plused when no one could discover [the
bacillus] in any fish. . . Hutchinson con-
fessed that one reason he never sought to ex-
perimentally test his theory was “the assured
conviction that the general facts were over-
whelmingly conclusive and that they needed
only to be clearly set forth.” Indeed the only
reason Hutchinson’s theory gained any cir-
culation at all, if never actual acceptance,
was because of his otherwise impeccable
reputation.—[Condensed from the essay.
DMS] Archives of Dermatology

Al Samie, A. R., and Al Qubati, Y. Leprosy
control in the Republic of Yemen: co-
operation between government and non-
government organizations, 1989–2003.
Lepr. Rev. 75(2) (2004) 164–170.

Although the prevalence rate of leprosy in
the Republic of Yemen has dropped below
the WHO elimination level of less than one
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case per 10,000 of the population, it is still
regarded as a serious public health problem
calling for continued vigilance, notably in
the detection and treatment of hidden and
undiagnosed cases. In the past, religious
misinterpretation has generated adverse be-
haviour patterns towards people affected by
leprosy, characterized by aggression, negli-
gence and isolation. Until about 1982, fol-
lowing a visit of a leprologist (Dr. S. K.
Noordeen) from the World Health Organi-
zation, there was no leprosy control program
and attempts to establish one remained inef-
fective until in 1989, when an agreement
was signed between the Ministry of Public
Health and Population and the German Lep-
rosy Relief Association. This led to the de-
velopment of a leprosy control program in
four governorates, later extended to the rest
of the country. This paper describes the
progress made in the control of leprosy in
the Yemen, 1989–2003, by the Ministry of
Health and Population and the GLRA, in as-
sociation with two local societies.—Au-
thors’Abstract

Donoghue, H. D., Spigelman, M., Green-
blatt, C. L., Lev-Maor, G., Bar-Gal, G.
K., Matheson, C., Vernon, K., Nerlich,
A. G., and Zink, A. R. Tuberculosis:
from prehistory to Robert Koch, as re-
vealed by ancient DNA. Lancet Infect.
Dis. 4(9) (2004) 584–592.

During the past 10 years palaeomicrobi-
ology, a new scientific discipline, has devel-
oped. The study of ancient pathogens by di-
rect detection of their DNA has answered
several historical questions and shown
changes to pathogens over time. However,
ancient DNA (aDNA) continues to be con-
troversial and great care is needed to provide
valid data. Here we review the most suc-
cessful application of the technology, which
is the study of tuberculosis. This has pro-
vided direct support for the current theory of
Mycobacterium tuberculosis evolution, and
suggests areas of investigation for the inter-
action of M. tuberculosis with its host.—Au-
thors’Abstract

Hughes, M. S., James, G., Taylor, M. J.,
McCarroll, J., Neill, S. D., Chen, S. C.,

Mitchell, D. H., Love, D. N., and Malik,
R. PCR studies of feline leprosy cases. J.
Feline Med. Surg. 6(4) (2004) 235–243.

16S rRNA gene sequence analysis pro-
vided evidence for two different mycobac-
terial species, Mycobacterium leprae-
murium and a potentially novel species, as
causative agents of “feline leprosy.” Com-
parison of 16S rRNA gene sequence data
obtained for M. lepraemurium and the po-
tentially novel species indicated 12 nu-
cleotide differences over a 446 bp region en-
compassing the V2 and V3 hypervariable
regions. From available 16S rRNA gene se-
quence data, M. lepraemurium shared great-
est nucleotide identity with M. avium subsp.
paratuberculosis and M. avium. The novel
species had a long helix 18 in the V3 region
and shared greatest nucleotide identity with
M. leprae, M. haemophilum and M. mal-
moense. The novel species had an additional
‘A’ nucleotide at position 105 of the aligned
16S rRNA gene sequence, the only other
mycobacterial database sequence having
this same extra nucleotide being M. leprae.
This nucleotide variation was exploited to de-
velop specific PCR assays for the two species.
These were found to be effective and specific
when tested against a panel of mycobacteria
including species found in feline leprosy le-
sions and closely related mycobacteria and
also when applied directly to formalin-fixed,
paraffin-embedded tissues from feline lep-
rosy cases.—Authors’Abstract

Jianping, S., Wenzhong, L., Meiwen, Y.,
Jun, Y., Longchao, Z., Rongmao, W.,
Lufang, H., Hongjiang, M., Fuchang,
Y., Xinguo, H., and Liangde, P. Analy-
sis on the detection of new leprosy cases
before, during and after the year of lep-
rosy elimination campaigns. Lepr. Rev.
75(2) (2004) 157–163.

To analyze the impact on of case finding
of leprosy elimination campaigns (LECs),
data on newly detected leprosy cases in a
leprosy endemic area were collected before,
during and after the year of LEC. The num-
ber of new leprosy cases detected during the
year of LEC was significantly higher than
previously. The number of newly detected
cases after the year of LEC was similar to
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that of detected before the year of LEC in
counties with persisting case finding activi-
ties. However, the number of newly detected
cases after the year of LEC significantly de-
creased in counties without active case find-
ing activities. The average distance from the
homes of leprosy cases detected during LEC
to the leprosy control unit at the count town
was 62.8 km, which is farther than that of
other leprosy cases detected before and after
the year of LEC. The average time from dis-
ease onset to diagnosis of leprosy cases de-
tected after the year of LEC shortened. The
results also showed that carrying out LECs
is unlikely to have a significant impact on
the trend of case finding within a short time
in local areas, but it may improve some in-
dicators of leprosy patients and so promote
leprosy control in local areas.—Authors’
Abstract

Karthikeyan, K., and Thappa D. M. Mod-
ular teaching program on leprosy. Indian
J. Lepr. 75(4) (2003) 317–325.

Though repeated attention has been
drawn to a lack of proper teaching-learning
modules in leprosy endemic countries, no
satisfactory module exists. Keeping in view
this fact, we attempted to draft a suitable
module on leprosy that could be used to
teach leprosy to undergraduate medical stu-
dents in a simple and comprehensive man-
ner. We used two different modules, Module
A and Module B, to teach two different
batches of students of the pre-final year (VI
and VII semesters) of the MBBS course.
Both these modules were conducted by the
Department of Dermatology and STD, with
participation by the Departments of Micro-
biology, Pathology and Preventive and So-
cial Medicine. The drafts of the modules
were discussed before hand in the Depart-
ment, keeping in mind the number of days
allotted to us. Both the modules were dif-
ferent in certain aspects, but the basic con-
cept was the same. Because Module A had
more time, certain practical aspects were
also discussed. It was interesting to note that
the percentage of increase in the post-test
score was 17 for Module A and 15 for Mod-
ule B, thus proving that both the modules
were effective in conveying the core mes-
sage about leprosy.—Authors’Abstract

Meima, A., Smith, W. C., van Oort-
marssen, G. J., Richardus, J. H., and
Habbema, J. D. The future incidence of
leprosy: a scenario analysis. Bull. World
Health Organ. 82(5) (2004) 373–380.

OBJECTIVE: To investigate the impact
of the current strategy for the elimination of
leprosy on its incidence and to assess the
consequences of failure to sustain this
strategy. METHODS: Scenarios for assess-
ing the impact of the elimination strategy
were implemented in a computer simulation
program. The scenarios reflected the as-
sumptions made regarding contagiousness,
transmission and bacille Calmette-Guerin
(BCG) vaccination. The trend in case detec-
tion rate for the main countries in which lep-
rosy was endemic during 1985–1998 was
fitted, and incidence up to 2020 was pro-
jected. FINDINGS: Owing to the gradual
shortening of delays in detection up to 1998,
and because of the low relapse rate that oc-
curs with multidrug treatment MDT, inci-
dence is predicted to decrease beyond 2000
in all scenarios. The annual decline was a
few per cent higher when favourable as-
sumptions were made about protection and
coverage of BCG vaccination. Overall, the
predicted annual decline in incidences
ranged from 2% to 12%. CONCLUSION:
The elimination strategy reduces transmis-
sion, but the decline may be slow. Relax-
ation of control after 2005 is unjustified
given the uncertainty about the rate of de-
cline and the adverse effects of longer de-
lays in detection. A long-term strategy for
leprosy control should be adopted.—Au-
thors’Abstract

Rao, T. P., Krishnamurthy, P., Vijayaku-
maran, P., Mishra, R. K., and Samy, M.
S. “Instant” new leprosy case-detection:
an experience in Bihar State in India. In-
dian J. Lepr. 75(1) (2003) 9–15.

The National Leprosy Eradication Pro-
gramme (NLEP) is based on survey, educa-
tion and treatment, including coverage of all
the registered cases with multi-drug therapy
(MDT). The Government of India intro-
duced MDT in all leprosy endemic districts
through a vertical set-up, and through mo-
bile leprosy treatment units in low endemic
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districts. Anti-leprosy work has not been
uniform in all the states and needed push-
start in some, such as Bihar. There have
been spurts of leprosy elimination activities
and the entire populations of the regions
have not been covered because of various
administrative reasons and logistic prob-
lems. In Singhbhum district of Bihar, a suc-
cessful attempt was made to cover the max-
imum population by campaign approach.
The strategy was to involve all the field
workers of the leprosy program in the dis-
trict, supported by a small group of experi-
enced personnel. The campaign, lasting for
39 working days, resulted in detecting lep-
rosy cases equivalent to 64% of cases de-
tected during the previous one full year. The
entire operation helped the local staff to gain
experience that would be useful for the fu-
ture of the NLEP, and also provide an in-
sight into working practices. Similar cam-
paign approach can be used in situations
where case-detection activities are feeble
and the implementation of MDT is slow. If
such campaigns are repeated at appropriate
intervals, it will be a great support to achiev-
ing the goal of leprosy elimination.—Au-
thors’Abstract

Subramanian, M., Showkath Ali, M. K.,
Thorat, D. M., Muthukumar, M.,
Sathiskumar, E., Ramadoss, C., and
Ali Khan, M. Leprosy situation in en-
demic states of India and prospects of
elimination of the disease. Indian J. Lepr.
75(4) (2003) 335–345.

In India there is a dramatic fall in the
prevalence rate (PR) of leprosy, but the new
case-detection rate (NCDR) has not been re-
duced concomitantly. It is the operational ef-
ficiency of the National Leprosy Eradication
Programme (NLEP) that has led to a signif-
icant reduction in the NCDR in Andhra
Pradesh and Tamil Nadu. The ratio of PR to
NCDR has been declining in these two
states and it reveals that elimination could
be reached even with the high NCDR level
of 3 to 4 per 10,000 population, particularly
if single skin lesion (SSL) cases are dis-
charged through single dose treatment of ri-
fampicin, ofloxacin and minocycline (ROM).
On the other hand, the significant number of
cases detected in Bihar and Orissa during

modified leprosy elimination campaigns
(MLECs) reveals that there are lacunae in
operational activities in new case-detection
resulting in a large number of undetected
cases in the community. Only one-third of
the cases are reporting voluntarily. Aware-
ness of leprosy is not adequate to motivate
the patients to report voluntarily and com-
plete their treatment, thus underscoring the
need for relying on active case-detection so
that transmission can be broken and elimi-
nation of leprosy achieved. In addition, the
influence of socio-economic factors on con-
tinued occurrence of leprosy cannot be ruled
out. The establishment of a sentinel surveil-
lance system along with a computerized
simplified information system to gain in-
depth knowledge on the functioning of the
NLEP will ensure operational efficiency. In
view of this situation, the NLEP should
adopt a more realistic approach towards
reaching the elimination goal.—Authors’
Abstract

Visschedijk, J., Engelhard, A., Lever, P.,
de faria Grossi, M. A., and Feenstra, P.
Leprosy control strategies and the inte-
gration of health services: an interna-
tional perspective. Cad. Saúde Pública
19(6) (2003) 1567–1581.

Abstract. Integration of leprosy services
into the general health services is regarded
as the core strategy to ensure that leprosy
control remains cost-effective and equitable,
and, thus, sustainable in the coming years.
In this article an extensive review is pre-
sented of the integration of leprosy services
into the general health services. After the ra-
tionale of integration is discussed, the arti-
cle highlights several recent developments
within leprosy control and the health sector
that are in support of the integration process.
An overview is presented of recent experi-
ences in countries that have already em-
barked on the integration process. Based on
these experiences important lessons can be
learned and incorporated into a model for
the process of integration. This model,
which is presented at the end of the article,
will assist countries to successfully integrate
leprosy services into the general health ser-
vices.—Cadernos de Saúde Pública
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Bermudez, L. E., Kolonoski, P., Seitz, L.
E., Petrofsky, M., Reynolds, R., Wu, M.,
and Young, L. S. SRI-286, a thiosemicar-
bazole, in combination with mefloquine
and moxifloxacin for treatment of murine
Mycobacterium avium complex disease.
Antimicrob. Agents Chemother. 48(9)
(2004) 3556–3558.

Treatment of Mycobacterium avium dis-
ease remains challenging when macrolide
resistance develops. We infected C57 beige
mice and treated them with mefloquine,
SRI-286, and moxifloxacin. SRI-286 (80
mg/kg) was bactericidal in the liver. Meflo-
quine plus moxifloxacin or mefloquine plus
SRI-286 were better than mefloquine
alone.—Authors’Abstract

de Savary, N., Lee, R., and Vaidya, B. Severe
hypothyroidism after thalidomide treatment.
J. Roy. Soc. Med. 97 (2004) 443–445.

An important but little recognized side-
effect of thalidomide is hypothyroidism.

Three cases of thalidomide-induced hy-
pothyroidism were reported during the early
1960s. In 2002, Badros and colleagues re-
ported a patient who developed severe hy-
pothyroidism about three months after start-
ing thalidomide for multiple myeloma.
Furthermore, they found that 14% of patients
on thalidomide treatment were subclinically
hypothyroid (TSH >10 µ/L) at three months,
and suggested that thyroid dysfunction might
contribute to some of the known side-effects
of the drug, such as fatigue, constipation and
bradycardia.—[Abstracted from text] Jour-
nal of the Royal Society of Medicine

Douglas, J. T., Cellona, R. V., Fajardo, T.
T. Jr., Abalos, R. M., Balagon, M. V.,
and Klatser, P. R. Prospective study of
serological conversion as a risk factor for
development of leprosy among house-
hold contacts. Clin. Diagn. Lab. Im-
munol. 11(5) (2004) 897–900.

See Current Literature, Epidemiology and
Prevention, p. 556.

Fernandez-Martinez, E., Morales-Rios,
M. S., Perez-Alvarez, V., and Muriel, P.
Immunomodulatory effects of thalido-
mide analogs on LPS-induced plasma and
hepatic cytokines in the rat. Biochem.
Pharmacol. 68(7) (2004) 1321–1329.

Thalidomide has shown to inhibit, selec-
tively and mainly the cytokine tumor necro-
sis factor-alpha (TNF-alpha), thus, thalido-
mide has inhibitory consequences on other
cytokines; this is ascribed as an im-
munomodulatory effect. Novel thalidomide
analogs are reported with immunomodula-
tory activity. The aim of this work was to
synthesize some of these analogs and to as-
sess them as immunomodulatory agents in
an acute model of LPS-induced septic chal-
lenge in rat. Animal groups received orally
twice a day vehicle carboxymethylcellulose
(0.9%), or thalidomide in suspension (100
mg/kg), or analogs in an equimolar dose.
Two hours after last dose, rats were injected
with saline (NaCl, 0.9%, i.p.) or LPS (5
mg/kg, i.p.). Groups were sacrificed 2 hr
after injection and samples of blood and liver
were obtained. TNF-alpha, interleukin-6, 
-1beta, and -10 (IL-6, IL-1beta, IL-10) were
quantified by enzyme linked immunosorbent
assay (ELISA) and studied in plasma and
liver. After 2 hr of LPS-induction, different
patterns of measured cytokines were ob-
served with thalidomide analogs adminis-
tration evidencing their immunomodulatory
effects. Interestingly, some analogs de-
creased significantly plasma and hepatic
levels of LPS-induced proinflammatory
TNF-alpha and others increased plasma
concentration of anti-inflammatory IL-10.
Thalidomide analogs also showed slight ef-
fects on the remaining proinflammatory cy-
tokines. Differences among immunomodu-
latory effects of analogs can be related to
potency, mechanism of action, and half
lives. Thalidomide analogs could be used as
a pharmacological tool and in therapeutics
in the future.—Authors’Abstract

Makino, K., Nakajima, T., Shikamura,
M., Ito, F., Ando, S., Kochi, C., Ina-

72, 4 Current Literature, Chemotherapy 513

Chemotherapy



gawa, H., Soma, G., and Terada, H. Ef-
ficient intracellular delivery of rifampicin
to alveolar macrophages using rifampicin-
loaded PLGA microspheres: effects of
molecular weight and composition of
PLGA on release of rifampicin. Colloids
Surf B Biointerfaces. 36(1) (2004) 35–42.

Monodispersed PLGA microspheres con-
taining rifampicin (RFP) have been pre-
pared by solvent evaporation method using
a Shirasu porous glass (SPG) membrane.
The microspheres were spherical and their
average diameter was about 2 microm. The
loading efficiency of rifampicin was de-
pendent on the molecular weight of PLGA.
The higher loading efficiency was obtained
by the usage of PLGA with the lower molec-
ular weight, which may be caused by the in-
teraction of the amino groups of rifampicin
with the terminal carboxyl groups of PLGA.
PLGA with the monomer compositions of
50/50 and 75/25, of lactic acid/glycolic acid,
were used in this study. From rifampicin-
loaded PLGA microspheres formulated
using PLGA with the molecular weight of
20,000, rifampicin was released with almost
constant rate for 20 days after the lag phase
was observed for the initial 7 days at pH 7.4.
On the other hand, from rifampicin-loaded
PLGA microspheres formulated using
PLGA with the molecular weight of 5000 or
10,000, almost 90% of rifampicin-loaded in
the microspheres was released in the initial
10 days. Highly effective delivery of ri-
fampicin to alveolar macrophages was ob-
served by the usage of rifampicin-loaded
PLGA microspheres. Almost 19 times
higher concentration of rifampicin was
found to be incorporated in alveolar macro-
phages when rifampicin-loaded PLGA mi-
crospheres were added to the cell culture
medium than when rifampicin solution was
added.—Authors’Abstract

Maurer, T., Poncelet, A., and Berger, T.
Thalidomide treatment for prurigo nodu-
laris in human immunodeficiency virus-
infected subjects: efficacy and risk of
neuropathy. Arch. Dermatol. 140(7)
(2004) 845–849.

OBJECTIVE: To evaluate safety and effi-
cacy of thalidomide in the treatment of

prurigo nodularis in a group of human im-
munodeficiency virus (HIV)-infected pa-
tients whose condition was recalcitrant to
standard treatment. DESIGN: Prospective
study. SETTING: Outpatient dermatology
and neurology clinic, both referral set-
tings.PATIENTS: Eight HIV-infected pa-
tients with refractory prurigo nodularis; a
total of 10 met inclusion criteria, but 2 could
not be followed up. INTERVENTIONS:
Treatment with thalidomide, 100 mg/d. Sub-
jects were randomized after 1 month to re-
ceive 100 or 200 mg/d. If side effects were
noted, the drug was reduced to a tolerable
dose or discontinued. Subjects were moni-
tored at baseline and monthly for degree of
pruritus and total area of body involvement
of prurigo nodularis. Sequential neurologic
assessments were performed. MAIN OUT-
COME MEASURES: Efficacy and toxic ef-
fects. RESULTS: The dosage of thalidomide
ranged from 33 to 200 mg/d. Eight subjects
had a greater than 50% response in reduc-
tion of itch over 3.4 months (average).
Seven subjects had a greater than 50% re-
duction of skin involvement over 5 months
(average). Three subjects developed tha-
lidomide peripheral neuropathy (TPN).
There was no correlation between duration
of treatment, daily or cumulative dose, and
TPN. A change in the Neuropathy Impair-
ment Score of 10 points was a good marker
of TPN, as was a greater than 50% decrease
in the sural sensory nerve action potential
amplitude. CONCLUSIONS: Thalidomide
reduced the signs and symptoms of prurigo
nodularis in HIV-infected subjects. One
third of subjects developed TPN, under-
scoring the importance of careful neurologic
assessment.—Authors’Abstract

Noguchi, T., Sano, H., Shimazawa, R.,
Tanatani, A., Miyachi, H., and Hashi-
moto, Y. Phenylhomophthalimide-type
NOS inhibitors derived from thalido-
mide. Bioorg. Med. Chem. Lett. 14(16)
(2004) 4141–4145.

Thalidomide shows moderate inhibitory ac-
tivity toward neuronal nitric oxide synthase
(nNOS) and inducible NOS (iNOS), but not
toward endothelial NOS (eNOS). Structural
development studies of thalidomide yielded
novel phenylhomophthalimide-type NOS in-
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hibitors with enhanced activity and different
subtype selectivity.—Authors’Abstract

Seidel, V., and Taylor, P. W. In vitro ac-
tivity of extracts and constituents of
Pelagonium against rapidly growing my-
cobacteria. Int. J. Antimicrob. Agents.
23(6) (2004) 613–619.

Extracts of the roots of plants of the Gera-
niaceae family have been used for many years
in South Africa as native herbal remedies and
there is circumstantial evidence for efficacy
in the treatment of pulmonary tuberculosis.
We have examined dried roots of Pelargo-
nium reniforme and P. sidoides for antibac-
terial activity against rapidly growing my-
cobacteria. Fractions with activity against
Mycobacterium aurum and M. smegmatis
were obtained from both plant species by
bioassay-guided fractionation of n-hexane
extracts and were found to contain mixtures
of straight-chain fatty acids. Analysis by gas
chromatography-mass spectrometry (GC-
MS) of the corresponding fatty acid methyl
esters revealed structures with chain lengths
ranging from C12 to C26. Unsaturated com-
pounds were analyzed as the corresponding
dimethyl disulfide adducts to determine
double-bond positions. Active mixtures dif-
fered in the relative abundance of their com-
ponents, but all contained 16:0 (palmitic),
Delta9-18:1 (oleic) and Delta9,12-18:2
(linoleic acid) as the major components.
When tested against M. aurum, M. smeg-
matis and other rapidly growing mycobac-
teria (M. fortuitum, M. abscessus and M.
phlei), all saturated compounds except 12:0
were devoid of antimycobacterial activity,
whereas unsaturated compounds showed an-
timycobacterial activity related to their de-
gree of unsaturation, their chain length and
the bacterial species tested. The most potent
compound was linoleic acid, with MIC of 2
mg/l against M. aurum.—Authors’Abstract

Shimizu, S., Suzuki, M., Tomoda, A.,
Arai, S., Taguchi, H., Hanawa, T., and
Kamiya, S. Phenoxazine compounds pro-
duced by the reactions with bovine hemo-
globin show antimicrobial activity against
non-tuberculosis mycobacteria. Tohoku J.
Exp. Med. 203(1) (2004) 47–52.

We studied the anti-microbial effects of
phenoxazines produced by the reaction of 
o-aminophenol or its derivatives with bovine
hemoglobin, on seven species of mycobacte-
ria such as Mycobacterium tuberculosis, My-
cobacterium marinum, Mycobacterium in-
tracellulare, Mycobacterium scrofulaceum,
Mycobacterium fortuitum, Mycobacterium
kansasii and Mycobacterium smegmatis and
some bacteria such as Escherichia coli,
Pseudomonas aeruginosa, Salmonella enter-
ica serovar Typhimurium, Staphylococcus
aureus, Listeria monocytogeneses. These
phenoxazines, including 2-amino-4, 4alpha-
dihydro-4alpha, 7-dimethyl-3H-phenoxzine-
3-one (Phx-1), 3-amino-1, 4alpha-dihydro-
4alpha, 8-dimethyl-2H-phenoxazine-2-one
(Phx-2), and 2-aminophenoxazine-3-one
(Phx-3), prevented the proliferation of four
non-tuberculosis mycobacteria including M.
scrofulaceum, M. kansasii, M. marinum, and
M. intracellulare dose-dependently, though
the inhibitory effects of these phenoxazines
differed according to the species of myco-
bacteria. However these phenoxazines failed
to prevent the proliferation of M. tuberculo-
sis, M. fortuitum, and M. smegmatis, and the
concerned bacteria other than mycobacteria.
The present results may contribute to devel-
opment of novel antibiotics against non-
tuberculolsis mycobacteria.—Authors’ Ab-
stract

Ziglam, H. M., Daniels, I., and Finch, R.
G. Immunomodulating activity of ri-
fampicin. J. Chemother. 16(4) (2004)
357–361. 

It has been shown that some antibiotics
can modify cytokine production. We have
examined the effect of rifampicin on secre-
tion of interleukin-1beta (IL-1beta), IL-6,
IL-10, and tumor necrosis factor alpha
(TNF-alpha) by lipopolysaccharide (LPS)-
stimulated or heat killed staphylococci (Pan-
sorbin) stimulated monocytes. Secretion of
IL-1beta and TNF-a were significantly in-
hibited (p <0.002) whereas secretion of IL-6
and IL-10 were significantly increased (p
<0.003) by rifampicin treated mononuclear
cells. Rifampicin had immunomodulatory
effects through its capacity to alter the se-
cretion of tested cytokines by human mono-
cytes.—Authors’Abstract
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Arruda, A. P., Marques, W. Jr., Foss, N.
T., Garbino, J. A., Virmond, M., and
Barreira, A. A. Near nerve potential of
sural nerve in leprosy. Arq. Neuropsi-
quiatr. 62(3A) (2004) 571–574. Epub
2004 Aug. 24.

Leprosy neuropathy is characterized by
initial involvement of the small nerve fibers,
later followed by involvement of the large
fibers, when routine nerve conduction stud-
ies become abnormal. To increase the diag-
nostic yield and precocity of these studies,
we applied the near nerve technique to the
sural nerve of 8 leprosy patients. Contrary to
our expectations, the main component of the
sural nerve sensory action potential was ab-
normal in all patients, but the minimum con-
duction velocity originating from small 3–6
mm fibers was normal or only mildly in-
volved in three patients. Also, although
Schwann cells are the first to be involved in
leprosy, the results are suggestive of axonal
degeneration instead of demyelination. To
better understand the neurophysiology and
physiology of leprosy and to increase the ac-
curacy and precocity of the diagnosis, it will
be necessary to investigate patients in the
very early stages of the disease and to cor-
relate these findings with the corresponding
nerve pathology.—Authors’Abstract

Bhatia, A., Nanda, S., Gupta, U., Gupta,
S., and Reddy, B. Topical phenytoin sus-
pension and normal saline in the treat-
ment of leprosy trophic ulcers: arandom-
ized, double-blind, comparative study. J.
Dermatolog. Treat. 15(5) (2004)
321–327.

OBJECTIVE: To evaluate and compare
two strengths of topical phenytoin sodium
suspension (2% and 4%) with normal saline
in the healing of acute trophic ulcers in lep-
rosy patients. METHODS: A prospective,
parallel, double-blind, randomized study
was conducted in 45 leprosy inpatients with
acute trophic ulcers. Patients were random-
ized to receive 2%, 4% or normal saline
dressing on their ulcers once daily for 4
weeks. Efficacy parameters such as a reduc-

tion in the surface area of the ulcer, bacterial
culture of the ulcer swab, appearance of
healthy granulation tissue, cessation of ulcer
discharge and overall gradation of clinical
healing and safety were assessed at weekly
intervals. RESULTS: The ulcer area reduc-
tion was greater in the 2% and 4% pheny-
toin groups compared with the normal saline
group (p <0.001). Appearance of healthy
granulation tissue and cessation of ulcer dis-
charge was also observed earlier in the two
phenytoin groups. At the end of 4 weeks, 11
ulcers each had healed completely in both
the 2% and 4% phenytoin groups compared
with none in the control group. There were
no statistical differences between the 2%
and 4% phenytoin groups. No side effects
were reported by any patient. CONCLU-
SION: Topical phenytoin appears to be an
effective, safe and cheap therapeutic option
for the healing of trophic ulcers in leprosy
patients.—Authors’Abstract

Boggild, A. K., Correia, J. D., Keystone,
J. S., and Kain, K. C. Leprosy in
Toronto: an analysis of 184 imported
cases. Canadian Med. Assn. J. 170(1)
(2004) 55–59.

Background: Leprosy is a rare but serious
mycobacterial infection. Immigration from
areas where the disease is endemic has re-
sulted in the importation of leprosy into
countries where it is not endemic and where
physicians and health care workers have
little or no experience in diagnosis and ther-
apy. 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 clin-
ical records of all 184 leprosy patients who
were referred to the tropical Disease Unit at
Toronto General Hospital, Toronto, Ontario,
Canada, between 1979 and 2002 and ab-
stracted demographic and clinical informa-
tion. Results: Patients were more likely to be
male (122 or 66.3%) and of Indian (44 or
23.9%), Filipino (49 or 22.6%) or Viet-
namese (37 or 20.1%) origin. Patients expe-
rienced symptoms for a mean of 4.8 yrs be-
fore referral to the Tropical Disease Unit.
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Most had no family history of leprosy
(152/172 or 84%). Most patients presented
either with borderline tuberculoid (80 or
43.5%) or borderline lepromatous (37 or
20.1%) disease. On average, patients pre-
sented with 5.8 skin lesions. Upper- and
lower-extremity nerve dysfunction was
common at presentation, with up to one-
third of patients demonstrating either sense
or motor loss. A significantly greater lag
time to presentation was observed in pa-
tients 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 uncommon in developed coun-
tries, but it is important for physicians to
have a high index of suspicion when a
foreign-born patient presents with chronic
dermatitis and peripheral nerve involve-
ment.—Tropical Disease Bulletin

Burman, K. D., Rijall, A., Agrawal, S.,
Agarwalla, A., and Verma, K. K. Child-
hood leprosy in eastern Nepal: a hospital-
based study. Indian J. Lepr. 75(1) (2003)
47–52.

A hospital-based retrospective study on
childhood leprosy was carried out at B.R.
Koirala Institute of Health Sciences, Dha-
ran, covering the period April 1998–April
2002. 20 (4.45%) leprosy patients were de-
tected in children aged 6–14 years. The
male:female ratio was 4:1. History of con-
tact was found in 10% of the patients. The
commonest type of leprosy was borderline
tuberculoid leprosy (550%), followed by
borderline lepromatous leprosy (301%).
Most of the patients had more than one le-
sion. Nerve involvement and grade 2 defor-
mity were noted in 55% and 20% of the pa-
tients, respectively. Slit skin smear was
positive in 30% of patients.—Authors’ Ab-
stract 

Cortés, S. L., and Rodríguez, G. Leprosy
in children: association between clinical
and pathological aspects. J. Trop. Pediatr.
50(1) (2004) 12–15.

Leprosy among children is a public health
problem reflecting the disease’s transmis-

sion in the community and the efficiency of
control programs. To evaluate some clinical,
epidemiological and histopathological crite-
ria, as well as the level of agreement be-
tween clinical and histopathological diag-
noses, 207 biopsies were studied from
patients less than 15 years old who were
clinically diagnosed with leprosy between
March 1994 and September 2000. Leprosy
was confirmed by histopathology in 119
cases (57.5 per cent). Forty-seven per cent
of children were 10 years old or more; 28.5
per cent shared their dwellings with leprosy
patients; 35 per cent had only one lesion,
and 43 per cent were multibacillary cases.
Agreement between clinical and histo-
pathological classification was 36 per cent;
hypochromic chronic eczema and post-
inflammatory incontinence of melanin pig-
ment were the clinical lesions most fre-
quently mistaken with leprosy. Leprosy
among children represents 7 per cent of new
leprosy cases in Colombia and the high per-
centage of multibacillary cases suggests that
diagnosis is being made late. The disease
must be investigated in all children living
with leprosy patients and skin biopsy is rec-
ommended to avoid false-positive diag-
noses.—Tropical Disease Bulletin

Couppié, P., Abel, S., Voinchet, H., Rous-
sel, M., Hélénon, R., Huerre, M.,
Sainte-Marie, D., and Cabié, A. Im-
mune Reconstitution Inflammatory Syn-
drome Associated with HIV and Leprosy.
Arch. Dermatol. 140 (2004) 997–1000.

Background: Immune reconstitution in-
flammatory syndrome (IRIS) is an unusual
inflammatory reaction to an opportunistic
infection that occurs in human immuno-
deficiency virus (HIV)-positive patients
with profound immunosuppression during
the reconstitution of the immune system in
the initial months of highly active anti-
retroviral treatment.

Observations: We describe 3 cases of
leprosy occurring in patients treated with a
combination of 3 antiretroviral drugs who
fulfilled the criteria for IRIS. A reactional
state occurred in all 3 cases. Two of the 3 pa-
tients presented an unusual ulcerous pro-
gression of the lesions not generally ob-
served in cases of leprosy. The outcome was
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favorable in all 3 cases. The frequency of
IRIS associated with leprosy in French
Guiana and Martinique is estimated at 3
cases per 1000 HIV-positive patients receiv-
ing highly active antiretroviral treatment.

Conclusions: Leprosy should be recog-
nized as an IRIS-associated infection with
possibility of atypical presentation.—Ar-
chives of Dermatology

Dave, S., Nori, A. V., Thappa, D. M., and
Siddaraju, N. Leprous osteitis present-
ing as bone cyst and erosions. Dermatol.
Online J. 10(1) (2004) 17.

A 30-year-old man presented to the
Hansen outpatient department with swelling
and ulceration of toes for 2 months and
swelling of the right fifth and fourth fingers
and the left second finger for 1 month. In ad-
dition to skin lesions of lepromatous leprosy
(subpolar type), there was nontender, non-
fluctuant swelling of the right fifth and
fourth fingers and left second finger. Skin
over the right fifth finger showed sinus-like
openings with associated purulent dis-
charge. He also had swelling and ulceration
of second left toe. Slit-skin smear (SSS)
showed a bacterial index of 6+ from the ear
lobes and cutaneous nodules, 4+ from the
patch, and 3+ from normal skin. Modified
Ziehl-Neelsen staining of the discharge ex-
truding from the sinuses on the right fifth
finger also showed abundant acid-fast
bacilli. Radiography of the hands and feet
showed lytic lesions in the distal epimeta-
physeal region of proximal phalanx of the
right fifth finger and left second finger and
erosion of distal end of proximal phalanges
of both second toes. Histopathological ex-
amination of biopsy specimen from the
patch (back) showed features of leproma-
tous leprosy, and Fite-Faraco stain for tissue
acid-fast bacteria (AFB) was strongly posi-
tive. Fine-needle-aspiration cytology (FNAC)
from the lytic lesion in the bone also showed
predominantly foamy macrophages with
strongly positive staining for AFB with a
few interspersed lymphocytes, epithelioid
cells and Langhans giant cells. On the basis
of these features, a clinical diagnosis of sub-
polar lepromatous leprosy with leprous os-
teitis was made. In today’s clinical era of

improved case detection and prompt treat-
ment with effective multidrug regimens, ad-
vanced bone changes are rarely encountered.
We describe this case of lepromatous lep-
rosy that developed cavitating lesions of the
phalanges of the hand, seen on x-ray as
well-defined bone cyst and erosions.—Au-
thors’Abstract

Dawe, S., Lockwood, D. N., and Creamer,
D. A case of post-partum borderline tu-
berculoid leprosy complicated by a me-
dian nerve abscess, peptic ulceration and
rifampicin-induced haemolytic renal fail-
ure. Lepr. Rev. 75(2) (2004) 181–187.

We report a case of borderline tuberculoid
leprosy complicated by a median nerve ab-
scess, acute renal failure secondary to
rifampicin-induced haemolysis and duode-
nal ulceration secondary to steroid use. Ri-
fampicin induced hameolysis is a rare and
probably under-reported complication of
leprosy multi-drug therapy. It should be con-
sidered when patients complain of flu-like
symptoms after taking their monthly ri-
fampicin.—Authors’Abstract

de Freitas, M. R., Nascimento, O. J., de
Freitas, M. R., and Hahn, M. D. Iso-
lated superficial peroneal nerve lesion in
pure neural leprosy: case report. Arq.
Neuropsiquiatr. 62(2B) (2004) 535–539.

Patients with leprosy may have only
nerve involvement without skin changes.
These cases are known as pure neural lep-
rosy and can be seen in 10% of leprosy pa-
tients. Most patients have mononeuritic or
multiple mononeuritic neuropathy patterns.
The isolated lesion of the superficial pero-
neal nerve is uncommonly seen. We report a
patient with involvement of this nerve in
which there was no thickening of superficial
nerves. The performed nerve biopsy showed
inflammatory infiltration, loss of fibers and
presence of Mycobacterium leprae. We be-
lieve that in prevalent leprosy countries we
should take in mind the possibility of iso-
lated pure neural leprosy in some patients
without skin lesion. In these cases the diag-
nosis of leprosy is impossible on clinical
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grounds and nerve biopsy is mandatory.—
Authors’Abstract

Helmer, K. A., Fleischfresser, I.,
Kucharski-Esmanhoto, L. D., Neto, J.
F., and Santamaria, J. R. The Lucio’s
Phenomenon (necrotozing erythema) in
pregancy. An. Bras. Dermatol. 79(2)
(2004) 205–210. [Article in Spanish].

Summary: The Lucio’s phenomenon, a
type 2 reactional condition in leprosy prob-
ably mediated by immune complexes, is a
severe necrotizing skin reaction that occurs
mainly in patients with non-nodular lepro-
matous leprosy. This report presents a 27-
year-old woman, in her 32nd week of preg-
nancy, with a one-week history of painful
skin lesions in extremities, reddish-purple,
sharply delineated, confluent, with bullae
and occasional necrosis and ulceration. The
oatient also referred fever. Bacilloscopy
showed acid-fast bacilli and globi, and the
histopathologic findings of a skin biopsy
were consistent with lepromatous leprosy
and Lucio’s phenomenon. Prednisone and
multidrug therapy with rifampin, clofaz-
imine and dapsone were given, with remis-
sion. Pregnancy has been associated with a
high incidence of first diagnosis of leprosy
or with an exacerbation of symptoms in pa-
tients with the established disease because
hormonal alterations cause immunological
imbalance, particularly between the last
three months of pregnancy and the first three
months of lactation, when immunosuppre-
sion is higher. Despite the recommendation
not to take drugs during pregnancy, the mul-
tidrug therapy regimen must be used, since
the benefits achieved with the treatment sur-
pass the risks.—Anais Brasileiros de Der-
matologia

Jain, R., Dogra, S., Kaur, I., and Kumar,
B. Leprosy and herpes zoster; an associ-
ation or dissociation? Indian J Lepr. 75(3)
(2003) 263–264.

Nerve involvement is common to the
pathogenesis of both leprosy and herpes
zoster. We report two cases of borderline
leprosy in which the skin lesions character-

istically spared the healed zoster scar. Pos-
sible mechanisms and relationship are dis-
cussed.—Authors’Abstract

Karthikeyan, K., and Thappa, D. M.
Squamous cell carcinoma in plantar ul-
cers in leprosy: a study of 11 cases. In-
dian J. Lepr. 75(3) (2003) 219–224.

The objectives of our study were to de-
scribe and analyze the malignancies that oc-
curred in plantar ulcers of leprosy patients.
The possible predisposing conditions, dura-
tion and extent of the spread of the tumour
were also studied. All patients with trophic
ulcer of the foot attending the urban leprosy
clinic in our hospital from January 1998 to
January 2003 were screened for change to
malignancy. During the study period, 79
cases of plantar ulcers in leprosy were seen.
The mean age of these cases was 39.9 years
with male-to-female ratio of 4:1. Eleven
cases with plantar ulcers and malignant
change were diagnosed in our hospital dur-
ing the study period. The male-to-female
ratio was 4.5:1. The mean age of these pa-
tients was 60.6 years. Their age ranged from
46 to 75 years. Nine of the cases were
treated cases of borderline tuberculoid lep-
rosy, while two had treated lepromatous lep-
rosy. In our study, two distinct morphologi-
cal types of malignant changes were seen.
Histopathologically, all cases, except one,
were of well-differentiated squamous cell
carcinoma variation; one case had verrucous
carcinoma. Though trophic ulcers are com-
mon in leprosy cases, only long-standing
and neglected ones undergo malignancy.—
Authors’Abstract

Katoch, K., Katoch, V. M., Natrajan, M.,
Sreevatsa, Gupta, U. D., Sharma ,V. D.,
and Shivanavar, C. T. 10–12 years
follow-up of highly bacillated BL/LL lep-
rosy patients on combined chemotherapy
and immunotherapy. Vaccine. 22(27–28)
(2004) 3649–3657.

This study reports the follow-up results of
36 highly bacillated untreated BL/LL cases
who were serially allocated to three treat-
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ment groups. Group I patients received a
modified WHO regimen (Rifampicin 600
mg once a month supervised, 50 mg of Clo-
fazimine and 100 mg of Dapsone daily un-
supervised) and BCG 0.1 mg per dose 6
monthly; group II patients received the same
multi-drug treatment (MDT) and Mw (2 ×
10(8) killed bacilli per dose) 6 monthly:
group III patients received the same MDT
with 0.1 ml of distilled water 6 monthly and
acted as a control. Treatment was continued
till smear negativity. All these three groups
were comparable by their initial clinical
score, bacteriological index (BI), viable
bacilli as assessed by the mouse footpad
(MFP), bacillary adenosine triphosphate
(ATP) content and also histologically at the
time of starting treatment. All these param-
eters were evaluated every 6 months. The
vaccines were well tolerated. All the patients
in group I became smear negative by 3.5
years, in group II in 3 years whereas those
in group III took 5 years. The incidence of
reactions was the same in all the groups dur-
ing the first 2 years, however, patients of
group III (MDT + placebo) continued to
have reactions up to 3 years. No viable
bacilli could be detected in the local and dis-
tal sites as estimated by MFP and bacillary
ATP after 12 months in both the im-
munotherapy groups. These could be de-
tected in patients on MDT alone up to 24
months of therapy. Histologically patients in
both the immunotherapy groups (groups I
and II) showed accelerated granuloma clear-
ance, histological upgrading and non-
specific healing without granuloma forma-
tion both at the local and distal sites and this
was achieved much earlier compared to the
MDT + placebo group. Thus, by the addition
of immunotherapy the effective treatment
period of achieving bacteriological negativ-
ity could be reduced by about 40%, time pe-
riod of reactions reduced by 33% and there
were no reactions and/or relapses in the
10–12 years post-treatment follow-up.—
Authors’Abstract

Lomonte, C., Chiarulli, G., Cazzato, F.,
Giammaria, B., Marchio, G., Losurdo,
N., Antonelli, M., Casucci, F., and
Basile, C. End-stage renal disease in lep-
rosy. J. Nephrol. 17(2) (2004) 302–305.

BACKGROUND: Leprosy or Hansen’s
disease (HAD) undoubtedly remains an
emergency in certain countries. It is an an-
cient deforming disease caused by Myco-
bacterium leprae. The countries with the
highest endemic leprosy rate in 2000 were
Brazil, India and Madagascar. In Italy, the
old epidemic has been defeated and there are
approximately 400 patients under constant
monitoring with three to four new cases per
year involving Italian residents. The kidney
is one of the target organs during the
splanchnic localization of leprosy. The
histopathological renal lesion spectrum in-
cludes glomerulonephritis (GN), renal amy-
loidosis (RA) and interstitial nephritis (IN).
Both proteinuria and chronic renal failure
are the main clinical expressions of renal
damage in leprosy. To the best of our knowl-
edge, very little is reported concerning end-
stage renal disease (ESRD) in leprosy pa-
tients both in the most important national
and international renal registries and in the
available literature. This study aimed to re-
port the long-term experience of our depart-
ment in this field. METHODS: To achieve
this, we analyzed retrospectively the HAD
Center (Gioia del Colle) database at our hos-
pital. RESULTS: Eight leprosy patients
were dialyzed from 1980 to June 2003 (six
males and two females), with a mean age of
61.0 ± 8.9 S.D. yrs (range: 51–76) and a
mean HAD duration of 36.1 ± 5.1 yrs. The
first clinical nephropathymanifestations
were non-nephrotic proteinuria associated
with chronic renal failure in four patients,
and nephrotic proteinuria in four patients.
Kidney biopsies performed in three patients
showed two had RA, and one had IN. Two
patients were treated initially by peritoneal
dialysis; they were then switched to he-
modialysis (HD) after 3 and 10 months be-
cause of recurrent peritonitis. HD treatment
lasted 40.6 ± 31.4 months (range: 9–101).
Six patients died, one due to hyperkalemia,
one because of a technical dialysis accident,
and the remainder due to causes unrelated to
the dialysis treatment. Two patients are still
alive, treated with HD for 17 and 44 months.
CONCLUSIONS: Uremia represents a late
complication of leprosy and has a multifac-
torial genesis, although RA is among the
most frequent causes, conventional bicar-
bonate HD appears to offer good results in
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the treatment of uremia in leprosy pa-
tients.—Authors’Abstract

Malaviya, G. N. Palmaris longus—a muscle
with multiple uses in leprosy-affected
hands. Indian J. Lepr. 75(4) (2003) 327–
334.

The present paper reviews the anatomy of
palmaris longus muscle and also the situa-
tions where palmaris longus muscle has
been used as an independent motor or as a
donor of tendon graft material. Its relevance
in leprosy-affected hands is also discussed
because the muscle is usually spared in hand
palsies consequent to leprotic neural dam-
age. The advantages and disadvantages of
its use in different operative procedures
have been analyzed. The author’s experi-
ence with this muscle in the correction of
hand deformities in leprosy is described.—
Author’s Abstract

Ooi, W. W., and Srinivasan, J. Leprosy
and the peripheral nervous system: basic
and clinical aspects. Muscle Nerve. 30(4)
(2004) 393–409.

Leprosy is one of the most common
causes of nontraumatic peripheral neuropa-
thy in the developing world. The causative
agent, Mycobacterium leprae, has a
predilection for Schwann cells, where the
organism multiplies unimpeded by organism-
specific host immunity, resulting in destruc-
tion of myelin, secondary inflammatory
changes, and destruction of the nerve archi-
tecture. The cardinal diagnostic features of
leprosy are anesthetic skin lesions, neuropa-
thy, and positive skin smears for the bacilli.
However, patients may rarely present with-
out skin lesions in pure neuritic leprosy.
Electrodiagnostic findings early in the dis-
ease reveal demyelinating features, such as
slowing of conduction velocity and pro-
longation of latencies, but as the disease
progresses secondary axonal damage
commonly ensues. Electrodiagnostic studies
are also useful to monitor for toxicity sec-
ondary to therapy, particularly thalidomide-
associated neuropathy. Nerve biopsy of a
sensory cutaneous nerve is sometimes es-

sential to confirm a diagnosis of leprosy.
Significant advances in understanding of the
pathogenesis, mapping of the genome, and
other advances in molecular biology may re-
sult in better preventive and therapeutic
modalities, and the goal of eradicating lep-
rosy as a global problem may yet be real-
ized.—Authors’Abstract

Pais, A. V., Pereira, S., Garg, I., Stephen,
J., Antony, M., and Inchara, Y. K.
Intra-abdominal, crystal-storing histiocy-
tosis due to clofazimine in a patient with
lepromatous leprosy and concurrent car-
cinoma of the colon. Lepr. Rev. 75(2)
(2004) 171–176.

We report a case with abdominal compli-
cations of clofazimine treatment which in-
cluded blackish discolouration of the lymph
nodes, omentum and peritoneum. A 44-year-
old female with lepromatous leprosy and a
history of adverse reaction to clofazimine 2
years previously, presented with rectosig-
moid junction adenocarcinoma. Laparotomy
revealed an inoperable tumour with pig-
mentation of the bowel, serosa and peri-
toneum. A second operation had o be per-
formed for transverse loop colostomy and a
mesenteric lymph node biopsy sent for frozen
section showed typical clofazimine crystals.
Despite widespread use for many years in the
treatment of leprosy, this drug is not known
to be carcinogenic and this case provides no
evidence for an association or link between
its use and the patient’s cancer. Apart from its
use in leprosy, clofazimine may be used in the
treatment of disseminated Mycobacterium
avium-intracellulare infection, Buruli ulcer
due to M. ulcerans and occasionally in other
mycobacterial infections. An awareness of
the rare side-effect described above may
help in the clinical assessment and manage-
ment of such cases, including the avoidance
of unnecessary laparotomy.—Authors’ Ab-
stract

Pimentel, M. I., Nery, J. A., Borges, E.,
Goncalves, R. R., and Sarno, E. N. Im-
pairments in multibacillary leprosy; a
study from Brazil. Lepr. Rev. 75(2)
(2004) 143–152.
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This is a retrospective cohort study of 103
multibacillary leprosy patients (18% BB,
48% BL and 34% LL) followed during and
after treatment, in a tertiary referral centre
with an outpatient clinic in an endemic area
in Brazil, for an average period of 65
months since the start of multidrug therapy
(24-dose MDT). The objective of the study
was to identify the role of overt neuritis
(presence of pain in a peripheral nerve
trunk, with or without enlargement or neu-
ral function damage), in the development of
impairments. They were evaluated using the
World Health Organization disability grade
before treatment, at the end of the treatment,
and at the end of the follow-up period.
Thirty-four percent of patients presented
overt neuritis during MDT, and 45% had
overt neuritis episodes during the follow-up
period; the most commonly affected nerves
were ulnar, fibular and posterior tibial
nerves, and the neuritic episodes were care-
fully treated with steroid therapy and phys-
iotherapy. Impairments were associated
with: affected (painful and/or thick) nerves
at diagnosis (p <0.005); delay in diagnosis
(p = 0.010); impairments already present at
the start of treatment (p = 0.00041 at the end
of MDT, and p = 0.000013 at the end of fol-
low-up); occurrence of overt neuritis
episodes during MDT (p = 0.0016) or the
whole follow-up (p = 0.015). These data
draw attention to the importance of early di-
agnosis and of good neurological examina-
tion throughout the follow-up, as well as
suggest the importance of neuritis in the in-
duction of impairments in multibacillary
leprosy.—Authors’Abstract

Rath, N., and Kar, H. K. Leprosy in HIV
infection: a study of three cases. Indian J.
Lepr. 75(4) (2003) 355–359.

The course of leprosy in patients with HIV
infection has been a controversial issue for
a long time. It is still a matter of debate
whether the HIV status of an individual has
any impact on the natural history of leprosy
and response to anti-leprosy treatment. We
report here three HIV-positive leprosy cases
(two BT and one BB) along with their CD4
counts and HIV staging with anti-leprosy
therapeutic response. Both BT cases re-
sponded well to conventional WHO MDT

(PB) for 6 months, whereas the BB case re-
lapsed 3 months after completion of MDT
(MB) for one year. However, he became in-
active again following a further one-year
course of MDT (MB).—Authors’Abstract

Richardus, J. H., Withington, S. G., An-
derson, A. M., Croft, R. P., Nicholls, P.
G., van Brakel, W. H., and Smith, W.
C. S. Adverse events of standardized reg-
imens of corticosteroids for prophylaxis
and treatment of nerve function impair-
ment in leprosy: results from the “TRI-
POD” trials. Lepr. Rev. 74(4) (2003)
319–327.

Reactions in leprosy causing nerve func-
tion impairment (NFI) are increasingly
treated with standardized regimens of corti-
costeroids, often under field conditions.
Safety concerns led to an assessment of ad-
verse events of corticosteroids, based on data
of three trials studying prevention of NFI (the
TRIPOD study). A multicenter, randomized,
double-blind placebo-controlled trial was
conducted in leprosy control programs in
Nepal and Bangladesh. Treatment was with
prednisolone according to fixed schedules
for 16 weeks, starting in one trial with 20
mg/day (prophylactic regimen: total dosage
1.96 g) and in the other two trials with 40
mg/day (therapeutic regimen: total dosage
2.52 g). Minor adverse events were defined
as moon face, fungal infections, acne, and
gastric pain requiring antacid. Major ad-
verse events were defined as psychosis, pep-
tic ulcer, glaucoma, cataract, diabetes and
hypertension. Also, the occurrence of in-
fected plantar, palmar, and corneal ulcera-
tion was monitored, together with occur-
rence of TB. Considering all three trials
together, minor adverse events were ob-
served in 130/815 patients (16%). Of these,
51/414 (12%) were in the placebo group and
79/401 (20%) in the prednisolone group.
The relative risk for minor adverse events in
the prednisolone group was 1.6 (p = 0.004).
Adverse events with a significantly in-
creased were acne, fungal infections and
gastric pain. Major adverse events were ob-
served in 15/815 patients (2%); 7/414 (2%)
in the placebo group and 8/401 (2%) in the
prednisolone group. No major adverse
events had a significantly increased risk in
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the prednisolone arm of the trials. No cases
of TB were observed in 300 patients who
could be followed-up for 24 months. Stan-
dardized regimens of corticosteroids for
both prophylaxis and treatment of reactions
and NFI in leprosy under field conditions in
developing countries are safe when a stan-
dard pre-treatment examination is per-
formed, treatment for minor conditions can
be carried out by field staff, referral for spe-
cialized medical care is possible, and suffi-
cient follow-up is done during and after
treatment.—Tropical Disease Bulletin

Rijal, A., Agrawal, S., Agarwalla, A., and
Lakhey, M. Bullous erythema nodosum
leprosum: a case report from Nepal. Lepr.
Rev. 75(2) (2004) 177–180.

A patient with lepromatous leprosy, while
on WHO multidrug therapy (MDT) for
multibacillary disease, was diagnosed as
having dapsone syndrome with recurrent
episodes of bullous lesions on the lower ex-
tremities for 4–5 years. The lesions were as-
sociated with high-grade fever. Examination
revealed multiple hypopigmented macules
on the limbs. Multiple atrophic scars were
also found on the buttocks and lower limbs.
Bilateral ulnar, radial cutaneous and lateral
popliteal nerves were thickened. On day 10
of WHO-MB-MDT he developed a flaccid
bulla on the lower leg. Skin slit smear
showed a bacterial index (BI) of 3+ and the
histopathology was consistent with type II
reaction. High dose corticosteroid therapy
was started but he continued to have new le-
sions, and was therefore referred to a centre
where thalidomide was available. Clinical
response was good and he remained symp-
tom-free after gradual reduction in dosage.
ENL should be differentiated from bullous
drug reactions, pemphigus vulgaris, bullous
pemphigoid and other blistering diseases.—
Authors’Abstract

Senturk, V., and Sagduyu, A. [Psychiatric
disorders and disability among leprosy pa-
tients; a review.] Turk. Psikiyatri. Derg.
15(3) (2004) 236–243. [Article in Turkish]

As a gross estimate, leprosy currently af-
fects 11–16 million patients worldwide

There are currently 3600 registered patients
in Turkey. The social stigma connected to
leprosy makes this disease completely dif-
ferent from others. Even nowadays people
affected by leprosy have to leave their vil-
lage or are socially isolated. The physical
deformity ratio is approximately 25% in
other countries whereas it is more than half
in Turkey. The prevalence of mental disor-
ders among leprosy patients is higher than
that among the general population. Depres-
sion is the most common psychiatric disor-
der among leprosy patients. Another impor-
tant finding is that the long duration of the
illness and physical handicaps raise the risk
of psychiatric disorders. Nevertheless, the
results of two studies conducted in Turkey
on this subject contradict the results of in-
ternational studies. Leprosy patients experi-
ence functional disabilities that limit their
lives and ability to establish relation ships
with others both in social and occupational
fields. The physical disability rate is high
(75%) in Turkey. A review of the literature
revealed several papers on the psychosocial
aspects of illness but few references to the
degree or pattern of psychiatric disorders
among leprosy patients. The main purpose
of this paper is to review psychiatric disor-
ders and disabilities in leprosy patients and
to obtain concrete results.—Authors’ Ab-
stract

Soysal, A., Atay, T., Ozu, T., and Arpaci,
B. Electrophysiological evaluation of pe-
ripheral and autonomic involvement in
leprosy. Can. J. Neurol. Sci. 31(3) (2004)
357–362.

OBJECTIVE: Motor and sensory nerve
conductions, F responses, sympathetic skin
responses and R-R interval variations
(RRIV) were studied to determine the type
of peripheral neuropathy among patients
with leprosy. METHODS: Twenty-nine con-
secutive patients with leprosy (25 male, 4
female) hospitalized in the “Istanbul Lep-
rosy Hospital” between January–December,
1999 were included in this study. Ten pa-
tients had borderline lepromatous leprosy,
and 19 had lepromatous leprosy. None of the
patients studied had the tuberculoid form.
The mean age was 55 ± 12 years. The con-
trol group consisted of 30 (26 male, 4 fe-
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male) healthy volunteers (mean age: 58.1 ±
7.8 years). All subjects included in the study
underwent neurological examination and
electrophysiological evaluation. Standard
procedures were performed for evaluating
sensory and motor conduction studies.
Motor studies were carried out on both left
and right median, ulnar, tibial and common
peroneal nerves while median, ulnar, sural
and superficial peroneal nerves were exam-
ined for sensory studies. Sympathetic skin
response recordings on both hands and
RRIV recordings on precordial region were
done in order to evaluate the autonomic in-
volvement. RESULTS: The lower extremity
was found to be more severely affected than
the upper, and sensory impairment predom-
inated over motor. Of 58 upper limbs exam-
ined, no sympathetic skin responses was
recorded in 46 (79.3%). Compared with the
controls, the RRIVs of the leprosy patients
were found to be reduced during both rest-
ing and deep forced hyperventilation. CON-
CLUSION: Our results indicate that leprosy
causes a predominantly axonal polyneuropa-
thy that is more severe in the lower extremi-
ties. Sensory nerve damage is accompanied
by autonomic involvement.—Authors’ Ab-
stract

Taylor, N. L., Raj, A. D., Dick, H. M., and
Solomon, S. The correction of ulnar claw
fingers: a follow-up study comparing the
extensor-to-flexor with the palmaris
longus 4-tailed tendon transfer in patients
with leprosy. J. Hand Surg. [Am]. 29(4)
(2004) 595–604.

PURPOSE: The extensor to flexor 4-tailed
tendon transfer (EF4T) and the palmaris
longus 4-tailed tendon transfer (PL4T) are 2
surgical procedures used to correct intrinsic
paralysis of the hand in leprosy. The EF4T
traditionally is the more common procedure
and requires the transfer of a wrist extensor
muscle. The PL4T requires the transfer of
the palmaris longus and morbidity is ex-
pected to be lower. A follow-up study was
performed to determine whether the clinical
outcome of the PL4T is superior to the EF4T
procedure in leprosy patients with ulnar
claw fingers that are considered mobile be-
fore surgery. METHODS: Fifty-five patients
presented 65 affected hands, of which 40

hands had the PL4T and 25 had the EF4T
procedure. Each hand was assessed before
surgery and at follow-up evaluation by pre-
determined angle measurements, standard-
ized photographs, mechanical function, and
patient satisfaction. Each hand was given an
overall technical grade according to previ-
ously published standards. RESULTS: After
an average follow-up period of 33 months
there was no statistically significant differ-
ence in the technical outcome or patient sat-
isfaction between the 2 tendon transfer pro-
cedures. CONCLUSIONS: Whenever the
palmaris longus is available it may be con-
sidered to be the motor tendon of choice to
undertake a many-tailed procedure for claw
finger reconstruction in mobile hands para-
lyzed by leprosy. The palmaris longus
should be considered as a possible motor
tendon when correcting intrinsic muscle
paralysis of the hand.—Authors’Abstract

van Brakel, W. H., Anderson, A. M.,
Withington, S. G., Croft, R. P.,
Nicholls, P. G., Richardus, J. H., and
Smith W. C. S. The prognostic impor-
tance of detecting mild sensory impair-
ment in leprosy: a randomized controlled
trial (TRIPOD 2). Lepr. Rev. 74(4)
(2003) 300–310.

This study was designed to investigate
whether leprosy patients diagnosed with mild
sensory impairment have a better prognosis
when treated with steroids than similarly im-
paired patients treated ith placebo. A multi-
center, randomized, double-blind, placebo-
controlled trial was conducted in Nepal and
Bangladesh [date not given]. Patients were
eligible if they had a confirmed leprosy diag-
nosis, were between 15 and 50 years old, had
mild sensory impairment of the ulnar or pos-
terior tibial nerve of less than 6 months du-
ration and did not require steroids for other
reasons. ‘Mild impairment’ was defined as
‘impaired on the Semmes-Weinstein monofil-
ament test, but testing normal on the ballpen
sensory test.’Subjects were randomized to ei-
ther prenisolone treatment starting at 40 mg
per day, tapering over 4 months, or placebo.
Nerve function was monitored monthly. Any
patient who deteriorated was taken out of the
trial and was put on full-dose steroid treat-
ment. Outcome assessment was done at 4, 6,
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9 and 12 months from the start of the treat-
ment. Outcome measures were the proportion
of patients needing full-dose prednisolone
and the Semmes-Wenstein sum scores. Each
patient contributed only one nerve to the
analysis. Seventy-five patients had nerves el-
igible for analysis, of whom 41 (55%) and 34
(45%) were allocated to the prednisolone and
placebo arms, respectively. At 4 months,
three patients in the prednisolone arm (7%)
and six in the placebo arm (18%) had an out-
come event requiring full-dose steroids. At 12
months, these proportions had almost re-
versed, 11 (27%) and 6 (18%) in the treat-
ment and placebo arms, respectively. In the
latter group, 75% had recovered sponta-

neously after 12 months. Prednisolone treat-
ment of sensory impairment of the ulnar and
posterior tibial nerves detectable with the
monofilament test, but not with the balloen
test, did not improve the long-term outcome
in terms of recovery of touch sensibility, nor
did it reduce the risk of leprosy reactions or
nerve function impairment beyond the initial
4-month treatment phase. Two unexpected
main findings were the strong tendency of
mild sensory impairment to recover sponta-
neously and the fact that patients with mild
sensory impairment without any other signs
or symptoms of reaction or nerve function
impairment are relatively rare.—Tropical
Disease Bulletin
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Antas, P. R., Sales, J. S., Pereira, K. C.,
Oliveira, E. B., Cunha, K. S., Sarno, E.
N., and Sampaio, E. P. Patterns of intra-
cellular cytokines in CD4 and CD8 T
cells from patients with mycobacterial in-
fections. Braz. J. Med. Biol. Res. 37(8)
(2004) 1119–1129. Epub 2004 Jul 20.

Using a short-term bulk culture protocol
designed for an intracellular-staining method
based on a flow cytometry approach to the
frequencies of cytokine-producing cells
from tuberculosis and leprosy patients, we
found distinct patterns of T cell subset ex-
pression. The method also reveals the pro-
file of peak cytokine production and can
provide simultaneous information about the
phenotype of cytokine-producing cells, pro-
viding a reliable assay for monitoring the
immunity of these patients. The immune re-
sponse of Mycobacterium leprae and puri-
fied protein derivative (PPD) in vitro to a
panel of mycobacteria-infected patients
from an endemic area was assessed in pri-
mary mononuclear cell cultures. The kinet-
ics and source of the cytokine pattern were
measured at the single-cell level. IFN-
gamma-, TNF-alpha-, IL-4- and IL-10-
secreting T cells were intracytoplasmic eval-
uated in an attempt to identify M. leprae-
and PPD-specific cells directly from the pe-
ripheral blood. The analysis by this ap-
proach indicated that TNF-alpha was the
first (8 hr) to be produced, followed by IFN-

gamma (16 hr), IL-10 (20 hr) and IL-4 (24
hr), and double-staining experiments con-
firmed that CD4+ were a greater source of
TNF-alpha than of CD8+ T cells (p <0.05).
Both T cell subsets secreted similar amounts
of IFN-gamma. We conclude that the proto-
col permits rapid evaluation of cytokine pro-
duction by different T cell populations. The
method can also be used to define immune
status in non-infected and contact individu-
als.—Authors’Abstract

Bermudez, L. E., Petrofsky, M., and San-
gari, F. Intracellular phenotype of Myco-
bacterium avium enters macrophages
primarily by a macropinocytosis-like
mechanism and survives in a compart-
ment that differs from that with extracel-
lular phenotype. Cell. Biol. Int. 28(5)
(2004) 411–419.

Mycobacterium avium uptake by human
macrophages differs between the phenotypes
of bacterium grown in laboratory media (ex-
tracellular growth, EG) and bacterium grown
within macrophages (intracellular growth,
IG). Studies in vivo have confirmed that, when
spreading, pathogenic mycobacteria enter
macrophages by a complement receptor 3-
independent pathway, in contrast to myco-
bacteria uptake in vitro. M. avium, grown in
macrophages (IG) for 3 or more days, invade
fresh macrophages by a macropinocytosis-



like mechanism, in contrast to bacteria
grown in media (EG), confirmed by the in-
hibitory effect of wortmannin, an inhibitor of
phosphoinoside-3-kinase, on the uptake of IG,
but not EG, by macrophages. The IG pheno-
type was seen in vacuoles with lower pH
than those inhabited by the EG phenotype.
Incubation of macrophages with bafilomycin
A1, an inhibitor of vacuole acidification, de-
creased the viability of intracellular IG, but
not EG, phenotype, suggesting the impor-
tance of an acidic environment for the regu-
lation of IG genes. In addition, the percent-
age of vacuoles that incorporate and retain
LAMP-1 is smaller with EG than with IG
bacteria. The formation of M. avium
macropinosomes was also shown to be inde-
pendent of microtubules. These data suggest
that uptake of extracellular fluid is part of M.
avium IG phenotype uptake by macro-
phages, and that the IG phenotype inhabits
a slightly different vacuole than that of
EG.—Authors’Abstract

Cosma, C. L., Humbert, O., and Ra-
makrishnan, L. Superinfecting myco-
bacteria home to established tuberculous
granulomas. Nat. Immunol. 5(8) (2004)
828–835. Epub 2004 Jun 27. Comment
in: Nat. Immunol. 5(8) (2004) 778–779.

Acentral paradox of tuberculosis immunity
is that reinfection and bacterial persistence
occur despite vigorous host immune re-
sponses concentrated in granulomas, which
are organized structures that form in response
to infection. Prevailing models attribute rein-
fection and persistence to bacterial avoidance
of host immunity via establishment of infec-
tion outside primary granulomas. Alterna-
tively, persistence is attributed to a gradual
bacterial adaptation to evolving host immune
responses. We show here that superinfecting
Mycobacterium marinum traffic rapidly into
preexisting granulomas, including their
caseous (necrotic) centers, through specific
mycobacterium-directed and host cell-
mediated processes, yet adapt quickly to
persist long term therein. These findings
demonstrate a failure of established granu-
lomas, concentrated foci of activated macro-
phages and antigen-specific immune effec-
tor cells, to eradicate newly deposited

mycobacteria not previously exposed to host
responses.—Authors’Abtract

Durai, M., Kim, H. R., and Moudgil, K.
D. The regulatory C-terminal determi-
nants within mycobacterial heat shock
protein 65 are cryptic and cross-reactive
with the dominant self homologs: impli-
cations for the pathogenesis of autoim-
mune arthritis. J. Immunol. 173(1) (2004)
181–188.

The 65-kDa mycobacterial heat shock
protein (Bhsp65) has been invoked in the
pathogenesis of both adjuvant arthritis (AA)
in the Lewis rat (RT.1(l)) and human
rheumatoid arthritis. Arthritic Lewis rats in
the late phase of AA show diversification of
the T cell response to Bhsp65 C-terminal de-
terminants (BCTD), and pretreatment of
naive Lewis rats with a mixture of peptides
representing these neoepitopes affords pro-
tection against AA. However, the fine speci-
ficity and physiologic significance of the
BCTD-directed T cell repertoire, and the
role of homologous self (rat) hsp65
(Rhsp65), if any, in spreading of the T cell
response to Bhsp65 have not yet been ex-
amined. We observed that T cells primed by
peptides comprising BCTD can adoptively
transfer protection against AA to the recipi-
ent Lewis rats. However, these T cells can be
activated by preprocessed (peptide) form of
BCTD, but not native Bhsp65, showing that
BCTD are cryptic epitopes. The BCTD-
reactive T cells can be activated by the nat-
urally generated (dominant) C-terminal epi-
topes of both exogenous and endogenous
Rhsp65 and vice versa. Furthermore, certain
individual peptides constituting BCTD and
their self homologs can also induce protec-
tion against AA. These results support a
model for the diversification of T cell re-
sponse to Bhsp65 during the course of AA
involving up-regulation of the display of
cryptic BCTD coupled with spontaneous in-
duction of T cell response to the cross-
reactive dominant C-terminal epitopes of
Rhsp65. The identification of disease-
regulating cryptic determinants in Ags im-
plicated in arthritis provides a novel ap-
proach for immunotherapy of rheumatoid
arthritis.—Authors’Abstract
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Fischer, K., Scotet, E., Niemeyer, M., Koe-
bernick, H., Zerrahn, J., Maillet, S.,
Hurwitz, R., Kursar, M., Bonneville,
M., Kaufmann, S. H., and Schaible, U.
E. Mycobacterial phosphatidylinositol
mannoside is a natural antigen for CD1d-
restricted T cells. Proc. Natl. Acad. Sci.
U.S.A. 101(29) (2004) 10685–10690.
Epub 2004 Jul 08.

A group of T cells recognizes glycolipids
presented by molecules of the CD1 family.
The CD1d-restricted natural killer T cells
(NKT cells) are primarily considered to be
self-reactive. By employing CD1d-binding
and T cell assays, the following structural
parameters for presentation by CD1d were
defined for a number of mycobacterial and
mammalian lipids: two acyl chains facili-
tated binding, and a polar head group was
essential for T cell recognition. Of the my-
cobacterial lipids tested, only a phos-
phatidylinositol mannoside (PIM) fulfilled
the requirements for CD1d binding and
NKT cell stimulation. This PIM activated
human and murine NKT cells via CD1d,
thereby triggering antigen-specific IFN-
gamma production and cell-mediated cyto-
toxicity, and PIM-loaded CD1d tetramers
identified a subpopulation of murine and
human NKT cells. This phospholipid, there-
fore, represents a mycobacterial antigen rec-
ognized by T cells in the context of
CD1d.—Authors’Abstract

Kudo, K., Sano, H., Takahashi, H.,
Kuronuma, K., Yokota, S., Fujii, N.,
Shimada, K., Yano, I., Kumazawa, Y.,
Voelker, D. R., Abe, S., and Kuroki, Y.
Pulmonary collectins enhance phagocy-
tosis of Mycobacterium avium through
increased activity of mannose receptor. J.
Immunol. 172(12) (2004) 7592–7602.

Collectins, including surfactant proteins A
(SP-A) and D (SP-D) and mannose binding
lectin (MBL), are the important constituents
of the innate immune system. Mycobacte-
rium avium, a facultative intracellular patho-
gen, has developed numerous mechanisms
for entering mononuclear phagocytes. In this
study, we investigated the interactions of col-
lectins with M. avium and the effects of these

lectins on phagocytosis of M. avium by
macrophages. SP-A, SP-D, and MBL exhib-
ited a concentration-dependent binding to M.
avium. The binding of SP-A to M. avium
was Ca(2+)-dependent but that of SP-D and
MBL was Ca(2+)-independent. SP-A and
SP-D but not MBL enhanced the phagocy-
tosis of FITC-labeled M. avium by rat alve-
olar macrophages and human monocyte-
derived macrophages. Excess mannan,
zymosan, and lipoarabinomannan derived
from the M. avium-intracellular complex, sig-
nificantly decreased the collectin-stimulated
phagocytosis of M. avium. Enhanced phago-
cytosis was not affected by the presence of
cycloheximide or chelation of Ca(2+). The
mutated collectin, SP-A(E195Q, R197D)
exhibited decreased binding to M. avium but
stimulated phagocytosis to a level compara-
ble to wild-type SP-A. Enhanced phagocy-
tosis by cells persisted even after preincu-
bation and removal of SP-A or SP-D. Rat
alveolar macrophages that had been incu-
bated with SP-A or SP-D also exhibited en-
hanced uptake of (125)I-mannosylated BSA.
Analysis by confocal microscopy and flow
cytometry revealed that the lung collectins
up-regulated the cell surface expression of
mannose receptor on monocyte-derived
macrophages. These results provide com-
pelling evidence that SP-A and SP-D en-
hance mannose receptor-mediated phago-
cytosis of M. avium by macrophages.—
Authors’Abstract

Luo, Y., Yamada, H., Chen, X., Ryan, A.
A., Evanoff, D. P., Triccas, J. A., and
O’Donnell, M. A. Recombinant Myco-
bacterium bovis bacillus Calmette- Guérin
(BCG) expressing mouse IL-18 aug-
ments Th1 immunity and macrophage cy-
totoxicity. Clin. Exp. Immunol. 137(1)
(2004) 24–34.

Interleukin-18 (IL-18) has been demon-
strated to synergize with BCG for induction
of a T-helper-type 1 (Th1) immune re-
sponse. Since successful treatment of super-
ficial bladder cancer with BCG requires
proper induction of Th1 immunity, we have
developed a recombinant (r) BCG strain that
functionally secretes mouse (m) IL-18. This
rBCG-mIL-18 strain significantly increased
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production of the major Th1 cytokine IFN-
gamma in splenocyte cultures, at levels
comparable to that elicited by control BCG
plus exogenous rIL-18. IFN-gamma pro-
duction by splenocytes was eliminated by
addition of neutralizing anti-IL-18 antibody.
Endogenous IL-12 played a favorable role
whereas IL-10 played an adverse role in
rBCG-mIL-18-induced IFN-gamma pro-
duction. Enhanced host antimycobacterial
immunity was observed in mice infected
with rBCG-mIL-18 which showed less
splenic enlargement and reduced bacterial
load compared to control mice infected with
BCG. Further, splenocytes from rBCG-
mIL-18-infected mice, in response to BCG
antigen, displayed increased production of
IFN-gamma and GMCSF, decreased pro-
duction of IL-10, elevated cellular prolifer-
ation and higher differentiation of IFN-
gamma-secreting cells. rBCG-mIL-18 also
enhanced BCG-induced macrophage cyto-
toxicity against bladder cancer MBT-2 cells
in a dose-dependent manner. Neutralizing
all endogenous macrophage-derived cy-
tokines tested (IL-12, IL-18 and TNF-alpha)
as well as IFN-gamma severely diminished
the rBCG-mIL-18-induced macrophage cy-
tolytic activity, indicating a critical role for
these cytokines in this process. Cytokine
analysis for supernatants of macrophage-
BCG mixture cultures manifested higher
levels of IFN-gamma and TNF-alpha in
rBCG-mIL-18 cultures than in control BCG
cultures. Taken together, this rBCG-mIL-18
strain augments BCG’s immunostimulatory
property and may serve as a better agent for
bladder cancer immunotherapy and antimy-
cobacterial immunization.—Authors’ Ab-
stract

Mendez-Samperio, P., Palma-Barrios, J.,
Vazquez-Hernandez, A., and Garcia-
Martinez, E. Secretion of interleukin-8
by human-derived cell lines infected with
Mycobacterium bovis. Mediators In-
flamm. 13(1) (2004) 45–49.

BACKGROUND: The variable efficacy
of bacillus Calmette-Guérin (Mycobacte-
rium bovis BCG) in protecting humans
against tuberculosis has prompted a search
for the mechanisms through which BCG in-
duces chemokines. In this study, our exper-

iments were designed to determine the role
of the transcription factor nuclear factor-
kappaB (NF-kappaB) and intracellular cal-
cium in the production of interleukin (IL)-8,
a main chemotactic factor, by human-derived
monocytic cell line U937 and by a human
epithelial HEp-2 cell line infected with M.
bovis BCG. METHODS: The concentra-
tions of IL-8 in culture supernatants of U937
cells or HEp-2 cells infected with M. bovis
BCG were determined by enzyme-linked im-
munosorbent assay. We used sulfasalazine
and curcumin, which are well-described in-
hibitors of NF-kappaB activity, and we used
ethylenediamine tetraacetic acid to deplete ex-
tracellular Ca2+ or used the cell-permeable
agent 1,2-bis (2-aminophenoxy) ethane-
N,N,N′,N′-tetraacetic acid tetra (acetoxy-
methyl) ester to chelate releasable intracel-
lular stores of Ca2+ in order to investigate
the mechanisms through which M. bovis
BCG induces IL-8 secretion in our system.
RESULTS: The enzyme-linked immunosor-
bent assay showed that IL-8 protein secretion
was elevated in M. bovis-infected cell lines.
This effect was statistically significant (p
<0.01). When calcium influx was sup-
pressed in M. bovis-infected cell lines, IL-8
secretion was inhibited. Notably, specific in-
hibitors of NF-kappaB (sulfasalazine and
curcumin) inhibited M. bovis-induced IL-8
secretion from U937 cells or HEp-2 cells.
CONCLUSIONS: Collectively, these results
indicate that activation of NF-kappaB is an
important signal transduction pathway in M.
bovis-induced IL-8 secretion in monocytic
or epithelial cells. Furthermore, the results
showed that calcium influx had a direct
effect on IL-8 secretion in U937 cells or
HEp-2 cells infected with M. bovis.—Au-
thors’Abstract

Miyamoto, Y., Mukai, T., Takeshita, F.,
Nakata, N., Maeda, Y., Kai, M., and
Makino, M. Aggregation of mycobacte-
ria caused by disruption of fibronectin-at-
tachment protein-encoding gene. FEMS
Microbiol. Lett. 236(2) (2004) 227–234.

The fibronectin-attachment protein (FAP)
is conserved among several species of my-
cobacteria. Although this protein is associ-
ated with attachment and internalization of
bacteria to host cells via fibronectin, the
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physiological role of the protein still re-
mains unclear. To investigate this point, we
generated FAP gene disruptant in Mycobac-
terium smegmatis. The gene disruption, ver-
ified by Southern blot and PCR analysis, in-
duced changes on the bacteria, which are
associated with strong aggregation and al-
teration of cell surface properties. Increased
hydrophobicity and Congo red accumula-
tion was observed in the FAP gene dis-
ruptant. In addition, the complementation
experiment demonstrated that the corre-
sponding gene restored wild type morphol-
ogy in the disruptant. These results indicate
that the FAP affects the cell surface proper-
ties, and its deletion lead to enhanced ag-
gregation of the M. smegmatis.—Authors’
Abstract

Pietersen, R., Thilo, L., and de Chastel-
lier, C. Mycobacterium tuberculosis and
Mycobacterium avium modify the com-
position of the phagosomal membrane in
infected macrophages by selective deple-
tion of cell surface-derived glycoconju-
gates. Eur. J. Cell. Biol. 83(4) (2004)
153–158.

The growth of pathogenic mycobacteria
in phagosomes of the host cell correlates
with their ability to prevent phagosome mat-
uration. The underlying molecular mecha-
nism remains elusive. In a previous study,
we have shown that Mycobacterium avium
depletes the phagosome membrane of cell
surface-derived glycoconjugates (de Chas-
tellier and Thilo, Eur. J. Cell Biol. 81,
17–25, 2002). We now extended these quan-
titative observations to the major human
pathogen, Mycobacterium tuberculosis
(H37Rv). At increasing times after infection
of mouse bone marrow-derived macro-
phages, cell-surface glycoconjugates were
labelled enzymatically with [3H]galactose.
Subsequent endocytic membrane traffic re-
sulted in a redistribution of this label from
the cell surface to endocytic membranes, in-
cluding phagosomes. The steady-state dis-
tribution was measured by quantitative au-
toradiography at the electron microscope
level. Relative to early endosomes, with
which phagosomes continued to fuse and
rapidly exchange membrane constituents,
the phagosome membrane was depleted

about 3-fold, starting during infection and in
the course of 9 days thereafter. These results
were in quantitative agreement with our pre-
vious observations for Mycobacterium
avium. For the latter case, we now showed
by cell fractionation that the depletion was
selective, mainly involving glycoproteins in
the 110–210 kDa range. Together, these re-
sults indicated that pathogenic mycobacte-
ria induced and maintained a bulk change in
phagosome membrane composition that
could be of special relevance for survival of
pathogenic mycobacteria within phago-
somes.—Authors’Abstract

Pozos, T. C., and Ramakrishan, L. New
models for the study of Mycobacterium-
host interactions. Curr. Opin. Immunol.
16(4) (2004) 499–505.

The outcome of Mycobacterium infection
is determined by a series of complex inter-
actions between the bacteria and host im-
munity. Traditionally, mammalian models
and cultured cells have been used to study
these interactions. Recently, ameba (Dic-
tyostelium), fruit flies (Drosophila) and ze-
brafish, amenable to forward genetic
screens, have been developed as models for
mycobacterial pathogenesis. Infection of
these hosts with mycobacteria has allowed
the dissection of intracellular trafficking
pathways (Dictyostelium) and the roles of
phagocytic versus antimicrobial peptide re-
sponses (Drosophila). Real-time visualiza-
tion of the optically transparent zebrafish
embryo/larva has elucidated mechanisms by
which Mycobacterium-infected leukocytes
migrate and subsequently aggregate into
granulomas, the hallmark pathological struc-
tures of tuberculosis.—Authors’Abstract

Quesniaux, V., Fremond, C., Jacobs, M.,
Parida, S., Nicolle, D., Yeremeev, V.,
Bihl, F., Erard, F., Botha, T., Drennan,
M., Soler, M. N., Le Bert, M., Schny-
der, B., and Ryffel, B. Toll-like receptor
pathways in the immune responses to
mycobacteria. Microbes Infect. 6(10)
(2004) 946–959.

The control of Mycobacterium tuberculo-
sis infection depends on recognition of the
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pathogen and the activation of both the in-
nate and adaptive immune responses. Toll-
like receptors (TLR) were shown to play a
critical role in the recognition of several
pathogens. Mycobacterial antigens recog-
nise distinct TLR resulting in rapid activa-
tion of cells of the innate immune system.
Recent evidence from in vitro and in vivo in-
vestigations, summarized in this review
demonstrates TLR-dependent activation of
innate immune response, while the induc-
tion of adaptive immunity to mycobacteria
may be TLR independent.—Authors’ Ab-
stract

Rambukkana, A. Mycobacterium leprae-
induced demyelination: a model for early
nerve degeneration. Curr. Opin. Im-
munol. 16(4) (2004) 511–518.

The molecular events that occur at the
early phase of many demyelinating neu-
rodegenerative diseases are unknown. A re-
cent demonstration of rapid demyelination
and axonal injury induced by Mycobacte-
rium leprae provides a model for elucidat-
ing the molecular events of early nerve de-
generation which might be common to
neurodegenerative diseases of both infec-
tious origin and unknown etiology. The
identification of the M. leprae-targeted
Schwann cell receptor, dystroglycan, and its
associated molecules in myelination, de-
myelination and axonal functions suggests a
role for these molecules in early nerve de-
generation.—Author’s Abstract

Reed, M. B., Domenech, P., Manca, C.,
Su, H., Barczak, A. K., Kreiswirth, B.
N., Kaplan, G., and Barry, C. E. 3rd. A
glycolipid of hypervirulent tuberculosis
strains that inhibits the innate immune re-
sponse. Nature. 431(7004) (2004) 84–87.

Fifty million new infections with Myco-
bacterium tuberculosis occur annually,
claiming 2–3 million lives from tuberculo-
sis worldwide. Despite the apparent lack of
significant genetic heterogeneity between
strains of M. tuberculosis, there is mounting
evidence that considerable heterogeneity ex-
ists in molecules important in disease patho-
genesis. These differences may manifest in

the ability of some isolates to modify the
host cellular immune response, thereby con-
tributing to the observed diversity of clini-
cal outcomes. Here we describe the identifi-
cation and functional relevance of a highly
biologically active lipid species-a polyketide
synthase-derived phenolic glycolipid (PGL)
produced by a subset of M. tuberculosis iso-
lates belonging to the W-Beijing family that
show “hyperlethality” in murine disease
models. Disruption of PGL synthesis results
in loss of this hypervirulent phenotype with-
out significantly affecting bacterial load dur-
ing disease. Loss of PGL was found to cor-
relate with an increase in the release of the
pro-inflammatory cytokines tumour-necrosis
factor-alpha and interleukins 6 and 12 in
vitro. Furthermore, the overproduction of
PGL by M. tuberculosis or the addition of
purified PGL to monocyte-derived macro-
phages was found to inhibit the release of
these pro-inflammatory mediators in a dose-
dependent manner.—Authors’Abstract

Rook, G. A., Hernandez-Pando, R.,
Dheda, K., and Teng Seah, G. IL-4 in
tuberculosis: implications for vaccine
design. Trends Immunol. 25(9) (2004)
483–488.

Current attempts to find a vaccine for tu-
berculosis (TB) are based on the assumption
that it must drive a Th1 response. We review
the evidence that progressive disease might
not be due to absence of Th1, but rather to
the subversive effect of an unusual Th2-like
response, involving interleukin-4 (IL-4) and
IL-4delta2. This Th2-like response can im-
pair bactericidal function and lead to toxic-
ity of tumour necrosis factor-alpha (TNF-
alpha) and to pulmonary fibrosis. If this is
important, effective vaccines will need to
suppress pre-existing Th2-like activity. Such
vaccines are feasible and are active thera-
peutically in mouse TB.—Authors’Abstract

Sendide, K., Deghmane, A. E., Reyrat, J.
M., Talal, A., and Hmama, Z. Myco-
bacterium bovis BCG urease attenuates
major histocompatibility complex class II
trafficking to the macrophage cell sur-
face. Infect. Immun. 72(7) (2004) 4200–
4209.
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We have previously shown that Myco-
bacterium tuberculosis attenuates cell sur-
face expression of major histocompatibility
complex class II molecules in response to
gamma interferon (IFN-gamma) by a mech-
anism dependent on intracellular sequestra-
tion of alpha,beta dimers. In this study we
examined whether intracellular alkaliniza-
tion due to mycobacterial urease could ac-
count for the defect in intracellular traffick-
ing of class II molecules. Phagocytosis of
wild-type Mycobacterium bovis BCG was
associated with secretion of ammonia intra-
cellularly, which increased substantially
upon addition of exogenous urea to the cul-
ture medium. Increased intracellular ammo-
nia, due to urea degradation by the bacte-
rium, correlated with inhibition of class II
surface expression. Conversely, no ammo-
nia was detected in cells infected with a
urease-negative mutant strain of M. bovis
BCG, which also displayed a reduced effect
on surface expression of class II molecules.
A direct cause-effect relationship between
urease and class II molecule trafficking was
established with experiments where cells
ingesting beads coated with purified urease
showed an increased ammonia level and
decreased surface expression of class II in
response to IFN-gamma. In contrast to
BCG, infection of macrophages with Myco-
bacterium smegmatis, which expresses rela-
tively greater urease activity in cell-free cul-
ture, had a marginal effect on both the
intracellular level of ammonia and class II
expression. The limited effect of M. smeg-
matis was consistent with a failure to resist
intracellular killing, suggesting that urease
alone is not sufficient to resist macrophage
microbicidal mechanisms and that this is re-
quired for a more distal effect on cell regu-
lation. Our results demonstrate that alkalin-
ization of critical intracellular organelles by
pathogenic mycobacteria expressing urease
contributes significantly to the intracellular

retention of class II dimers.—Authors’ Ab-
stract

Temmerman, S., Pethe, K., Parra, M.,
Alonso, S., Rouanet, C., Pickett, T.,
Drowart, A., Debrie, A. S., Delogu, G.,
Menozzi, F. D., Sergheraert, C., Bren-
nan, M. J., Mascart, F., and Locht, C.
Methylation-dependent T cell immunity
to Mycobacterium tuberculosis heparin-
binding hemagglutinin. Nat. Med. 10(9)
(2004) 935–941. Epub 2004 Aug 08.

Although post-translational modifications
of protein antigens may be important com-
ponenets of some B cell epitopes, the deter-
minants of T cell immunity are generally
nonmodified peptides. Here we show that
methylation of the Mycobacterium tubercu-
losis heparin-binding hemagglutinin (HBHA)
by the bacterium is essential for effective T
cell immunity to this antigen in infected
healthy humans and in mice. Methylated
HBHA provides high levels of protection
against M. tuberculosis challenge in mice,
whereas nonmethylated HBHA does not.
Protective immunity induced by methylated
HBHA is comparable to that afforded by
vaccination with bacille Calmette et Guérin,
the only available anti-tuberculosis vaccine.
Thus, post-translational modifications of
proteins may be crucial for their ability to
induce protective T cell-mediated immunity
against infectious diseases such as tubercu-
losis.—Authors’Abstract

Ziglam, H. M., Daniels, I., and Finch, R.
G. Immunomodulating activity of ri-
fampicin. J. Chemother. 16(4) (2004)
357–361.

See Current Literature, Chemotherapy, p.
515.

72, 4 Current Literature, Immunopathology (Leprosy) 531

Immunopathology (Leprosy)

Alves, L., de Mendonca Lima, L., da Silva
Maeda, E., Carvalho, L., Holy, J.,
Sarno, E. N., Pessolani, M. C., and
Barker, L. P. Mycobacterium leprae in-
fection of human Schwann cells depends
on selective host kinases and pathogen-

modulated endocytic pathways. FEMS
Microbiol. Lett. 238(2) (2004) 429–437.

Mycobacterium leprae, an obligate intra-
cellular pathogen, shows a unique tropism
for Schwann cells (SC). This leads to the pe-



ripheral neuropathy disorder observed in
leprosy. In this study, we investigated signal
transduction events and the intracellular fate
of M. leprae during the interaction of the
microorganism with SC. First, we demon-
strated that the human schwannoma cell line
ST88-14 readily phagocytized the bacteria
as observed by time-lapse microscopy, actin
staining and electron microscopy. The effect
of specific kinase inhibitors on M. leprae in-
ternalization was then investigated showing
that functional protein tyrosine kinase,
calcium-dependent protein kinase and phos-
phatidylinositol 3-kinase, but not cAMP-
dependent protein kinase are essential for
phagocytosis of the bacteria. Similar results
were obtained when irradiated and live bac-
teria were compared and when M. leprae
was pre-coated with recombinant histone-
like-protein/ laminin binding protein, a bac-
terial adhesin. In addition, experiments were
performed to analyze the bacterial traffick-
ing within the endosomal network by label-
ing the acidified intracellular compartments
of M. leprae-infected SC with the Lyso-
tracker acidotrophic probe. Acidification of
vesicles containing live M. leprae was min-
imal in both RAW murine macrophages and
SC, although phagosomes containing heat-
killed bacteria seem to follow normal endo-
cytic maturation. These data indicate that the
invading bacteria interfere with normal en-
docytic pathway maturation of bacteria-
containing phagosomes within SC.—Au-
thors’Abstract

Hagge, D. A., Ray, N. A., Krahenbuhl, J.
L., and Adams, L. B. An in vitro model
for the lepromatous leprosy granuloma:
fate of Mycobacterium leprae from target
macrophages after interaction with nor-
mal and activated effector macrophages.
J. Immunol. 172(12) (2004) 7771–7779.

The lepromatous leprosy granuloma is a
dynamic entity requiring a steady influx of
macrophages (Mphi) for its maintenance.
We have developed an in vitro model to
study the fate of Mycobacterium leprae in a
LL lesion, with and without immunothera-
peutic intervention. Target cells, consisting
of granuloma Mphi harvested from the foot-
pads of M. leprae-infected athymic nu/nu
mice, were cocultured with normal or IFN-

gamma-activated (ACT) effector Mphi. The
bacilli were recovered and assessed for via-
bility by radiorespirometry. M. leprae re-
covered from target Mphi possessed high
metabolic activity, indicating a viable state
in this uncultivable organism. M. leprae re-
covered from target Mphi incubated with
normal effector Mphi exhibited significantly
higher metabolism. In contrast, bacilli re-
covered from target Mphi cocultured with
ACT effector Mphi displayed a markedly
decreased metabolic activity. Inhibition by
ACT Mphi required an E:T ratio of at least
5:1, a coculture incubation period of 3–5
days, and the production of reactive nitrogen
intermediates, but not reactive oxygen in-
termediates. Neither IFN-gamma nor TNF-
alpha were required during the cocultivation
period. However, cell-to-cell contact be-
tween the target and effector Mphi was nec-
essary for augmentation of M. leprae me-
tabolism by normal effector Mphi as well as
for inhibition of M. leprae by ACT effector
Mphi. Conventional fluorescence mi-
croscopy and confocal fluorescence mi-
croscopy revealed that the bacilli from the
target Mphi were acquired by the effector
Mphi. Thus, the state of Mphi infiltrating the
granuloma may markedly affect the viabil-
ity of M. leprae residing in Mphi in the lep-
romatous lesion.—Authors’Abstract

Kang, T. J., Yeum, C. E., Kim, B. C., You,
E. Y., and Chae, G. T. Differential pro-
duction of interleukin-10 and interleukin-
12 in mononuclear cells from leprosy pa-
tients with a Toll-like receptor 2 mutation.
Immunology 112(4) (2004) 674–680.

Toll-like receptor 2 (TLR2) is a key me-
diator of the immune response to mycobac-
terial infections, and mutations in TLR2
have been shown to confer susceptibility to
infection with mycobacteria. This study
investigated the profiles of cytokines, such
as interferon (IFN)-gamma, interleukin 
(IL)-10, IL-12 and tumour necrosis factor
(TNF)-alpha in response to Mycobacterium
leprae in peripheral blood mononuclear
cells (PBMC) with the TLR2 mutation
Arg677Trp, a recently reported polymor-
phism that is associated with lepromatous
leprosy. In leprosy patients with the TLR2
mutation, production of IL-2, IL-12, IFN-
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gamma, and TNF-alpha by M. leprae-
stimulated PBMC were significantly de-
creased compared with that in groups with
wild-type TLR2. However, the cells from
patients with the TLR2 mutation showed
significantly increased production of IL-10.
There was no significant difference in IL-4
production between the mutant and wild-
type during stimulation. Thus, these results
suggest that the TLR2 signal pathway plays
a critical role in the alteration of cytokine
profiles in PBMC from leprosy patients and
the TLR2 mutation Arg677Trp provides a
mechanism for the poor cellular immune re-
sponse associated with lepromatous lep-
rosy.—Authors’Abstract

Kim, B. C., Kang, T. J., Jin, S. H., Kim, S.
K., Lee, S. B., and Chae, G. T. Tissue-
specific down-regulation of RIPK 2 in My-
cobacterium leprae-infected nu/nu mice.
Mediators Inflamm. 13(1) (2004) 51–52.

RIPK 2 is adapter molecule in the signal
pathway involved in Toll-like receptors.
However, there has been no reported asso-
ciation between receptor-interacting serine/
threonine kinase 2 (RIPK 2) expression and
the infectious diseases involving mycobac-
terial infection. This study found that its
expression was down-regulated in the foot-
pads and skin but was up-regulated in the
liver of Mycobacterium leprae-infected
nu/nu mice compared with those of the 
M. leprae non-infected nu/nu mice. It was
observed that the interlukin-12p40 and
interferon-gamma genes involved in the sus-
ceptibility of M. leprae were down-regulated
in the skin but were up-regulated in the liver.
Overall, this suggests that regulation of
RIPK 2 expression is tissue-specifically as-
sociated with M. leprae infection.—Au-
thors’Abstract

Kimura, H., Maeda, Y., Takeshita, F.,
Takaoka, L. E., Matsuoka, M., and
Makino, M. Upregulation of T-cell-
stimulating activity of mycobacteria-
infected macrophages. Scand. J. Immunol.
60(3) (2004) 278–286.

Macrophages are one of the most abundant
host cells to come in contact with mycobacte-

ria. However, the infected macrophages less
efficiently stimulate autologous T cells in
vitro. We investigated the effect of the induc-
tion of phenotypic change of macrophages on
the host cell activities by using Mycobacte-
rium leprae as a pathogen. The treatment of
macrophages with interferon-gamma (IFN-
gamma), GM-CSF and interleukin-4 de-
prived macrophages of CD14 antigen ex-
pression but instead provided them with
CD1a, CD83 and enhanced CD86 antigen
expression. These phenotypic features re-
sembled those of monocyte-derived den-
dritic cells (DC). These macrophage-derived
DC-like cells (MACDC) stimulated autolo-
gous CD4+ and CD8+ T cells when infected
with M. leprae. Further enhancement of the
antigen-presenting function and CD1a ex-
pression of macrophages was observed
when treated with IFN-gamma. The M.
leprae-infected and -treated macrophages
expressed bacterial cell membrane-derived
antigens on the surface and were efficiently
cytolysed by the cell membrane antigen-
specific CD8+ cytotoxic T lymphocytes
(CTL). These results suggest that the induc-
tion of phenotypic changes in macrophages
can lead to the upregulation of host defence
activity against M. leprae.—Authors’ Ab-
stract

Moraes, M. O., Pacheco, A. G.,
Schonkeren, J. J., Vanderborght, P. R.,
Nery, J. A., Santos, A. R., Moraes, M.
E., Moraes, J. R., Ottenhoff, T. H.,
Sampaio, E. P., Huizinga, T. W., and
Sarno, E. N. Interleukin-10 promoter
single-nucleotide polymorphisms as
markers for disease susceptibility and
disease severity in leprosy. Genes
Immun. Epub 2004 Aug 12.

We have determined IL-10 promoter
genotypes of five single-nucleotide poly-
morphisms (SNPs): T-3575A, A-2849G, 
C-2763A, -A-1082G and C-819T. The hap-
lotype frequencies were defined in healthy
subjects compared to leprosy patients, and
analyzed for their occurrence in multi- (MB)
vs paucibacillary (PB) as severe and mild
forms of leprosy, respectively. Haplotypes
defined by three SNP positions (–3575,
–2849 and –2763) captured significant dif-
ferences between controls and patients (p =
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0.04). The haplotype carrying –3575A,
–2849G and –2763C was associated with re-
sistance to leprosy and to the development
of severe forms of the disease using either
a binomial (controls vs. cases, p = 0.005,
OR = 0.35, CI = 0.13–0.91) or ordinal (con-
trols vs PB vs MB, p = 0.006, OR = 0.32, CI
= 0.12–0.83) model. By contrast, the IL-10
haplotype –3575T/–2849A/–2763C was
found to be associated with susceptibility to
leprosy per se (p = 0.027, OR = 2.37, CI =
1.04–5.39), but not leprosy type. The data
suggest that the IL-10 locus contributes to
the outcome of leprosy.—Authors’Abstract

Ohyama, H., Kato, N., Takeuchi, K.,
Soga, Y., Uemura, Y., Nishimura, F.,
and Matsushita, S. Monocytes of dis-
tinct clinical types of leprosy are differ-
entially activated by cross-linking class II
HLA molecules to secrete IL-12. APMIS
112(4–5) (2004) 271–274.

Leprosy is characterized by a wide spec-
trum of clinical features depending on the
individual differences in Th1-type immu-
nity. The objective of this study was to
evaluate whether monocyte activation by
stimulus via class II HLA molecules would
be correlated with the differences in cellu-
lar immune responses among diverse clin-
ical forms of leprosy. IL-1beta and IL-12
productivity in monocyte preparations ob-
tained from PBMCs was estimated in pa-
tients with lepromatous- and tuberculoid-
type leprosy. We found that monocytes
from lepromatous patients produced sig-
nificantly higher (about 4-fold higher)
amounts of IL-12 as compared to in pa-
tients with tuberculoid type of leprosy
when class II HLA molecules were cross-
linked with anti-HLA class II antibodies,
whereas almost equal amounts of IL-1beta
were produced from each monocyte prepa-
ration by stimulus via class II HLA mole-
cules regardless of the clinical form of lep-
rosy. These results suggest that monocyte
activation differs between lepromatous and
tuberculoid patients in terms of IL-12 se-
cretion, which might be related to indi-
vidual differences in the cellular immune
responses according to the clinical type of
leprosy.—Authors’ Abstract

Reddy, Y. N., Murthy, S. V., Krishna, D.
R., and Prabhakar, M. C. Oxidative
stress and anti-oxidant status in leprosy
patients. Indian J. Lepr. 75(4) (2003)
307–316.

Severe oxidative stress has been reported
in leprosy patients because of malnutrition
and poor immunity. The purpose of this
study was to investigate the serum lipid per-
oxidation products, serum LDH and impor-
tant free radical scavenging enzymes, i.e.
superoxide dismutase (SOD), and catalase
and anti-oxidant glutathione levels and total
anti-oxidant status, in different types of lep-
rosy patients. The subjects for this study
were normal human volunteers (NHVs, N =
14), paucibacillary leprosy patients (PB, N
= 18), untreated MB patients (MB1, N =
18), MB patients under treatment (MB2, N
= 19), and MB patients released from treat-
ment (RFT) (MB3, N = 28). The levels of
lipid peroxidation product, malondialdehyde
(MDA), and LDH increased significantly (p
<0.001) in MB (MB1, MB2, MB3) patients,
and both gradually decreased with clinical
improvement following MDT. The levels of
SOD, catalase and glutathione, and the total
anti-oxidant status decreased significantly in
MB (MB1, MB2, MB3) patients (p <0.001),
in comparison with NHVs. They gradually
increased with clinical improvement with
MDT. There was no significant variation of
these parameters in PB leprosy patients in
comparison with healthy volunteers. High
free radical activity and low anti-oxidant
levels observed in MB (MB1, MB2, MB3)
leprosy patients indicate that there is an ox-
idative stress in MB cases, irrespective of
the treatment status and suggest a suitable
anti-oxidant therapy to prevent possible tis-
sue injury.—Authors’Abstract

Walsh, D. S., Lane, J. E., Abalos, R. M.,
and Myint, K. S. TUNEL and limited
immunophenotypic analyses of apoptosis
in paucibacillary and multibacillary lep-
rosy lesions. FEMS Immunol. Med. Mi-
crobiol. 41(3) (2004) 265–269.

Some mycobacterial infections, such as
tuberculosis, are characterized by apoptosis
of infected or by-stander mononuclear im-
mune cells. For localized (paucibacillary,
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PB) and disseminated (multibacillary, MB)
leprosy, characterized by polarized Th1-like
vs. Th2-like immune responses, respec-
tively, little is known about lesional apop-
tosis. We analyzed sections of paraffin-
embedded, untreated leprosy lesions from
21 patients by an indirect immunofluores-
cent terminal deoxynucleotide-transferase-
mediated dUTP-digoxigenin nick end
labeling (TUNEL) assay. Some TUNEL
(+) PB sections were then reacted with
phycoerythrin-conjugated (red) antibodies
against T cells, monocytes, or antigen-pre-
senting (Langerhans) cells. TUNEL (+)
bodies were detected in 9 of 16 PB lesions
(56%) and in 1 of 5 MB lesions (20%).
Some TUNEL (+) bodies in PB disease
were CD3+ (T cell), as well as CD4+ 
(T-helper) or CD8+ (T-cytotoxic). Apopto-
sis characterizes PB and MB leprosy le-
sions and may be more frequent in PB dis-
ease. In PB disease, some TUNEL (+)
bodies may derive from T cells.—Authors’
Abstract

Yamashita, Y., Maeda, Y., Takeshita, F.,
Brennan, P. J., and Makino, M. Role of
the polypeptide region of a 33kDa myco-
bacterial lipoprotein for efficient IL-12

production. Cell. Immunol. 229(1) (2004)
13–20.

Mycobacterium leprae lipoprotein, LpK,
induced IL-12 production from human
monocytes. To determine the components
essential for cytokine production and the
relative role of lipidation in the activation
process, we produced lipidated and non-
lipidated truncated forms of LpK. While 0.5
nM of lipidated LpK-a having N-terminal
60 amino acids of LpK produced more than
700 pg/ml IL-12 p40, the non-lipidated
LpK-b having the same amino acids as that
of LpK-a required more than 20nM of the
protein to produce an equivalent dose of
cytokine. Truncated protein having the 
C-terminal 192 amino acids of LpK did not
induce any cytokine production. Fifty
nanomolar of the synthetic lipopeptide of
LpK produced only about 200pg/ml IL-12.
Among the truncated LpK, only LpK-a and
lipopeptide stimulated NF-kB-dependent re-
porter activity in TLR-2 transfectant. How-
ever, when monocytes were stimulated with
lipopeptide in the presence of non-lipidated
protein, they produced IL-12 synergistically.
Therefore, both peptide regions of LpK and
lipid residues are necessary for efficient IL-
12 production.—Authors’Abstract
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Banerjee, S., Nandyala, A., Podili, R., Ka-
toch, V. M., Murthy, K. J., and Has-
nain, S. E. Mycobacterium tuberculosis
(Mtb) isocitrate dehydrogenases show
strong B cell response and distinguish
vaccinated controls from TB patients.
Proc. Natl. Acad. Sci. U.S.A. 101(34)
(2004) 12652–12657. Epub 2004 Aug 16.

Proteins released from Mycobacterium tu-
berculosis (Mtb) during late logarithmic
growth phase are often considered candidate
components of immunogenic or autolysis
markers. One such protein is isocitrate de-
hydrogenase (ICD), a key regulatory en-
zyme in the citric acid cycle. We have eval-
uated the immunogenic properties of two
isoforms of Mtb ICD and compared them

with the control antigens heat-shock protein
60 and purified protein derivative (PPD).
PPD lacks the sensitivity to distinguish be-
tween bacillus Calmette-Guérin (BCG)-vac-
cinated and tuberculosis (TB)-infected
populations, and, therefore, epidemiological
relevance of PPD in BCG-vaccinated re-
gions is debatable. We show that Mtb ICDs
elicit a strong B cell response in TB-infected
populations and can differentiate between
healthy BCG-vaccinated populations and
those with TB. The study population (N =
215) was categorized into different groups,
namely, patients with fresh infection (N =
42), relapsed TB cases (N = 32), patients
with extrapulmonary TB (N = 35), clinically
healthy donors (N = 44), nontuberculous
mycobacteria patients (N = 30), and non-TB



patients (culture negative for acid-fast bac-
teria but carrying other infections, N = 32).
The Mtb ICDs showed statistically signifi-
cant antigenic distinction between healthy
BCG-vaccinated controls and TB patients (p
<0.0001) and those with other infections.
Although extrapulmonary infections could
not be discriminated from healthy controls
by heat-shock protein 60 (p = 0.2177), in-
terestingly, the Mtb ICDs could significantly
(p <0.0001) do so. Our results highlight the
immunodominant, immunosensitive, and
immunospecific nature of Mtb ICDs and
point to an unusual property of this tricar-
boxylic acid energy cycle enzyme.—Au-
thors’Abstract

Boshoff, H. I., Myers, T. G., Copp, B. R.,
McNeil, M. R., Wilson, M. A., Barry,
C. E. 3rd. The transcriptional responses
of Mycobacterium tuberculosis to in-
hibitors of metabolism: novel insights
into drug mechanisms of action. J. Biol.
Chem. 279(38) (2004) 40174–40184.
Epub 2004 Jul 09.

The differential transcriptional response
of Mycobacterium tuberculosis to drugs and
growth-inhibitory conditions was monitored
to generate a data set of 430 microarray pro-
files. Unbiased grouping of these profiles in-
dependently clustered agents of known
mechanism of action accurately and was
successful at predicting the mechanism of
action of several unknown agents. These
predictions were validated biochemically
for two agents of previously uncategorized
mechanism, pyridoacridones and pheno-
thiazines. Analysis of this data set further re-
vealed 150 underlying clusters of coordi-
nately regulated genes offering the first
glimpse at the full metabolic potential of this
organism. A signature subset of these gene
clusters was sufficient to classify all known
agents as to mechanism of action. Tran-
scriptional profiling of both crude and puri-
fied natural products can provide critical
information on both mechanism and detox-
ification prior to purification that can be
used to guide the drug discovery process.
Thus, the transcriptional profile generated
by a crude marine natural product recapitu-
lated the mechanistic prediction from the
pure active component. The underlying gene

clusters further provide fundamental in-
sights into the metabolic response of bacte-
ria to drug-induced stress and provide a ra-
tional basis for the selection of critical
metabolic targets for screening for new
agents with improved activity against this
important human pathogen.—Authors’ Ab-
stract

Briken, V., Porcelli, S. A., Besra, G. S.,
and Kremer, L. Mycobacterial lipoara-
binomannan and related lipoglycans:
from biogenesis to modulation of the im-
mune response. Mol. Microbiol. 53(2)
(2004) 391–403.

The cell wall component lipoarabino-
mannan (ManLAM) from Mycobacterium
tuberculosis is involved in the inhibition of
phagosome maturation, apoptosis and inter-
feron (IFN)-gamma signalling in macro-
phages and interleukin (IL)-12 cytokine se-
cretion of dendritic cells (DC). All these
processes are important for the host to
mount an efficient immune response. Con-
versely, LAM isolated from non-pathogenic
mycobacteria (PILAM) have the opposite
effect, by inducing a potent proinflammatory
response in macrophages and DCs. LAMs
from diverse mycobacterial species differ in
the modification of their terminal arabinose
residues. The strong proinflammatory re-
sponse induced by PILAM correlates with
the presence of phospho-myo-inositol on the
terminal arabinose. Interestingly, recent
work indicates that the biosynthetic precur-
sor of LAM, lipomannan (LM), which is
also present in the cell wall, displays strong
proinflammatory effects, independently of
which mycobacterial species it is isolated
from. Results from in vitro assays and
knock-out mice suggest that LM, like
PILAM, mediates its biological activity via
Toll-like receptor 2. We hypothesize that the
LAM/LM ratio might be a crucial factor in
determining the virulence of a mycobacte-
rial species and the outcome of the infection.
Recent progress in the identification of
genes involved in the biosynthesis of LAM
is discussed, in particular with respect to the
fact that enzymes controlling the LAM/LM
balance might represent targets for new anti-
tubercular drugs. In addition, inactivation of
these genes may lead to attenuated strains of
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M. tuberculosis for the development of new
vaccine candidates.—Authors’Abstract

Chua, J., and Deretic, V. Mycobacterium
tuberculosis reprograms waves of phos-
phatidylinositol 3-phosphate on phago-
somal organelles. J. Biol. Chem. 275(35)
(2004) 36982–36992. Epub 2004 Jun 21.

The potent human pathogen Mycobacte-
rium tuberculosis persists in macrophages
within a specialized, immature phago-
some by interfering with the pathway of
phagolysosome biogenesis. The molecular
mechanisms underlying this process remain
to be fully elucidated. Here, using four-
dimensional microscopy, we detected on
model phagosomes, which normally mature
into phagolysosomes, the existence of cyclical
waves of phosphatidylinositol 3-phosphate
(PI3P), a membrane trafficking regulatory
lipid essential for phagosomal acquisition of
lysosomal characteristics. We show that my-
cobacteria interfere with the dynamics of
PI3P on phagosomal organelles by altering
the timing and characteristics of the PI3P
waves on phagosomes. The default program
of cyclical PI3P waves on model phago-
somes is composed of an initial stage (phase
I), represented by a strong PI3P burst oc-
curring only upon the completion of phago-
some formation, and a subsequent stage
(phase II) of recurring PI3P waves on ma-
turing phagosomes with the average perio-
dicity of 20 min. Mycobacteria alter this
program in two ways: (i) by inducing, in a
cholesterol-dependent fashion, a neophase
I* of premature PI3P production, coinciding
with the process of mycobacterial entry into
the macrophage, and (ii) by inhibiting the
calmodulin-dependent phase II responsible
for the acquisition of lysosomal characteris-
tics. We conclude that the default pathway
of phagosomal maturation into the phago-
lysosome includes temporally organized
cyclical waves of PI3P on phagosomal
membranes and that this process is targeted
for reprogramming by mycobacteria as they
prevent phagolysosome formation.—Au-
thors’Abstract

Ciaramella, A., Cavone, A., Santucci, M.
B., Garg, S. K., Sanarico, N., Bocchino,

M., Galati, D., Martino, A., Auricchio,
G., D’Orazio, M., Stewart, G. R., Ney-
rolles, O., Young, D. B., Colizzi, V., and
Fraziano, M. Induction of apoptosis and
release of interleukin-1 beta by cell wall-
associated 19-kDa lipoprotein during the
course of mycobacterial infection. J. In-
fect. Dis. 190(6) (2004) 1167–1176. Epub
2004 Aug. 11.

Mycobacterium tuberculosis induces apop-
tosis in human monocyte-derived macro-
phages (MDMs) during the early stages of
infection. We investigated the proapoptotic
role of cell wall-associated mycobacterial 19-
kDa lipoprotein and the possible association
between 19-kDa lipoprotein signaling and
production of proinflammatory cytokines. Pu-
rified mycobacterial 19-kDa lipoprotein, 19-
kDa lipoprotein-expressing M. smegmatis (M.
smegmatis 19+), 19-kDa lipoprotein knock-
out (KO) M. tuberculosis, and 19-kDa
lipoprotein KO M. bovis bacille Calmette-
Guerin (BCG) strains were analyzed for their
ability to induce apoptosis in MDMs. The 19-
kDa lipoprotein and infection with M. smeg-
matis 19+ induced apoptosis in MDMs. M.
tuberculosis and BCG KO strains had signif-
icantly decreased abilities to induce apoptosis.
The 19-kDa lipoprotein proapoptotic signal
was mediated by Toll-like receptor 2 but not
by tumor necrosis factor-alpha. Only the re-
lease of interleukin (IL)-1 beta was decreased
after infection with 19-kDa lipoprotein KO
strains. These findings indicate that the 19-
kDa lipoprotein is the main signal required to
trigger both apoptosis and the release of IL-1
beta during the early stages of mycobacterial
infection.—Authors’Abstract

Cliff, J. M., Andrade, I. N., Mistry, R.,
Clayton, C. L., Lennon, M. G., Lewis,
A. P., Duncan, K., Lukey, P. T., and
Dockrell, H. M. Differential gene ex-
pression identifies novel markers of
CD4+ and CD8+ T cell activation fol-
lowing stimulation by Mycobacterium tu-
berculosis. J. Immunol. 173(1) (2004)
485–493.

T cell activation in response to antigenic
stimulation is a complex process, involving
changes in the expression level of a large
number of genes. We have used cDNA array
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technology to characterize the differences in
gene expression between human CD4+ and
CD8+ T cells. PBMC from six healthy
donors were stimulated with live Mycobac-
terium tuberculosis, and the gene expression
profiles of each donor’s CD4+ and CD8+ T
cells were analyzed separately. ANOVA re-
vealed 518 genes that were consistently dif-
ferentially expressed between CD4+ and
CD8+ T cells. These differentially expressed
genes include a combination of well-known,
previously characterized genes with a range
of biological functions and unknown in sil-
ico predicted hypothetical genes. Where
possible, the novel genes have been charac-
terized using bioinformatics, and putative
transcription factors, signaling molecules,
transmembrane, and secreted factors have
been identified. A subset of these differen-
tially expressed genes could be exploited as
markers of CD4+ and CD8+ T cell activa-
tion for use in vaccine trials. These observed
differences in the gene expression profile of
CD4+ and CD8+ T cells following activa-
tion by a human pathogen contribute to an
increased understanding of T cell activation
and differentiation and the roles these T cell
subsets may play in immunity to infec-
tion.—Authors’Abstract

Gehring, A. J., Dobos, K. M., Belisle, J. T.,
Harding, C. V., and Boom, W. H. Myco-
bacterium tuberculosis LprG (Rv1411c):
a novel TLR-2 ligand that inhibits human
macrophage class II MHC antigen pro-
cessing. J. Immunol. 173(4) (2004)
2660–2668.

MHC class II (MHC-II)-restricted CD4(+)
T cells are essential for control of Myco-
bacterium tuberculosis infection. This re-
port describes the identification and purifi-
cation of LprG (Rv1411c) as an inhibitor of
primary human macrophage MHC-II Ag
processing. LprG is a 24-kDa lipoprotein
found in the M. tuberculosis cell wall. Pro-
longed exposure (>16 hr) of human macro-
phages to LprG resulted in marked inhibi-
tion of MHC-II Ag processing. Inhibition of
MHC-II Ag processing was dependent on
TLR-2. Short-term exposure (<6 hr) to
LprG stimulated TLR-2-dependent TNF-
alpha production. Thus, LprG can exploit
TLR-2 signaling to inhibit MHC-II Ag

processing in human macrophages. Inhibi-
tion of MHC-II Ag processing by myco-
bacterial lipoproteins may allow M. tuber-
culosis, within infected macrophages, to
avoid recognition by CD4(+) T cells.—Au-
thors’ Abstract

Glatman-Freedman, A., Casadevall, A.,
Dai, Z., Jacobs, W. R. Jr., Li, A., Mor-
ris, S. L., Navoa, J. A., Piperdi, S., Rob-
bins, J. B., Schneerson, R., Schwebach,
J. R., and Shapiro, M. Antigenic evi-
dence of prevalence and diversity of My-
cobacterium tuberculosis arabinoman-
nan. J. Clin. Microbiol. 42(7) (2004)
3225–3231.

Arabinomannan (AM) is a polysaccharide
of the mycobacterial capsule. The capsular
polysaccharides of various microorganisms
are diverse, and this diversity is important
for classification of organisms into serotypes
and vaccine development. In the present
study we examined the prevalence and di-
versity of AM among Mycobacterium tuber-
culosis strains using four AM-binding mono-
clonal antibodies (MAbs). One of these
MAbs, MAb 9d8, is known to bind to AM
specifically. By whole-cell enzyme-linked
immunosorbent assay (ELISA), the AM rec-
ognized by MAb 9d8 was detected on the
surfaces of 9 of 11 strains, while 2 strains
showed no reactivity with MAb 9d8. How-
ever, the AM recognized by MAb 9d8 was
found in the culture supernatants of all 11 M.
tuberculosis strains tested, as demonstrated
by capture ELISA. Other AM-binding MAbs
reacted both with the surfaces and with the
culture supernatants of all 11 strains. Mice
immunized with an experimental AM-
recombinant Pseudomonas aeruginosa exo-
protein A (rEPA) conjugate vaccine had an
increased antibody response to AM and a
moderate reduction in the numbers of CFU
in their organs 7 days after challenge. Our
results indicate that AM was detected in all
M. tuberculosis strains tested, with differ-
ences in epitope distributions of certain
strains. In addition, our results suggest that
an experimental AM-rEPA vaccine has a
moderate effect on the numbers of CFU in
organs early after infection.—Authors’
Abstract
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Guidry, T. V., Olsen, M., Kil, K. S.,
Hunter, R. L. Jr., Geng, Y. J., and
Actor, J. K. Failure of CD1D–/– mice to
elicit hypersensitive granulomas to my-
cobacterial cord factor trehalose 6,6′-
dimycolate. J. Interferon Cytokine Res.
24(6) (2004) 362–371.

The present study defines pathologic dif-
ferences in acute and hypersensitive responses
to Mycobacterium tuberculosis glycolipid tre-
halose-6,6′-dimycolate (TDM, cord factor) in
normal BALB/c mice and those deficient in
group II CD1 molecule CD1d1. Mice immu-
nized against TDM demonstrate hypersensi-
tive responses, yet the mechanisms for TDM
presentation remain elusive. Mice lacking
CD1d (CD1D(–/–)) demonstrate dysregu-
lated granulomatous response to TDM,
compared with CD1D(+/–) heterozygous
controls. Because CD1d-restricted T cells
can regulate macrophage immune functions
at mucosal surfaces, we hypothesized that
CD1D(–/–) mice would show deficient
TDM-induced hypersensitive pulmonary
granulomatous response in which T cells
play a central role. Control CD1D(+/+) mice
sensitized and subsequently challenged with
TDM demonstrated aggressive inflamma-
tion defined by monocytic lesions contained
by CD3(+) lymphocytic cuffing. CD1D(–/–)
mice demonstrated distinctly different
pathologies, with edema present concurrent
with extended, nonfocal mononuclear cell-
based granulomatous reactions. Further-
more, CD1D(–/–) mice did not demonstrate
destructive lesions, and CD3(+) lympho-
cytes were only loosely organized in prox-
imity to reactive pathology. The CD1d-
deficient mice demonstrated rapid increases
in proinflammatory mRNAs, with significant
differences in interferon-gamma (IFN-
gamma) compared to the wild-type group.
IFN-gamma, interleukin-6 (IL-6), and IL-12
proteins were significantly elevated in the
CD1D(–/–) group compared with wild-type
mice (p <0.05) 2 days after TDM challenge.
However, by 7 days postadministration,
similar production for all cytokines and
proinflammatory molecules examined was
present in both groups of mice. These ex-
periments provide evidence for a role for
CD1d in mediation of pathology during hy-
persensitive responses to the mycobacterial
glycolipid TDM.—Authors’Abstract

Haydel, S. E., and Clark-Curtiss, J. E.
Global expression analysis of two-
component system regulator genes during
Mycobacterium tuberculosis growth in
human macrophages. FEMS Microbiol.
Lett. 236(2) (2004) 341–347.

In the Mycobacterium tuberculosis
H37Rv genome, there are 11 paired two-
component regulatory system genes, two or-
phan histidine kinase genes, and six orphan
response regulator genes. Expression of the
17 response regulator genes and the two or-
phan histidine kinase genes during growth
of M. tuberculosis in human peripheral
blood monocyte-derived macrophages has
been analyzed by using cDNA mixtures pre-
pared by the selective capture of transcribed
sequences (SCOTS) technique. SCOTS
probes were prepared from cDNA obtained
from M. tuberculosis grown for 18, 48, and
110 hr in human macrophages. Based on ex-
pression profiles, the regulatory genes were
assigned to three categories: (i) constitu-
tively expressed during growth in macro-
phages (three genes); (ii) differentially ex-
pressed during growth in macrophages (nine
genes) and (iii) no detectable expression
during growth in macrophages (seven
genes).—Authors’Abstract

Islam, N., Kanost, A. R., Teixeira, L.,
Johnson, J., Hejal, R., Aung, H.,
Wilkinson, R. J., Hirsch, C. S., and
Toossi, Z. Role of cellular activation and
tumor necrosis factor-alpha in the early
expression of Mycobacterium tuberculo-
sis 85B mRNA in human alveolar macro-
phages. J. Infect. Dis. 190(2) (2004)
341–351. Epub 2004 Jun 18.

BACKGROUND: Infection of alveolar
macrophages (AMs), which constitute the
first line of defense against Mycobacterium
tuberculosis, initiates an intense interaction
between the host’s innate immune response
and mycobacteria that may assist in the suc-
cessful intracellular parasitism of M. tuber-
culosis. METHODS: Expression of tumor
necrosis factor (TNF)-alpha and M. tuber-
culosis 85B mRNA was studied in M.
tuberculosis-infected AMs, to better delin-
eate the role of macrophages in the early
events in initiation of infection. RESULTS:
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Both TNF- alpha mRNA and M. tuberculo-
sis 85B were induced in AMs; at 24 hr, the
time point of maximum TNF-alpha induc-
tion, the mRNA levels for TNF-alpha and
M. tuberculosis 85B correlated with one an-
other, and induction of either gene corre-
lated strongly with their protein levels. In-
hibition of endogenous TNF-alpha by
soluble (s) TNF receptor (R) I and sTNFRII
reduced expression of both TNF-alpha and
M. tuberculosis 85B. The activation of
nuclear factor-kappa B was found to under-
lie expression of both TNF-alpha and M.
tuberculosis 85B. Exogenous TNF-alpha
was slightly more potent than interleukin
(IL)-6 and granulocyte-macrophage colony-
stimulating factor and was significantly
stronger than IL-1 in inducing expression of
M. tuberculosis 85B. Interestingly, inhibi-
tion of bactericidal mediators, reactive oxy-
gen intermediates (ROIs) and reactive ni-
trogen intermediates (RNIs), reduced
expression of TNF-alpha and M. tuberculo-
sis 85B genes in M. tuberculosis-infected
AMs. CONCLUSION: Activation of AMs
by M. tuberculosis initiates a cascade of
events whereby TNF-alpha, ROI, and RNI
enhance the expression of the M. tuberculo-
sis 85B gene.—Authors’Abstract

Jang, S., Uematsu, S., Akira, S., and Sal-
game, P. IL-6 and IL-10 induction from
dendritic cells in response to Mycobacte-
rium tuberculosis is predominantly de-
pendent on TLR2-mediated recognition.
J. Immunol. 173(5) (2004) 3392–3397.

The initial TLR-mediated interaction be-
tween Mycobacterium tuberculosis and den-
dritic cells is critical, since the cytokine pro-
duction that ensues can greatly influence the
class of adaptive immunity that is generated
to the pathogen. In this study, we therefore
determined the dependency on TLR2 and
TLR4 for M. tuberculosis-induced cytokine
production by murine dendritic cells. A key
new finding of this study is that production
of IL-6 and IL-10 from dendritic cells in re-
sponse to M. tuberculosis is principally de-
pendent on TLR2. The study also indicates
that M. tuberculosis can induce IL-12 pro-
duction in the absence of either TLR2 or
TLR4, suggesting redundancy or possibly
involvement of other receptors in IL-12 pro-

duction. In addition, the data also reveal that
lack of TLR2 or TLR4 does not impact on
dendritic cell maturation or on their ability
to influence the polarity of differentiating
naive T cells. Collectively, data presented
here provide a mechanistic insight for the
contribution of TLR2 and TLR4 to tubercu-
losis disease progression and offer strategies
for regulating IL-6 and IL-10 production in
dendritic cell-based vaccine strategies.—
Authors’Abstract

Keller, C., Lauber, J., Blumenthal, A., Buer,
J., and Ehlers, S. Resistance and sus-
ceptibility to tuberculosis analysed at the
transcriptome level: lessons from mouse
macrophages. Tuberculosis (Edinb).
84(3–4) (2004) 144–158.

Gene expression patterns associated with
resistance and susceptibility to tuberculosis
(TB) were investigated at the macrophage
level in the well-defined mouse model of in-
fection. Oligonucleotide microarrays were
used to analyze the regulation of gene ex-
pression in murine bone marrow-derived
macrophages infected with Mycobacterium
tuberculosis. Four mouse strains, known to
differ in terms of growth permissiveness for
M. tuberculosis in infected tissues, in the
development of pulmonary pathology, and
in the rate of premature death due to tuber-
culosis, were compared: C57BL/6 and
BALB/c representing resistant, DBA/2 and
CBA/J representing susceptible mouse
strains. Genes (55) were regulated more than
two-fold in macrophages of all strains in-
vestigated following M. tuberculosis infec-
tion. Importantly, 18 genes were commonly
regulated only in macrophages of the two
resistant strains upon infection, and 102
genes were commonly regulated exclu-
sively in macrophages of the two suscepti-
ble strains. Using this approach, we have
therefore identified more than 100 genes
potentially associated with resistance and
susceptibility, respectively, to TB at the
macrophage level. A tentative interpretation
of our microarray data suggests that macro-
phages from susceptible mice predomi-
nantly stimulate the recruitment of cells that
contribute disproportionately to tissue dam-
age rather than to microbial elimination. In
conclusion, microarray gene chips are use-

540 International Journal of Leprosy 2004



ful tools for generating new hypotheses
about resistance and susceptibility to TB,
and the mouse model can now be used to
subject candidate genes identified by this ap-
proach to further functional analyses.—Au-
thors’Abstract

Manca, C., Reed, M. B., Freeman, S.,
Mathema, B., Kreiswirth, B., Barry, C.
E. 3rd, and Kaplan, G. Differential
monocyte activation underlies strain-
specific Mycobacterium tuberculosis
pathogenesis. Infect. Immun. 72(9) (2004)
5511–5514.

In vitro infection of monocytes with My-
cobacterium tuberculosis HN878 and related
W/Beijing isolates preferentially induced in-
terleukin-4 (IL-4) and IL-13, which charac-
terize Th2 polarized immunity. In contrast,
CDC1551 induced more IL-12 and other
molecules associated with phagocyte activa-
tion and Th1 protective immunity. The dif-
ferential cytokine-chemokine response was
mediated by extracted lipids, suggesting that
these molecules regulate host responses to
infection.—Authors’Abstract

Marino, S., Pawar, S., Fuller, C. L., Rein-
hart, T. A., Flynn, J. L., and Kirschner,
D. E. Dendritic cell trafficking and anti-
gen presentation in the human immune
response to Mycobacterium tuberculosis.
J. Immunol. 173(1) (2004) 494–506.

Mycobacterium tuberculosis (Mtb) is an
extraordinarily successful human pathogen,
one of the major causes of death by infec-
tious disease worldwide. A key issue for the
study of tuberculosis is to understand why
individuals infected with Mtb experience
different clinical outcomes. To better under-
stand the dynamics of Mtb infection and im-
munity, we coupled nonhuman primate ex-
periments with a mathematical model we
previously developed that qualitatively and
quantitatively captures important processes
of cellular priming and activation. These
processes occur between the lung and the
nearest draining lymph node where the key
cells mediating this process are the dendritic
cells (DC). The nonhuman primate experi-
ments consist of bacteria and cell numbers

from tissues of 17 adult cynomolgus
macaques (Macaca fascicularis) that were
infected with Mtb strain Erdman ( approxi-
mately 25 CFU/animal via bronchoscope).
The main result of this work is that delays in
either DC migration to the draining lymph
node or T cell trafficking to the site of in-
fection can alter the outcome of Mtb infec-
tion, defining progression to primary disease
or latent infection and reactivated tubercu-
losis. Our results also support the idea that
the development of a new generation of
treatment against Mtb should optimally
elicit a fast DC turnover at the site of infec-
tion, as well as strong activation of DCs for
maximal Ag presentation and production of
key cytokines. This will induce the most
protective T cell response.—Authors’ Ab-
stract

Mollenkopf, H. J., Kursar, M., and Kauf-
mann, S. H. Immune response to post-
primary tuberculosis in mice: Mycobac-
terium tuberculosis and Mycobacterium
bovis bacille Calmette-Guérin induce
equal protection. J. Infect. Dis. 190(3)
(2004) 588–597. Epub 2004 Jul 06.

We addressed the question of whether
protective immunity induced by natural in-
fection with Mycobacterium tuberculosis
and that induced by vaccination with Myco-
bacterium bovis bacille Calmette-Guerin
(BCG) differ in the murine model. We in-
fected mice with M. tuberculosis Erdman,
cured them by chemotherapy, and subse-
quently reinfected them with a low dose of
M. tuberculosis H37Rv. The course of tu-
berculosis was compared with that in mice
previously vaccinated with BCG Danish
1331. Protection against postprimary M. tu-
berculosis infection did not differ signifi-
cantly between the 2 groups. After challenge
infection, numbers of interferon- gamma-
positive splenocytes did not differ between
mice with primary infection and vaccinated
mice. Splenocytes from primary M. tuber-
culosis-infected mice conferred marginally
higher protection than did those from BCG-
vaccinated mice. Serum transfer did not pro-
tect against reinfection in either group. Our
data emphasize that natural infection with
M. tuberculosis and vaccination with BCG
do not differ in their capacity to induce pro-
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tective immunity against tuberculosis and
support the notions that reinfection con-
tributes to the development of active disease
and that any novel vaccine against tubercu-
losis has to perform better than both vacci-
nation with BCG and immunity evoked by
natural infection.—Authors’Abstract

Peters, W., Cyster, J. G., Mack, M.,
Schlondorff, D., Wolf, A. J., Ernst, J.
D., and Charo, I. F. CCR2-dependent
trafficking of F4/80dim macrophages and
CD11cdim/intermediate dendritic cells is
crucial for T cell recruitment to lungs in-
fected with Mycobacterium tuberculosis.
J. Immunol. 172(12) (2004) 7647–7653.

We previously reported that CCR2(–/–)
mice are susceptible to Mycobacterium tu-
berculosis infection. Susceptibility was as-
sociated with an early and sustained macro-
phage trafficking defect, followed by
delayed recruitment of dendritic cells (DCs)
and T cells to the lungs. However, the rela-
tive importance of the lack of CCR2 ex-
pression by macrophages and DCs vs T cells
in susceptibility to infection was unclear. In
this study, we used mixed bone marrow trans-
plantation to create mice in which the geno-
type of the T cells was either CCR2(+/+) or
CCR2(–/–) while maintaining the genotype
of the myeloid cells as CCR2(+/+). After
infection with M. tuberculosis, we found
that the genotype of the macrophages and/or
DCs, but not that of the T cells, was critical
for both T cell and myeloid cell migration to
the lungs. Further investigation revealed a
critical role for CCR2 in the recruitment of
F4/80(dim) macrophages and CD11c (dim/
intermediate) DCs to the infected lung.—
Authors’Abstract 

Sander, P., Rezwan, M., Walker, B.,
Rampini, S. K., Kroppenstedt, R. M.,
Ehlers, S., Keller, C., Keeble, J. R.,
Hagemeier, M., Colston, M. J.,
Springer, B., and Bottger, E. C. Lipo-
protein processing is required for viru-
lence of Mycobacterium tuberculosis.
Mol. Microbiol. 52(6) (2004) 1543–1552.

Lipoproteins are a subgroup of secreted
bacterial proteins characterized by a lipi-

dated N-terminus, processing of which is
mediated by the consecutive activity of pro-
lipoprotein diacylglyceryl transferase (Lgt)
and lipoprotein signal peptidase (LspA).
The study of LspA function has been limited
mainly to non-pathogenic microorganisms.
To study a potential role for LspA in the
pathogenesis of bacterial infections, we
have disrupted lspA by allelic replacement
in Mycobacterium tuberculosis, one of the
world’s most devastating pathogens. Despite
the presence of an impermeable lipid outer
layer, it was found that LspA was dispensa-
ble for growth under in vitro culture condi-
tions. In contrast, the mutant was markedly
attenuated in virulence models of tubercu-
losis. Our findings establish lipoprotein me-
tabolism as a major virulence determinant of
tuberculosis and define a role for lipoprotein
processing in bacterial pathogenesis. In ad-
dition, these results hint at a promising new
target for therapeutic intervention, as a
highly specific inhibitor of bacterial lipopro-
tein signal peptidases is available.—Au-
thors’Abstract

Saunders, B. M., Briscoe, H., and Britton,
W. J. T cell-derived tumour necrosis fac-
tor is essential, but not sufficient, for pro-
tection against Mycobacterium tubercu-
losis infection. Clin. Exp. Immunol.
137(2) (2004) 279–287.

Tumour necrosis factor (TNF) is critical
for sustained protective immunity against
Mycobacterium tuberculosis infection. To
investigate the relative contributions of
macrophage- and T cell-derived TNF to-
wards this immunity T cells from wild-type
(WT) or TNF–/– mice were transferred into
RAG–/– or TNF–/– mice which were then
infected with M. tuberculosis. Infected
RAG–/– mice and RAG–/– recipients of
TNF deficient T cells developed over-
whelming infection, with extensive pul-
monary and hepatic necrosis and succumbed
with a median of only 16 days infection. By
contrast, RAG–/– recipients of WT T cells
showed a significant increase in survival
with a median of 32 days. Although initial
bacterial growth was similar in all groups of
RAG–/– mice, the transfer of WT, but not
TNF–/–, T cells led to the formation of dis-
crete foci of leucocytes and macrophages
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and delayed the development of necrotizing
pathology. To determine requirements for
macrophage-derived TNF, WT or TNF–/– T
cells were transferred into TNF–/– mice at
the time of M. tuberculosis infection. Trans-
fer of WT T cells significantly prolonged
survival and reduced the early tissue necro-
sis evident in the TNF–/– mice, however,
these mice eventually succumbed indicating
that T cell-derived TNF alone is insufficient
to control the infection. Therefore, both T
cell- and macrophage-derived TNF play dis-
tinct roles in orchestrating the protective in-
flammatory response and enhancing sur-
vival during M. tuberculosis infection.
—Authors’Abstract

Toossi, Z., Mayanja-Kizza, H., Kanost, A.,
Edmonds, K., McHugh, M., and
Hirsch, C. Protective responses in tuber-
culosis: induction of genes for interferon-
gamma and cytotoxicity by Mycobacte-
rium tuberculosis and during human
tuberculosis. Scand. J. Immunol. 60(3)
(2004) 299–306.

The host effector mechanisms against My-
cobacterium tuberculosis infection are not
well understood, and this remains a problem
in the development of new vaccines and im-
munotherapies in tuberculosis (TB). Here,
we studied the expression of genes for in-
terferon gamma (IFN-gamma) and mole-
cules involved in lymphocyte-mediated cy-
totoxicity [granzyme B (grzB), perforin,
granulysin and Fas ligand (FasL)] against
M. tuberculosis-infected macrophages. The
kinetics of expression of these molecules
were first established in peripheral blood
mononuclear cells (PBMC) of healthy
donors, and then investigated in TB patients
with and without HIV-1 coinfection and ap-
propriate control groups. We found that only
IFN-gamma and grzB were induced by M.
tuberculosis in PBMC from healthy purified
protein derivative skin test reactive subjects.
However, expression of neither gene nor
IFN-gamma protein correlated with intra-
cellular M. tuberculosis growth containment
by macrophages. Mycobacterium tubercu-
losis induction of IFN-gamma, but not grzB,
mRNA expression was significantly lower
(p <0.03) in TB patients as compared with
healthy subjects.—Authors’Abstract

Vergne, I., Chua, J., Singh, S. B., and
Deretic, V. Cell Biology of Mycobacte-
rium tuberculosis Phagosome. Annu.
Rev. Cell. Dev. Biol. Epub. 2004 Jun. 15
[ahead of print].

Phagocytosis and phagolysosome biogen-
esis represent fundamental biological
processes essential for proper tissue homeo-
stasis, development, elimination of invading
microorganisms, and antigen processing and
presentation. Phagosome formation triggers
a pre-programmed pathway of maturation
into the phagolysosome, a process con-
trolled by Ca2+ and the regulators of or-
ganellar trafficking centered around the
small GTP-binding proteins Rabs and their
downstream effectors, including lipid
kinases, organellar tethering molecules, and
membrane fusion apparatus. Mycobac-
terium tuberculosis is a potent human
pathogen parasitizing macrophages. It inter-
feres with the Rab-controlled membrane
trafficking and arrests the maturing phago-
some at a stage where no harm can be done
to the pathogen while the delivery of nutri-
ents and membrane to the vacuole continues
harboring the microorganism. This process,
referred to as the M. tuberculosis phago-
some maturation arrest or inhibition of
phagosome-lysosome fusion, is critical for
M. tuberculosis persistence in human popu-
lations. It also provides a general model sys-
tem for dissecting the phagolysosome bio-
genesis pathways. Here we review the
fundamental trafficking processes targeted
by M. tuberculosis and the mycobacterial
products that interfere with phagosomal
maturation. Expected online publication date
for the Annual Review of Cell and Devel-
opmental Biology Volume 20 is October 6,
2004.—Authors’Abstract

Yoseph Haile, and Ryon, J. J. Colorimet-
ric microtitre plate hybridization assay
for the detection of Mycobacterium lep-
rae 16S rRNA in clinical specimens.
Lepr. Rev. 75(1) (2004) 40–49.

We have developed a colorimetric mi-
crotiter plate hybridization assay in order to
simplify detection of Mycobacterium leprae
in clinical specimens. This system detects
the products amplified by a sensitive RT-
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PCR assay targeting a species-specific se-
quence of the bacterial 16S rRNA. The
assay detected as few as 10 bacilli isolated
from infected nude mouse lymph nodes or
human skin biopsies. Sensitivity for diago-
sis of clinical specimens was assessed for 58
tissue biopsies from untreated leprosy pa-
tients seen at the ALERT Hospital in Addis
Ababa, Ethiopia [date not given]. The assay
detected M. leprae RT-PCR products in
100% of biopsies from patients with multi-
bacillary disease and 80% of biopsies from
patients with paucibacillary disease, for an

overall sensitivity of 91.3%. The test was
highly specific as no RT-PCR products were
amplified from skin biopsies of normal in-
dividuals or patients with skin diseases other
than leprosy. The colorimetric assay is faster,
more sensitive, and simplifies detection of
RT-PCR products compared to Southern blot
analysis. It may be useful for diagnosis of
difficult cases of leprosy, and, since RNA is
rapidly degraded after cell death, it may be
appropriate for assessing response to ther-
apy and for distinguishing relapse from re-
action.—Tropical Disease Bulletin
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Flint, J. L., Kowalski, J. C., Karnati, P.
K., and Derbyshire, K. M. The RD1 vir-
ulence locus of Mycobacterium tubercu-
losis regulates DNA transfer in Myco-
bacterium smegmatis. Proc. Natl. Acad.
Sci. U.S.A. 101(34) (2004) 12598–12603.
Epub 2004 Aug. 16.

Conjugal DNA transfer occurs by an atyp-
ical mechanism in Mycobacterium smegma-
tis. The transfer system is chromosomally
encoded and requires recipient recombina-
tion functions for both chromosome and
plasmid transfer. Cis-acting sequences have
been identified that confer mobility on non-
transferable plasmids, but these are larger
and have different properties to canonical
oriT sites found in bacterial plasmids. To
identify trans-acting factors required for me-
diating DNA transfer, a library of transpo-
son insertion mutants was generated in the
donor strain, and individual mutants were
screened for their effect on transfer. From
this screen, a collection of insertion mutants
was isolated that increased conjugation fre-
quencies relative to wild type. Remarkably,
the mutations map to a 25-kb region of the
M. smegmatis chromosome that is synte-
nous with the RD1 region of Mycobacterium
tuberculosis, which is considered to be the
primary attenuating deletion in the related
vaccine strain Mycobacterium bovis bacillus
Calmette-Guérin. The genes of the RD1 re-
gion encode a secretory apparatus responsi-
ble for exporting Cfp10- and Esat-6, both
potent antigens and virulence factors. In

crosses using two M. smegmatis donors, we
show that wild-type cells can suppress the
elevated transfer phenotype of mutant
donors, which is consistent with the secre-
tion of a factor that suppresses conjugation.
Most importantly, the RD1 region of M. tu-
berculosis complements the conjugation
phenotype of the RD1 mutants in M. smeg-
matis. Our results indicate that the M. tu-
berculosis and M. smegmatis RD1 regions
are functionally equivalent and provide a
unique perspective on the role of this criti-
cal secretion apparatus.—Authors’Abstract

Lee, R. E., Li, W., Chatterjee, D., and Lee,
R. E. Rapid structural characterization of
the arabinogalactan and lipoarabinoman-
nan in live mycobacterial cells using 2D
and 3D HR-MAS NMR. Glycobiology.
Epub 2004 Sep. 15 [ahead of print]

Mycobacteria possess a unique, highly
evolved, carbohydrate and lipid-rich cell
wall that is believed to be important for their
survival in hostile environments. Until now,
our understanding of mycobacterial cell
wall structure has been based upon destruc-
tive isolation and fragmentation of indi-
vidual cell wall components. This study
describes the observation of the major cell
wall structures in live, intact mycobacteria
using two-dimensional (2D) and three-
dimensional (3D) High-Resolution Magic-
Angle Spinning (HR-MAS) NMR. As little
as 20 mg (wet weight) of [(13)C] enriched



cells were required to produce a whole-cell
spectra in which discrete cross-peaks corre-
sponding to specific cell wall components
could be identified. The most abundant sig-
nals of the arabinogalactan (AG) and
lipoarabinomannan (LAM) were assigned in
the HR-MAS NMR spectra by comparing
the 2D and 3D NMR whole-cell spectra
with the spectra of purified cellular compo-
nents. This study confirmed that the struc-
tures of the AG and LAM moieties in the
cell wall of live mycobacteria are consistent
with structural reports in the literature,
which were obtained via degradative analy-
sis. Most importantly, using intact cells, it
was possible to directly demonstrate the ef-
fects of Ethambutol on the mycobacterial
cell wall polysaccharides, characterize the
effects of embB gene knockout in the M.
smegmatis DeltaembB mutant, and observe
differences in the cell wall structures of two
mycobacterial species (M. bovis BCG and
M. smegmatis). Herein, we show that HR-
MAS NMR is a powerful, rapid, non-
destructive technique to monitor changes in
the complex, carbohydrate rich cell wall of
live mycobacterial cells.—Authors’Abstract

Mostowy, S., Onipede, A., Gagneux, S.,
Niemann, S., Kremer, K., Desmond, E.
P., Kato-Maeda, M., and Behr, M. Ge-
nomic analysis distinguishes Mycobacte-
rium africanum. Clin. Microbiol. 42(8)
(2004) 3594–3599.

See Current Literature, Other Mycobac-
terial Diseases, p. 562.

Nigou, J., Gilleron, M., Brando, T., and
Puzo, G. Structural analysis of myco-
bacterial lipoglycans. Appl. Biochem.
Biotechnol. 118(1–3) (2004) 253–267.

Mycobacterium tuberculosis, the causative
agent of tuberculosis, is one of the most ef-
fective human pathogens. The mycobacterial
cell envelope contains lipoglycans, and of
particular interest is lipoarabinomannan
(LAM), one of the most potent mycobacte-
rial immunomodulatory molecules. The im-
portance of lipoarabinomannan (LAM) in
the immunopathogenesis of tuberculosis has
incited structural studies on this molecule to

(1) establish a precise structural model of the
molecule and (2) decipher the structure/func-
tion relationships. In recent years, we have
focused on the two domains essential for
LAM biologic activities: the mannosyl-
phosphatidyl-myo-inositol anchor and the
caps. We review here the recent procedures
developed for the structural analysis of these
domains.—Authors’Abstract

Pethe, K., Swenson, D. L., Alonso, S., An-
derson, J., Wang, C., and Russell, D. G.
Isolation of Mycobacterium tuberculosis
mutants defective in the arrest of phago-
some maturation. Proc. Natl. Acad. Sci.
U.S.A. 101(37) (2004) 13642–13647.
Epub 2004 Aug. 31.

Mycobacterium tuberculosis resides within
the phagocytes of its host. It ensures its con-
tinued survival through arresting the normal
maturation of its phagosome, which is
retained within the early endosomal system of
the macrophage. Although individual bacte-
rial components have been shown to modulate
phagosome biogenesis, the mechanism(s) ac-
tive in live, intact bacteria remain elusive. We
have developed a genetic screen that facili-
tates the isolation of mutants defective in ar-
resting the maturation of their phagosomes.
Macrophages were incubated with iron-
dextran that was chased into lysosomes. The
cells were subsequently infected with M. tu-
berculosis from a library of transposon-
mutagenized bacteria. After four rounds of en-
richment, the majority of mutants isolated
were unable to prevent acidification of their
phagosomes and were attenuated for intracel-
lular survival. The genes affected range in
function from those with no known homo-
logues to putative transporters and lipid syn-
thesis enzymes. Further characterization of
these bacteria is needed. In addition to clari-
fying the processes active in modulation of
phagosome biogenesis by M. tuberculosis,
this screen may be applicable to other
pathogens that restrict the maturation of their
phagosome.—Authors’Abstract

Sarkola, A., Makinen, J., Marjamaki, M.,
Marttila, H. J., Viljanen, M. K., and
Soini, H. Prospective evaluation of the
GenoType assay for routine identification
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of mycobacteria. Eur. J. Clin. Microbiol.
Infect. Dis. 23(8) (2004) 642–645. Epub
2004 Jul. 28.

In order to evaluate the proficiency of the
GenoType Mycobacteria strip hybridization
assay (Hain Lifescience, Nehren, Germany)
for the routine identification of mycobacte-
ria, the assay was used to identify 178 clin-
ical isolates during a 6-month prospective
study. The GenoType results were compared
to the identification results obtained with
AccuProbe (GenProbe, San Diego, CA,
USA) or 16S rDNA sequencing, and an
overall agreement of 89.3% between Geno-
Type and the two reference methods was
reached. The GenoType assay is, thus, a
rapid and reliable method for the identifica-
tion of clinically important mycobacteria,
and it is well suited for use in a routine lab-
oratory.—Authors’Abstract

Semret, M., Zhai, G., Mostowy, S., Cleto,
C., Alexander, D., Cangelosi, G.,
Cousins, D., Collins, D. M., van Soolin-
gen, D., and Behr, M. A. Extensive ge-
nomic polymorphism within Mycobacte-
rium avium. J. Bacteriol. 186(18) (2004)
6332–6334.

We have initiated comparative genomic
analysis of Mycobacterium avium subspecies
by DNA microarray, uncovering 14 large se-
quence polymorphisms (LSPs) comprising
over 700 kb that distinguish M. avium subsp.
avium from M. avium subsp. paratuberculo-
sis. Genes predicted to encode metabolic
pathways were overrepresented in the LSPs,
and analysis revealed a polymorphism
within the mycobactin biosynthesis operon
that potentially explains the in vitro my-
cobactin dependence of M. avium subsp.
paratuberculosis.—Authors’Abstract

Torrelles, J. B., Khoo, K. H., Sieling, P. A.,
Modlin, R. L., Zhang, N., Marques, A.
M., Treumann, A., Rithner, C. D.,
Brennan, P. J., and Chatterjee, D.
Truncated structural variants of lipoara-
binomannan in Mycobacterium leprae
and an ethambutol-resistant strain of My-
cobacterium tuberculosis. J. Biol. Chem.

279(39) (2004) 41227–41239. Epub
2004 Jul. 19.

Current knowledge on the structure of
lipoarabinomannan (LAM) has resulted pri-
marily from detailed studies on a few se-
lected laboratory strains of Mycobacterium
tuberculosis, Mycobacterium bovis BCG,
and Mycobacterium smegmatis. Our previ-
ous work was the first to report on the salient
structural features of M. tuberculosis clini-
cal isolates and demonstrated significant
structural variations. A prime effort is to cor-
relate a particular structural characteristic
with observed differences in eliciting an im-
munobiological response, especially in the
context of CD1-restricted presentation of
LAM to T cells. T cell clones derived from
the cutaneous lesions of leprosy patients
have been shown to recognize specifically
LAM from Mycobacterium leprae and not
from M. tuberculosis Erdman or H37Rv.
Herein we provide further fine structural
data on LAM from M. leprae (LepLAM)
and a tuberculosis clinical isolate, CSU20
(CSU20LAM), which was unexpectedly
recognized by the supposedly LepLAM-
specific CD1-restricted T cell clones. In
comparison with the de facto laboratory
LAM standard from M. tuberculosis H37Rv
(RvLAM), LepLAM derived from in vivo
grown M. leprae is apparently simpler in its
arabinan architecture with a high degree of
exposed, non-mannose-capped termini. On
the other hand, CSU20, an ethambutol-
resistant clinical isolate, makes a vastly het-
erogeneous population of LAM ranging
from rather small and non-mannose-capped
to full-length and fully capped variants.
LepLAM and CSU20LAM contain a higher
level of succinylation than RvLAM, which,
in the context of truncated or less elaborated
arabinan, may contribute to selective recog-
nition by T cells. LAM from all species
could be resolved into discrete forms by iso-
electric focusing based apparently on their
arabinan heterogeneity. In the light of our
current and more recent findings, we reason
that all immunobiological data should be
cautiously interpreted and that the actual
LAM variants that may be present in vivo
during infection and pathogenesis need to be
taken into consideration.—Authors’ Ab-
stract
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Marques, M. A., Espinosa, B. J., Xavier da
Silveira, E. K., Pessolani, M. C., Cha-
peaurouge, A., Perales, J., Dobos, K. M.,
Belisle, J. T., Spencer, J. S., and Bren-
nan, P. J. Continued proteomic analysis of
Mycobacterium leprae subcellular frac-
tions. Proteomics. 4(10) (2004) 2942–2953

Recently the sequence of the Mycobacte-
rium leprae chromosome, the only known
obligate intracellular mycobacterium, was
completed. It has a dramatic reduction in
functional genes, with a coding capacity of
only 49.5%, the lowest one so far observed
among bacterial genomes. The leprosy
bacillus seems to preserve a minimal set of
genes that allows its survival in the host. The
identification of genes that are actually ex-
pressed by the bacterium is of high signifi-

cance in the context of mycobacterial patho-
genesis. In this current study, a proteomic
approach was undertaken to identify the
proteins present in the soluble/cytosol and
membrane subcellular fractions obtained
from armadillo derived M. leprae. Proteins
from each fraction were separated by two-
dimensional gel electrophoresis (2-DE) and
identified by mass spectrometry. A total of
147 protein spots were identified from 2-DE
patterns and shown to comprise products of
44 different genes, twenty eight of them cor-
responding to new proteins. Additionally,
two highly basic proteins (with pI >10.0)
were isolated by heparin affinity chromatog-
raphy and identified by N-terminal sequencing.
This study constitutes the first application of
proteomics to a host-derived Mycobacte-
rium.—Authors’Abstract
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We investigated how Mycobacterium tu-
berculosis responded to a reduced oxygen
tension in terms of its pathogenicity and
gene expression by growing cells under ei-
ther aerobic or low-oxygen conditions in
chemostat culture. The chemostat enabled
us to control and vary the oxygen tension in-
dependently of other environmental param-
eters, so that true cause-and-effect relation-
ships of reduced oxygen availability could
be established. Cells grown under low oxy-
gen were more pathogenic for guinea pigs
than those grown aerobically. The effect of
reduced oxygen on global gene expression
was determined using DNA microarray.
Spearman rank correlation confirmed that
microarray expression profiles were highly
reproducible between repeat cultures. Using
microarray analysis we have identified
genes that respond to a low-oxygen envi-
ronment without the influence of other pa-
rameters such as nutrient depletion. Some of
these genes appear to be involved in the
biosynthesis of cell wall precursors and their
induction may have contributed to increased

Ahmed, N., Alam, M., Rao, K. R., Kauser,
F., Kumar, N. A., Qazi, N. N., Sangal,
V., Sharma, V. D., Das, R., Katoch, V.
M., Murthy, K. J., Suneetha, S.,
Sharma, S. K., Sechi, L. A., Gilman, R.
H., and Hasnain, S. E. Molecular geno-
typing of a large, multicentric collection
of tubercle bacilli indicates geographical
partitioning of strain variation and has im-
plications for global epidemiology of My-
cobacterium tuberculosis. J. Clin. Micro-
biol. 42(7) (2004) 3240–3247.

See Current Literature, Molecular and
Genetic Studies, p. 565.

Bacon, J., James, B. W., Wernisch, L.,
Williams, A., Morley, K. A., Hatch, G.
J., Mangan, J. A., Hinds, J., Stoker, N.
G., Butcher, P. D., and Marsh, P. D. The
influence of reduced oxygen availability
on pathogenicity and gene expression in
Mycobacterium tuberculosis. Tuberculosis
(Edinb.) 84(3–4) (2004) 205–217.



infectivity in the guinea pig. This study has
shown that a combination of chemostat cul-
ture and microarray presents a biologically
robust and statistically reliable experimen-
tal approach for studying the effect of rele-
vant and specific environmental stimuli on
mycobacterial virulence and gene expres-
sion.—Authors’Abstract

Bahk, Y. Y., Kim, S. A., Kim, J. S., Euh,
H. J., Bai, G. H., Cho, S. N., and Kim,
Y. S. Antigens secreted from Mycobacte-
rium tuberculosis: Identification by pro-
teomics approach and test for diagnostic
marker. Proteomics. Epub 2004 Sep. 20
[ahead of print]

Tuberculosis caused by mycobacteria,
mainly Mycobacterium tuberculosis, is a
major infectious disease of the respiratory
system. An early diagnosis followed by
chemotherapy is the major control strategy.
In an effort to identify the antigens suitable
for immunodiagnosis and vaccines, the pro-
teins secreted in a culture medium from the
M. tuberculosis K-strain, which is the most
prevalent among the clinical isolates in
Korea and belongs to the Beijing family,
were analyzed by two-dimensional poly-
acrylamide gel electrophoresis (2-D PAGE)
and compared with those from the M. tu-
berculosis H37Rv and CDC1551 strains.
Eight proteins, Rv0652, Rv1636, Rv2818c,
Rv3369, Rv3865, Rv0566c, MT3304, and
Rv3160, were identified by matrix-assisted
laser desorption/ionization-time of flight-mass
spectrometry (MALDI-TOF-MS) or liquid
chromatography-electrospray ionization-
mass spectrometry (LC-ESI-MS) and found
to be relatively abundant in the culture
medium from the M. tuberculosis K-strain
but less so from the CDC1551 or H37Rv
strains. In addition, Rv3874 (CFP-10), 
Rv-0560c and Rv3648c, which were ex-
pressed increasingly in the K and CDC1551
strains, were also identified using the same
proteomics technology. All proteins were
prepared by molecular cloning, expression
in Escherichia coli followed by affinity pu-
rification. Among them, three proteins,
rRv3369, rRv0566c, and rRv3874, were se-
lected by prescreening and examined for
their potential as serodiagnostic antigens
using an enzyme-linked immunosorbent

assay. When 100 sera from tuberculosis pa-
tients and 100 sera from the healthy controls
were analyzed, rRV3369, rRv3874, and
rRv0566c showed a sensitivity of 60%,
74%, and 43%, and a specificity of 96%,
97%, and 84%, respectively. These results
suggest that the rRv3369 and rRv3874 pro-
teins, which were expressed more abun-
dantly in the more recently obtained clinical
isolates of M. tuberculosis than in the labo-
ratory-adapted H37Rv strain, are promising
for use in the serodiagnosis of tuberculo-
sis.—Authors’Abstract

Choudhary, R. K., Pullakhandam, R.,
Ehtesham, N. Z., and Hasnain, S. E.
Expression and characterization of
Rv2430c, a novel immunodominant anti-
gen of Mycobacterium tuberculosis. Pro-
tein Expr. Purif. 36(2) (2004) 249–253.

About 10% of the coding sequence of My-
cobacterium tuberculosis corresponds to
hitherto unknown members of the PE and
PPE protein families which display sig-
nificant sequence and length variation at
their C-terminal region. It has been sug-
gested that this could possibly represent a
rich source of antigenic variation within the
pathogen. We describe the purification and
biophysical characterization of the recombi-
nant PPE protein coded by hypothetical
ORF Rv2430c, a member of the PPE gene
family that was earlier shown to induce a
strong B cell response. Expression of the re-
combinant PPE protein in Escherichia coli
led to its localization in inclusion bodies and
subsequent refolding using dialysis after its
extraction from the same resulted in exten-
sive precipitation. Therefore, an on-column
refolding strategy was used, after which the
protein was found to be in the soluble form.
CD spectrum of the recombinant protein
displayed predominantly alpha helical
content (81%) which matched significantly
with in silico and web-based secondary struc-
ture predictions. Furthermore, fluorescence
emission spectra revealed that aromatic
amino acids are buried inside the protein,
which are exposed to aqueous environment
under 8M urea. These results, for the first
time, provide evidence on the structural fea-
tures of PPE family protein which, viewed
with its reported immunodominant charac-
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teristics, have implications for other proteins
of the PE/PPE family.—Authors’Abstract

Hampshire, T., Soneji, S., Bacon, J.,
James, B. W., Hinds, J., Laing, K., Sta-
bler, R. A., Marsh, P. D., and Butcher,
P. D. Stationary phase gene expression of
Mycobacterium tuberculosis following a
progressive nutrient depletion: a model
for persistent organisms? Tuberculosis
(Edinb.) 84(3–4) (2004) 228–238.

The majority of individuals infected with
TB develop a latent infection, in which or-
ganisms survive within the body while
evading the host immune system. Such per-
sistent bacilli are capable of surviving sev-
eral months of combinatorial antibiotic
treatment. Evidence suggests that stationary
phase bacteria adapt to increase their toler-
ance to environmental stresses. We have de-
veloped a unique in vitro model of dor-
mancy based on the characterization of a
single, large volume fermenter culture of M.
tuberculosis, as it adapts to stationary phase.
Cells are maintained in controlled and de-
fined aerobic conditions (50% dissolved
oxygen tension), using probes that measure
dissolved oxygen tension, temperature, and
pH. Microarray analysis has been used in
conjunction with viability and nutrient de-
pletion assays to dissect differential gene ex-
pression. Following exponential phase
growth the gradual depletion of glucose/
glycerol resulted in a small population of
survivors that were characterized for periods
in excess of 100 days. Bacilli adapting to
nutrient depletion displayed characteristics
associated with persistence in vivo, includ-
ing entry into a non-replicative state and the
up-regulation of genes involved in beta-
oxidation of fatty acids and virulence. A re-
duced population of non-replicating bacilli
went on to adapt sufficiently to re-initiate
cellular division.—Authors’Abstract

Hisert, K. B., Kirksey, M. A., Gomez, J. E.,
Sousa, A. O., Cox, J. S., Jacobs, W. R. Jr.,
Nathan, C. F., and McKinney, J. D. Iden-
tification of Mycobacterium tuberculosis
counterimmune (cim) mutants in immun-
odeficient mice by differential screening.
Infect. Immun. 72(9) (2004) 5315–5321.

Tuberculosis (TB) is characterized by
lifetime persistence of Mycobacterium tu-
berculosis. Despite the induction of a vigor-
ous host immune response that curtails dis-
ease progression in the majority of cases, the
organism is not eliminated. Subsequent im-
munosuppression can lead to reactivation
after a prolonged period of clinical latency.
Thus, while it is clear that protective im-
mune mechanisms are engaged during M.
tuberculosis infection, it also appears that
the pathogen has evolved effective counter-
mechanisms. Genetic studies with animal
infection models and with patients have re-
vealed a key role for the cytokine gamma in-
terferon (IFN-gamma) in resistance to TB.
IFN-gamma activates a large number of an-
timicrobial pathways. Three of these IFN-
gamma-dependent mechanisms have been
implicated in defense against M. tuberculo-
sis: inducible nitric oxide synthase (iNOS),
phagosome oxidase (phox), and the phago-
some-associated GTPase LRG-47. In order
to identify bacterial genes that provide pro-
tection against specific host immune path-
ways, we have developed the strategy of
differential signature-tagged transposon mu-
tagenesis. Using this approach we have
identified three M. tuberculosis genes that
are essential for progressive M. tuberculosis
growth and rapid lethality in iNOS-deficient
mice but not in IFN-gamma-deficient mice.
We propose that these genes are involved in
pathways that allow M. tuberculosis to
counter IFN-gamma-dependent immune
mechanisms other than iNOS.—Authors’
Abstract

Karakousis, P. C., Yoshimatsu, T.,
Lamichhane, G., Woolwine, S. C.,
Nuermberger, E. L., Grosset, J., and
Bishai, W. R. Dormancy phenotype dis-
played by extracellular Mycobacterium
tuberculosis within artificial granulomas
in mice. J. Exp. Med. 200(5) (2004)
647–657.

Mycobacterium tuberculosis residing
within pulmonary granulomas and cavities
represents an important reservoir of persis-
tent organisms during human latent tuber-
culosis infection. We present a novel in vivo
model of tuberculosis involving the encap-
sulation of bacilli in semidiffusible hollow
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fibers that are implanted subcutaneously into
mice. Granulomatous lesions develop
around these hollow fibers, and in this mi-
croenvironment, the organisms demonstrate
an altered physiologic state characterized by
stationary-state colony-forming unit counts
and decreased metabolic activity. Moreover,
these organisms show an antimicrobial sus-
ceptibility pattern similar to persistent
bacilli in current models of tuberculosis
chemotherapy in that they are more suscep-
tible to the sterilizing drug, rifampin, than to
the bactericidal drug isoniazid. We used this
model of extracellular persistence within
host granulomas to study both gene expres-
sion patterns and mutant survival patterns.
Our results demonstrate induction of dosR
(Rv3133c) and 20 other members of the
DosR regulon believed to mediate the tran-
sition into dormancy, and that rel(Mtb) is re-
quired for Mycobacterium tuberculosis sur-
vival during extracellular persistence within
host granulomas. Interestingly, the dor-
mancy phenotype of extracellular M. tuber-
culosis within host granulomas appears to
be immune mediated and interferon-gamma
dependent.—Authors’Abstract

Lightbody, K. L., Renshaw, P. S., Collins,
M. L., Wright, R. L., Hunt, D. M., Gor-
don, S. V., Hewinson, R. G., Buxton, R.
S., Williamson, R. A., and Carr, M. D.
Characterisation of complex formation be-
tween members of the Mycobacterium tu-
berculosis complex CFP-10/ESAT-6 pro-
tein family: towards an understanding of
the rules governing complex formation
and thereby functional flexibility. FEMS
Microbiol. Lett. 238(1) (2004) 255–262.

We have previously shown that the se-
creted M. tuberculosis complex proteins
CFP-10 and ESAT-6 form a tight, 1:1 com-
plex, which may represent their functional
form. In the work reported here a combina-
tion of yeast two-hybrid and biochemical
analysis has been used to characterise com-
plex formation between two other pairs of
CFP-10/ESAT-6 family proteins (Rv0287/
Rv0288 and Rv3019c/Rv3020c) and to de-
termine whether complexes can be formed
between non-genome paired members of the
family. The results clearly demonstrate that
Rv0287/Rv0288 and Rv3019c/3020c form

tight complexes, as initially observed for
CFP-10/ESAT-6. The closely related Rv0287/
Rv0288 and Rv3019c/Rv3020c proteins are
also able to form non-genome paired com-
plexes (Rv0287/Rv3019c and Rv0288/
Rv3020c), but are not capable of binding to
the more distantly related CFP-10/ESAT-6
proteins.—Authors’Abstract

Liu, X., Tiwari, R. K., Geliebter, J., Wu, J.
M., and Godfrey, H. P. Interaction of a
Mycobacterium tuberculosis repetitive
DNA sequence with eukaryotic proteins.
Biochem. Biophys. Res. Commun. 320(3)
(2004) 966–972.

Mycobacterium tuberculosis infects one-
third of the world’s population and causes
two million deaths annually. Its intracellular
residence raises the possibility that bacterial
nucleic acids might interact with key host
proteins and contribute to the pathophysiol-
ogy of infection. To test this hypothesis, we
searched for motifs closely resembling eu-
karyotic transcription factor binding sites in
the M. tuberculosis H37Rv genome and
found activator protein-2 and zinc finger
protein-5 binding motifs in a 36-nucleotide
repetitive mycobacterial DNA sequence
(RPT1). RPT1 bound specifically to nuclear
extract proteins from U937, A549, and
HeLa cells in electrophoretic mobility shift
assays but not to activator protein-2. Several
nuclear and cytosolic proteins showing at
least partial binding specificity for RPT1
were isolated from U937 and A549 cells by
pull-down assays, including Ku70 (DNA-
dependent protein kinase subunit) and
poly(ADP-ribose) polymerase-1. RPT1 also
specifically activated DNA-dependent pro-
tein phosphorylation. These results suggest
that mycobacterial nucleic acid fragments
may interact specifically with eukaryotic
regulatory proteins which might contribute
to bacterial life-cycle maintenance.—Au-
thors’Abstract

Mostowy, S., Cleto, C., Sherman, D. R.,
and Behr, M. A. The Mycobacterium tu-
berculosis complex transcriptome of at-
tenuation. Tuberculosis (Edinb). 84(3–4)
(2004) 197–204.
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Although the deletion of RD1 is likely cor-
related to attenuation from virulence for
members of the Mycobacterium tuberculosis
(MTB) complex, the reasons for this pheno-
type remain to be fully explained. As ge-
nomic variation is responsible for at least a
component of variability in gene expression,
we looked to the in vitro global expression
profile of the RD1 artificial knockout from M.
tuberculosis H37Rv (H37Rv:deltaRD1) for
clues to elucidate its phenotypic shift towards
attenuation. By comparing the transcriptome
of H37Rv:deltaRD1 to that of virulent
H37Rv, 15 regulated genes located in nine
different regions outside of RD1 have been
identified, capturing an effect of RD1’s dele-
tion on the rest of the genome. To assess
whether these regulations are characteristic of
attenuated MTB in general, expression pro-
files of natural RD1 mutants (BCG Russia,
BCG Pasteur, and M. microti) as well as the
“avirulent” M. tuberculosis H37Ra, whose
RD1 region is genomically intact, were ob-
tained. Results indicate that attenuated strains
lack the expression of RD1 genes including
cfp10 and esat6, whether through deletion or
reduced expression. Furthermore, compara-
tive transcriptomics reveals the concurrent
down-regulation of several gene neighbor-
hoods beyond RD1. The potential relevance
of these other expression changes towards
MTB virulence is discussed.—Authors’ Ab-
stract

Waddell, S. J., Stabler, R. A., Laing, K.,
Kremer, L., Reynolds, R. C., and Besra,
G. S. The use of microarray analysis to
determine the gene expression profiles of
Mycobacterium tuberculosis in response
to anti-bacterial compounds. Tuberculosis
(Edinb.) 84(3–4) (2004) 263–274.

The response of Mycobacterium tubercu-
losis to six anti-microbial agents was deter-
mined by microarray analysis in an attempt
to define mechanisms of innate resistance in
M. tuberculosis. The gene expression pro-
files of M. tuberculosis after treatment at the
minimal inhibitory concentration (MIC) for
4 hr with isoniazid, isoxyl, tetrahydrolip-
statin, SRI#221, SR1#967 and SR1#9190
were compared to untreated M. tuberculosis.
A common response to drug exposure was
defined, and this expression profile over-
lapped with a number of other mycobacte-
rial stress responses recently identified by
microarray analysis. Compound-specific re-
sponses were also distinguished including a
number of putative transcriptional regulators
and translocation-related genes. These genes
may contribute to the intrinsic resistance 
of M. tuberculosis to anti-microbial com-
pounds. Further investigation into these
mechanisms may elucidate novel pathways
contributing to mycobacterial drug resis-
tance and influence anti-mycobacterial drug
development strategies.—Authors’Abstract
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Algood, H. M., and Flynn, J. L. CCR5-
deficient mice control Mycobacterium tu-
berculosis infection despite increased
pulmonary lymphocytic infiltration. J Im-
munol. 173(5) (2004) 3287–3296.

The control of Mycobacterium tuberculo-
sis infection is dependent on the develop-
ment of an adaptive immune response,
which is mediated by granulomas. The gran-
uloma is a dynamic structure that forms in
the lung and consists primarily of macro-
phages and lymphocytes. For this structure
to be effective in containment of the bacil-
lus, it must develop in an organized and
timely manner. The formation of the granu-

loma is dependent on recruitment of acti-
vated cells through adhesion molecules and
chemokines. M. tuberculosis infection causes
an increase in the expression of beta-
chemokines CCL3, CCL4, and CCL5, and
their receptor CCR5, in the lungs. In this
study, we demonstrate that CCR5-transgenic
knockout mice were capable of recruiting
immune cells to the lung to form granulo-
mas. CCR5(–/–) mice successfully induced
a Th1 response and controlled infection. Un-
expectedly, M. tuberculosis infection in
these mice resulted in greater numbers of
lymphocytes migrating to the lung and
higher levels of many inflammatory cy-
tokines, compared with wild-type mice,



without apparent long-term detrimental ef-
fects. In the absence of CCR5, there were
more dendritic cells in the lung-draining
lymph nodes and more primed T lympho-
cytes in these mice. Bacterial numbers in the
lymph nodes were also higher in CCR5(–/–)
mice. Therefore, CCR5 may play a role in
the migration of dendritic cells to and from
the lymph nodes during M. tuberculosis in-
fection.—Authors’Abstract

Brennan, M. J., Morris, S. L., and Size-
more, C. F. Tuberculosis vaccine devel-
opment: research, regulatory and clinical
strategies. Expert. Opin. Biol. Ther. 4(9)
(2004) 1493–1504.

In the past decade, while the global tu-
berculosis (TB) epidemic has continued to
devastate mankind, considerable progress
has nevertheless been made in the develop-
ment of new and improved vaccines for this
ancient disease. Recombinant bacillus
Calmette-Guerin strains, DNA-based vac-
cines, live attenuated Mycobacterium tuber-
culosis vaccines and subunit vaccines for-
mulated with novel adjuvants have shown
promise in preclinical animal challenge
models. Three of these vaccines are being
evaluated at present in human clinical stud-
ies, and several other vaccine preparations
are being targeted for clinical trials in the
near future. Although the preclinical char-
acterisation and testing of new TB vaccines
has clearly led to exciting new findings,
complex regulatory and clinical trial design
issues remain as a challenge to TB vaccine
development. This report reviews some of
the exciting advances in TB research that
have led to the development of new TB vac-
cines, and addresses the unique regulatory
and clinical issues associated with the test-
ing of novel anti-TB preparations in human
populations.—Authors’Abstract

Brodin, P., Majlessi, L., Brosch, R.,
Smith, D., Bancroft, G., Clark, S.,
Williams, A., Leclerc, C., and Cole, S.
T. J. Enhanced protection against tuber-
culosis by vaccination with recombinant
Mycobacterium microti vaccine that in-
duces T cell immunity against region of

difference 1 antigens. Infect. Dis. 190(1)
(2004) 115–122. Epub 2004 Jun. 04.

Mycobacterium microti, the vole bacillus,
which was used as a live vaccine against tu-
berculosis until the 1970s, confers the same
protection in humans as does Mycobacte-
rium bovis bacille Calmette-Guerin (BCG).
However, because the efficacy of the BCG
vaccine varies considerably, we have tried to
develop a better vaccine by reintroducing
into M. microti the complete region of dif-
ference 1 (RD1), which is required for se-
cretion of the potent T cell antigens early se-
creted antigen target (ESAT)-6 and culture
filtrate protein (CFP)-10. The resultant re-
combinant strain, M. microti OV254::RD1-
2F9, induced specific ESAT-6 and CFP-10
immune responses in mice with CD8(+) T
lymphocytes that had strong expression of
the CD44(hi) activation marker. This vac-
cine also displayed better efficacy against
disseminated disease in the mouse and the
guinea pig models of tuberculosis than was
seen in animals vaccinated with M. microti
alone or with BCG. The M. microti
OV254::RD1-2F9 vaccine was less virulent
and persistent in mice and than was
BCG::RD1-2F9 may represent a safer alter-
native to BCG::RD1-2F9.—Authors’ Ab-
stract

Gagliardi, M. C., Teloni, R., Mariotti, S.,
Iona, E., Pardini, M., Fattorini, L.,
Orefici, G., and Nisini, R. Bacillus
Calmette-Guérin shares with virulent My-
cobacterium tuberculosis the capacity to
subvert monocyte differentiation into
dendritic cell: implication for its efficacy
as a vaccine preventing tuberculosis. Vac-
cine. 22(29–30) (2004) 3848–3857.

The only available vaccine against tuber-
culosis (TB) is Bacillus Calmette-Guérin
(BCG) whose efficacy in preventing pul-
monary tuberculosis is however controver-
sial. Here, we show that BCG infection of
monocytes causes their differentiation into
mature dendritic cells (DCs) lacking CD1
molecules expression, coupled with subop-
timal up-regulation of HLA class II, CD80
and CD40 molecules and a marked unre-
sponsiveness to lipopolysaccharide stimula-
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tion. In addition, alloreactive naïve T lym-
phocytes primed by these subverted DCs did
not undergo defined functional polarization, as
witnessed by their inability to produce IFN-
gamma. Since efficient antigen presentation
and IFN-gamma production by mycobacterial-
specific T lymphocytes are required for pro-
tection against Mycobacterium tuberculosis,
our data might provide additional explana-
tion for the low efficacy of BCG vaccina-
tion.—Authors’Abstract

Harth, G., Maslesa-Galic, S., and Hor-
witz, M. A. A two-plasmid system for
stable, selective-pressure-independent
expression of multiple extracellular pro-
teins in mycobacteria. Microbiology
150(Pt. 7) (2004) 2143–2151.

Recombinant mycobacteria expressing
Mycobacterium tuberculosis extracellular
proteins are leading candidates for new vac-
cines against tuberculosis and other myco-
bacterial diseases, and important tools both
in antimycobacterial drug development and
basic research in mycobacterial pathogene-
sis. Recombinant mycobacteria that stably
overexpress and secrete major extracellular
proteins of M. tuberculosis in native form on
plasmids pSMT3 and pNBV1 were previ-
ously constructed by the authors. To en-
hance the versatility of this plasmid-based
approach for mycobacterial protein expres-
sion, the Escherichia coli/mycobacteria
shuttle plasmid pGB9 was modified to ac-
commodate mycobacterial genes expressed
from their endogenous promoters. Previous
studies showed that the modified plasmid,
designated pGB9.2, derived from the cryp-
tic Mycobacterium fortuitum plasmid
pMF1, was present at a low copy number in
both E. coli and mycobacteria, and expres-
sion of recombinant M. tuberculosis proteins
was found to be at levels paralleling its copy
number, that is, approximating their en-
dogenous levels. Plasmid pGB9.2 was com-
patible with the shuttle vectors pSMT3 and
pNBV1 and in combination with them it
simultaneously expressed the M. tuberculo-
sis 30 kDa extracellular protein FbpB. Plas-
mid pGB9.2 was stably maintained in the
absence of selective pressure in three myco-
bacterial species: Mycobacterium bovis

BCG, M. tuberculosis and M. smegmatis.
Plasmid pGB9.2 was found to be self-
transmissible between both fast- and slow-
growing mycobacteria, but not from myco-
bacteria to E. coli or between E. coli strains.
The combination of two compatible plas-
mids in one BCG strain allows expression of
recombinant mycobacterial proteins at dif-
ferent levels, a potentially important factor
in optimizing vaccine potency.—Authors’
Abstract

Mark Doherty, T. New vaccines against tu-
berculosis. Trop. Med. Int. Health. 9(7)
(2004) 818–826

In September 2000, recognizing the effect
of communicable diseases as obstacles to
development in poorer countries, the Euro-
pean Commission assembled a special
round table on “accelerated action targeted
at major communicable diseases within the
context of poverty reduction.” The three
major communicable diseases discussed
were tuberculosis (TB), malaria and HIV.
One outcome of this discussion was a work-
shop examining issues related to the fight
against TB in Africa, which took place in
Gorée, Sénégal, in May 2001. The timing
was propitious, as new vaccines for TB (re-
combinant MVA and BCG, and adjuvanated
recombinant fusion proteins or peptide con-
structs), are just beginning to enter human
clinical trials. All but the last of these have
shown promise in animal models, up to and
including non-human primates, and all are
strongly immunogenic and apparently safe.
Humans trials for safety and efficacy are
thus the logical next step. This review sum-
marizes recent advances in tuberculosis vac-
cine development, with a special emphasis
on issues raised at the Gorée meeting about
testing and deploying new generation vac-
cines in TB-endemic areas such as Africa.—
Authors’Abstract

Mollenkopf, H. J., Dietrich, G., Fensterle,
J., Grode, L., Diehl, K. D., Knapp, B.,
Singh, M., O’Hagan, D. T., Ulmer, J.
B., and Kaufmann, S. H. Enhanced pro-
tective efficacy of a tuberculosis DNA
vaccine by adsorption onto cationic PLG
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microparticles. Vaccine 22(21–22) (2004)
2690–2695.

Immunization with plasmid DNA vectors
represents a promising new approach to vac-
cination. It has been shown to elicit humoral
and cellular immunity and protection in var-
ious infection models. Here, we assessed the
immunogenicity and protective efficacy of a
DNA vaccine vector encoding the antigen
85A(Ag85A) of Mycobacterium tuberculosis.
Since intramuscular (i.m.) immunization with
naked DNArequires considerable amounts of
DNA in order to be effective, we evaluated
a strategy to reduce the amount of DNA
needed. To this end, we used Ag85A DNA
adsorbed onto cationic poly(DL-lactide-co-
glycolide) (PLG) microparticles and ob-
served similar levels of protection against
aerosol challenge in mice using doses of PLG-
DNA two orders of magnitude lower than
with naked DNA itself.—Authors’Abstract

Sharma, N., and Agrewala, J. N. Potent
role of vaccines prepared from macro-
phages infected with live bacteria in pro-
tection against Mycobacterium tubercu-
losis and Salmonella typhimurium
infections. J. Infect Dis. 190(1) (2004)
107–114. Epub 2004 Jun. 08.

The present study describes a novel and
simple vaccination strategy that involves the
culturing of live Mycobacterium tuberculo-
sis and Salmonella typhimurium in syn-
geneic, allogeneic, and xenogeneic macro-
phages, followed by drug treatment and
gamma irradiation, to kill the bacteria. No-
table observations were that the lymphocytes
obtained from the vaccinated mice prolifer-
ated and secreted mainly interferon- gamma
and IgG2a, but not interleukin-4 and IgG1.
The enumeration of viability of M. tubercu-
losis indicated a significant level of protec-
tion in the vaccinated mice after challenge
with live M. tuberculosis. This vaccination
strategy worked successfully for tuberculo-
sis but also showed a significant decrease in
mortality of mice challenged with live S. ty-
phimurium.—Authors’Abstract

Skeiky, Y. A., Alderson, M. R., Ovendale,
P. J., Guderian, J. A., Brandt, L., Dil-
lon, D. C., Campos-Neto, A., Lobet, Y.,

Dalemans, W., Orme, I. M., and Reed,
S. G. Differential immune responses and
protective efficacy induced by compo-
nents of a tuberculosis polyprotein vac-
cine, Mtb72F, delivered as naked DNA or
recombinant protein. J. Immunol. 172(12)
(2004) 7618–7628.

Key Ags of Mycobacterium tuberculosis
initially identified in the context of host
responses in healthy purified protein
derivative-positive donors and infected
C57BL/6 mice were prioritized for the de-
velopment of a subunit vaccine against tu-
berculosis. Our lead construct, Mtb72F,
codes for a 72-kDa polyprotein genetically
linked in tandem in the linear order
Mtb32(C)-Mtb39-Mtb32(N). Immunization
of C57BL/6 mice with Mtb72F DNA re-
sulted in the generation of IFN-gamma re-
sponses directed against the first two com-
ponents of the polyprotein and a strong
CD8(+) T cell response directed exclusively
against Mtb32(C). In contrast, immuniza-
tion of mice with Mtb72F protein formu-
lated in the adjuvant AS02A resulted in the
elicitation of a moderate IFN-gamma re-
sponse and a weak CD8(+) T cell response
to Mtb32c. However, immunization with a
formulation of Mtb72F protein in AS01B
adjuvant generated a comprehensive and ro-
bust immune response, resulting in the elic-
itation of strong IFN-gamma and Ab re-
sponses encompassing all three components
of the polyprotein vaccine and a strong
CD8(+) response directed against the same
Mtb32(C) epitope identified by DNA im-
munization. All three forms of Mtb72F
immunization resulted in the protection of
C57BL/6 mice against aerosol challenge
with a virulent strain of M. tuberculosis.
Most importantly, immunization of guinea
pigs with Mtb72F, delivered either as DNA
or as a rAg-based vaccine, resulted in
prolonged survival (>1 year) after aerosol
challenge with virulent M. tuberculosis
comparable to bacillus Calmette-Guérin im-
munization. Mtb72F in AS02A formulation
is currently in phase I clinical trial, making
it the first recombinant tuberculosis vaccine
to be tested in humans.—Authors’Abstract

Wang, Q. M., Sun, S. H., Hu, Z. L., Zhou,
F. J., Yin, M., Xiao, C. J., and Zhang, J.
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C. Epitope DNA vaccines against tuber-
culosis: spacers and ubiquitin modulates
cellular immune responses elicited by
epitope DNA vaccine. Scand. J. Immu-
nol. 60(3) (2004) 219–225.

Cell-mediated immune responses are cru-
cial in the protection against tuberculosis. In
this study, we constructed epitope DNA vac-
cines (p3-M-38) encoding cytotoxic T lym-
phocyte (CTL) epitopes of MPT64 and 38
kDa proteins of Mycobacterium tuberculo-
sis. In order to observe the influence of
spacer sequence (Ala-Ala-Tyr) or ubiquitin
(UbGR) on the efficacy of the two CTL epi-
topes, we also constructed DNA vaccines,
p3-M-S(spacer)-38, p3-Ub (UbGR)-M-S-38
and p3-Ub-M-38. The immune responses
elicited by the four DNA vaccines were

tested in C57BL/6 (H-2b) mice. The cyto-
toxicity of T cells was detected by LDH-
release method and by enzyme-linked im-
munospot assay for epitope-specific cells
secreting interferon-gamma. The results
showed that DNA immunization with p3-M-
38 vaccine could induce epitope-specific
CD8+ CTL response and that the spacer se-
quence (AAY) only enhanced M epitope
presentation. The protein-targeting sequence
(UbGR) enhanced the immunogenicity of
the two epitopes. The finding that defined
spacer sequences at C-terminus and protein-
targeting degradation modulated the im-
mune response of epitope string DNA vac-
cines will be of importance for the further
development of multi-epitope DNA vac-
cines against tuberculosis.—Authors’ Ab-
stract
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Bakker, M. I., Hatta, M., Kwenang, A.,
Faber, W. R., Van Beers, S. M., Klatser,
P. R., and Oskam, L. Population survey
to determine risk factors for Mycobacte-
rium leprae transmission and infection.
Int. J. Epidemiol. EPub 2004 Jul. 15.

BACKGROUND: Not every leprosy pa-
tient is equally effective in transmitting My-
cobacterium leprae. We studied the spatial
distribution of infection (using seropositiv-
ity as a marker) in the population to identify
which disease characteristics of leprosy pa-
tients are important in transmission. METH-
ODS: Clinical data and blood samples for
anti-M. leprae ELISA were collected during
a cross-sectional survey on five Indonesian
islands highly endemic for leprosy. A geo-
graphic information system (GIS) was used
to define contacts of patients. We investi-
gated spatial clustering of patients and
seropositive people and used logistic regres-
sion to determine risk factors for seroposi-
tivity. RESULTS: Of the 3986 people ex-
amined for leprosy, 3271 gave blood.
Seroprevalence varied between islands
(1.7–8.7%) and correlated significantly with
leprosy prevalence. Five clusters of patients
and two clusters of seropositives were de-
tected. In multivariate analysis, seropositiv-
ity significantly differed by leprosy status,

age, sex, and island. Serological status of
patients appeared to be the best discrimina-
tor of contact groups with higher seropreva-
lence: contacts of seropositive patients had
an adjusted odds ratio (aOR) of 1.75 (95%
CI 0.92–3.31). This increased seropreva-
lence was strongest for contact groups liv-
ing ≤75 m of two seropositive patients (aOR
= 3.07; 95% CI 1.74–5.42). CONCLU-
SIONS: In this highly endemic area for lep-
rosy, not only household contacts of
seropositive patients, but also people living
in the vicinity of a seropositive patient were
more likely to harbour antibodies against M.
leprae. Through measuring the serological
status of patients and using a broader defi-
nition of contacts, higher risk groups can be
more specifically identified.—Authors’Ab-
stract

Deps, P. D., Faria, L. V., Gonçalves, V. C.,
Silva, D. A., Ventura, C. G., and Zan-
donade, E. Epidemiological features of
the leprosy transmission in relation to ar-
madillo exposure. Hansen. Int. 28(2)
(2003) 138–144. [Article in Portuguese].

Introduction and purpose: Some authors
demonstrated the possibility of the armadil-
los, Dasypus novemcinctus, being an envi-



ronmental source of Mycobacterium leprae.
An epidemiologic survey was done to check
the correlation between the human contact
with armadillos and the incidence of lep-
rosy. It discusses some features that could be
involved in the dynamic process of the lep-
rosy development. The objective of this re-
search is to check the frequency of cases of
leprosy contacts with armadillos and also
the interhuman contact before their diagno-
sis to establish the possibility of the M.
leprae transmission to the human being
through the contact with armadillos. Meth-
ods: One hundred and seven leprosy patients
were surveyed (leprosy patients that had fin-
ished the MTD treatment) who lived in the
Pedro Fontes Colony-Hospital, in Cariacica,
Espirito Santo State, Brazil, 29 leprosy pa-
tients and 173 non leprosy patients from a
dermatology service of the city of Vitória,
Brazil. The survey included data about the
armadillo meat consumption before leprosy
diagnosis, the existence of known cases
and/or familial leprosy cases. The data were
analyzed by Qui-square test, correlation and
Exact Fischer Test. Results: 90.4% of the
leprosy patients or cured leprosy patients
had once eaten armadillo meat before their
leprosy diagnosis, while 15% of the non lep-
rosy patients had already eaten armadillo
meat. In a group without leprosy contact be-
fore the diagnosis, 96,1% ate armadillo
meat, and 3,9% didn’t eat. This study sup-
poses a possible source of the M. leprae by
the armadillo meat consumption, mainly, in
a leprosy patients without previous leprosy
contact.—Hansenologia Internationalis

Douglas, J. T., Cellona, R. V., Fajardo, T.
T. Jr., Abalos, R. M., Balagon, M. V.,
and Klatser, P. R. Prospective study of
serological conversion as a risk factor for
development of leprosy among house-
hold contacts. Clin. Diagn. Lab. Im-
munol. 11(5) (2004) 897–900.

Although the prevalence of leprosy has
declined over the years, there is no evidence
that incidence rates are falling. A method of
early detection of those people prone to de-
velop the most infectious form of leprosy
would contribute to breaking the chain of
transmission. Prophylactic treatment of sero-
logically identified high-risk contacts of inci-

dent patients should be an operationally fea-
sible approach for routine control programs.
In addition, classification of high-risk house-
hold contacts will allow control program re-
sources to be more focused. In this prospec-
tive study, we examined the ability of
serology used for the detection of antibodies
to phenolic glycolipid I of Mycobacterium
leprae to identify those household contacts
of multibacillary leprosy patients who had
the highest risk of developing leprosy. After
the start of multidrug therapy for the index
case, a new case of leprosy developed in one
in seven of the 178 households studied. In
households where new cases appeared, the
seropositivity rates were significantly higher
(p <0.001) than those in households without
new cases. Seropositive household contacts
had a significantly higher risk of developing
leprosy (relative hazard adjusted for age and
sex [aRH], 7.2), notably multibacillary lep-
rosy (aRH = 24), than seronegative con-
tacts.—Authors’Abstract

Mak, D. B., Platt, E. M., and Heath, C. H.
Leprosy transmission in the Kimberley,
Western Australia. Med. J. Austral. 179(8)
(2003) 452.

Between 1986 and 2002, a total of 28 new
leprosy cases were notified to the Kimberly
Public Health Unit in Western Australia,
Australia. At diagnosis, the patients were
aged 8–63 years. In several recent cases, di-
agnosis was delayed despite multiple pre-
sentations to primary health care staff and
medical specialists. Eleven patients (39%)
had multibacillary disease, and can transmit
the disease. The need for the proper man-
agement of leprosy patients and to control
the increasing population movement in and
out of leprosy-endemic areas to prevent lep-
rosy transmission to other parts of Australia
is discussed.—Tropical Diseases Bulletin

Meima, A., Smith, W. C., van Oort-
marssen, G. J., Richardus, J. H., and
Habbema, J. D. The future incidence of
leprosy: a scenario analysis. Bull. World
Health Organ. 82(5) (2004) 373–380.

See Current Literature, General and His-
torical, p. 511.
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Deepak, S. Answering the rehabilitation
needs of leprosy-affected persons in inte-
grated setting through primary health
care services and community-based reha-
bilitation. Indian J. Lepr. 75(2) (2003)
127–142.

This article aims to discuss the strategies
for answering the rehabilitation needs of
persons with leprosy-related disabilities in
integrated settings through primary health
care (PHC) services and community-based
rehabilitation (CBR). While the provision
of rehabilitation services through the PHC
system remains problematic in most devel-
oping countries, the article concludes that
CBR programs have the potential for reha-
bilitation of leprosy-affected persons in in-
tegrated settings. However, the limited cov-
erage of CBR programs may pose an
obstacle to such an approach. The author
suggests the use of existing specific reha-
bilitation infrastructures meant only for
leprosy-affected persons for initiating, sus-
taining and extending the CBR coverage to
the surrounding communities. At the same
time, the author asks for support and
strengthening of organizations of leprosy-
affected persons, promoting their active in-
volvement in all rehabilitation processes.—
Authors’ Abstract

Kaur, H., and Gandhi, A. People’s percep-
tion of leprosy—a study in Delhi. Indian
J. Lepr. 75(1) (2003) 37–46.

Leprosy is considered to cause more so-
cial than medical problems. The present
study focussed on this aspect in order to in-
vestigate the level of awareness among
people—about their attitude towards the dis-
ease and the afflicted. The results are based
on interviews with 104 persons in Delhi.
The sample data revealed that the level of
knowledge of leprosy was inadequate. The
cause of the disease was known to 44.2% of
those interviewed, while 31.7% were com-

pletely ignorant; 6.7% believed it to be the
consequence of an individual’s past mis-
deeds, and 1.9% believed it to have been
caused by divine curse. 63.1% were aware
that the disease is curable. 73.1% of the per-
sons interviewed sympathised with leprosy-
afflicted beggars. 61.5% favored leprosy
patients to stay with their families and
within their communities. 67.3% felt that the
cured could marry, while 25% felt that the
leprosy-afflicted should stay in leprosy
colonies away from the society. 54.8% were
reluctant to employ the leprosy-afflicted as
domestic help, and 31.7% were reluctant to
establish matrimonial relationship with a
family having a leprosy-afflicted person. The
data call for intensification ofpublic aware-
ness regarding the aetiology of leprosy. Pos-
itive and scientific information should be
disseminated to minimize the social preju-
dices associated with the disease.—Authors’
Abstract

Qian, J. G., Yan, L. B., Li, W. Z., and
Zhang, G. C. Posterior tibialis transfer
for foot-drop due to leprosy: a case with
40 years follow-up. Br. J. Plast. Surg.
57(5) (2004) 450–452.

A 56-year-old male was transferred to our
centre because of a relapse of leprosy neuri-
tis in the hands. We found that the patient
had received a posterior tibialis tendon
transfer for correction of his left dropped
foot 40 years previously. On examination
active dorsiflexion of the left ankle joint was
close to 0 degrees with grade 4 power of
dorsiflexion, and the plantar flexion was
about 35 degrees. Walking gait was almost
normal. There were some scars on the plan-
tar surface of the left metatarsal area; but
with the continuous use of a soft dressing
pad under the middle part of the sole, plan-
tar ulceration has been avoided for many
years even with active daily activities of the
patient. The patient is very satisfied with the
operative results.—Authors’Abstract

72, 4 Current Literature, Rehabilitation and Social Concerns 557

Rehabilitation and Social Concerns 



Arend, S. M., Cerda de Palou, E., de
Haas, P., Janssen, R., Hoeve, M. A.,
Verhard, E. M., Ottenhoff, T. H., van
Soolingen, D., and van Dissel, J. T.
Pneumonia caused by Mycobacterium
kansasii in a series of patients without
recognised immune defect. Clin. Micro-
biol. Infect. 10(8) (2004) 738–748.

The clinical and epidemiological charac-
teristics of 17 patients diagnosed with My-
cobacterium kansasii pneumonia within a
limited geographical region over a period of
10 years are described. An in-depth evalua-
tion of the innate and adaptive immune sys-
tems was performed for five available pa-
tients. A comparison was made of the
genetic fingerprint patterns of the isolates
obtained by restriction fragment length
polymorphism (RFLP) analysis, with the
major polymorphic tandem repeat (MPTR)
as a probe. Predisposing factors consisted of
smoking, airway abnormalities, substance
abuse, diabetes or poor general condition,
but in two patients no risk factor was identi-
fied. In the five patients tested, no abnor-
malities or deficiencies were detected in the
innate or adaptive type-1 immunity. All M.
kansasii isolates had identical MPTR RFLP
patterns, although no epidemiological con-
nection could be established, and these were
identical to those of clinical isolates from
Australian patients. These data do not sup-
port the theory that defects in the innate or
adaptive type-1 immunity have a role in the
pathogenesis of invasive M. kansasii infec-
tions. The identical fingerprint patterns of
the isolates suggested the existence of a vir-
ulent strain of M. kansasii.—Authors’ Ab-
stract

Debacker, M., Aguiar, J., Steunou, S. Z.,
Meyers, W. M., Guédénon, Scott, J. T.,
Dramaix, M., and Portaels, F. Myco-
bacterium ulcerans disease (Buruli
Ulcer) in rural hospital, Southern Benin,
1997–2001. Emerg. Infect. Dis. 10(8)
(2004) 1391–1398.

Data from 1700 patients living in south-
ern Benin were collected at the Centre San-

itaire et Nutritionnel Gbemoten, Zagnanado,
Benin, from 1997 through 2001. In the Zou
region in 1999, Buruli ulcer (BU) had a
higher detection rate (2.15/100,000) than
leprosy (13.4/100,000) and tuberculosis
(20.0/100,000). More than 13% of the pa-
tients had osteomyelitis. Delay in seeking
treatment declined from 4 months in 1989 to
1 month in 2001, and median hospitalization
time decreased from 9 months in 1989 to 1
month in 2001. This reduction is attributed,
in part, to implementing an international co-
operation program, creating a national BU
program, and making advances in patient
care.—Emerging Infectious Diseases

Desmond, E., Ahmed, A. T., Probert, W.
S., Ely, J., Jang, Y., Sanders, C. A., Lin,
S. Y., and Flood, J. Mycobacterium
africanum cases, California. Emerg. In-
fect. Dis. 10(5) (2004) 921–923.

Five Mycobacterium tuberculosis com-
plex isolates in California were identified as
M. africanum by spoligotyping, single nu-
cleotide polymorphisms, a deletion muta-
tion, and phenotypic traits, confirming it as
a cause of tuberculosis in the United States.
Three of the five patients from whom M.
africanum was isolated had lived in Africa.
—Authors’Abstract

Drummond, C., and Butler, J. R. Myco-
bacterium ulcerans treatment costs, Aus-
tralia. Emerg. Infect. Dis. 10(6) (2004)
1038–1043.

Mycobacterium ulcerans gives rise to se-
vere skin ulceration that can be associated
with considerable illness. The cost of diag-
nosis, treatment, and lost income has never
been assessed in Australia. A survey of 26
confirmed cases of the disease in Victoria
was undertaken. Data were collected on
demographic details, diagnostic tests, treat-
ment, time off work, and travel to obtain
treatment. All costs are reported in Aus-
tralian dollars in 1997–1998 prices. The cost
varies considerably with disease severity.
For mild cases, the average direct cost is
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6803 Australian dollars, and for severe cases
27,681 Australian dollars. Hospitalization
accounts for 61% to 90% of costs, and indi-
rect costs amount to 24% of the total per
case. M. ulcerans can be an expensive dis-
ease to diagnose and treat. Costs can be re-
duced by early diagnosis and definitive
treatment. Research is needed to find cost-
effective therapies for this disease.—Au-
thors’Abstract

Eddyani, M., Ofori-Adjei, D., Teugels, G.,
De Weirdt, D., Boakye, D., Meyers, W.
M., and Portaels, F. Potential role for
fish in transmission of Mycobacterium ul-
cerans disease (Buruli ulcer): an envi-
ronmental study. Appl. Environ. Micro-
biol. 70(9) (2004) 5679–5681.

This study reports a potential role that fish
may play in the transmission of Mycobac-
terium ulcerans disease (Buruli ulcer). Fish
found positive for M. ulcerans DNA all ap-
pear to feed on insects or plankton and are
believed to concentrate M. ulcerans from
this usual food source. These observations
provide additional data supporting our pre-
vious hypothesis on sources of M. ulcerans
and modes of transmission.—Authors’ Ab-
stract

Field, S. K., Fisher, D., and Cowie, R. L.
Mycobacterium avium complex pul-
monary disease in patients without HIV
infection. Chest 126(2) (2004) 566–581.

Mycobacterium avium complex (MAC) is
ubiquitous. It is found in various freshwa-
ter and saltwater sources around the world,
including hot water pipes. Although the or-
ganism was identified in the 1890s, its po-
tential to cause human disease was only rec-
ognized 50 years later. Only a minority of
people exposed to the organism will acquire
MAC lung disease, usually those with un-
derlying lung disease or immunosuppres-
sion. MAC may, however, cause progressive
parenchymal lung disease and bronchiecta-
sis in patients without underlying lung dis-
ease, particularly in middle-aged and elderly
women. Preliminary data suggest that the
interferon-gamma pathways may be defi-
cient in elderly women with MAC lung dis-

ease. Other groups of patients who are more
likely to harbor MAC in their lungs include
patients with a cystic fibrosis or an abnormal
alpha(1)-antiproteinase gene and patients
with certain chest wall abnormalities. Treat-
ment results continue to be disappointing,
and the mortality of patients with MAC lung
disease remains high. A PubMed search
identified 38 reports of the treatment of
MAC lung disease. Apart from the British
Thoracic Society study, the only published
controlled investigation, the studies pub-
lished since 1994 have included a macro-
lide, either clarithromycin or azithromycin,
usually in combination with ethambutol and
a rifamycin. If success is defined as eradica-
tion of the organism without relapse over a
period of several years after treatment has
been discontinued, the reported treatment
success rate with the macrolide containing
regimens is approximately 55%. The pro-
longed treatment period, side effects, and
possibly reinfection rather than relapse are
responsible for the high failure rate.—Au-
thors’Abstract

Fujita, J., Kishimoto, T., Ohtsuki, Y.,
Shigeto, E., Ohnishi, T., Shiode, M., Ya-
maji, Y., Suemitsu, I., Yamadori, I.,
Bandoh, S., Nishimura, K., Mat-
sushima, T., and Ishida, T. Clinical fea-
tures of eleven cases of Mycobacterium
avium-intracellulare complex pulmonary
disease associated with pneumoconiosis.
Respir. Med. 98(8) (2004) 721–725.

The relationship between silicosis and tu-
berculosis is well known. Also other myco-
bacteria such as Mycobacterium kansasii
often occur in association with pneumoco-
niosis. However, there are few reports de-
scribing an association of M. avium-
intracellulare complex (MAC) lung disease
and pneumoconiosis. The purpose of the
present study is to describe clinical features
of MAC respiratory infection associated
with pneumoconiosis. Eleven patients with
MAC respiratory infection associated with
pneumoconiosis (all men, 6 with silicosis
and 5 with welders’ pneumoconiosis) were
collected. A determination of whether or not
MAC caused pulmonary disease was made
using the 1997 criteria required by the
American Thoracic Society. Radiologically,
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cavity formation as well as upper lung field
predominance of MAC disease were ob-
served in 8 of 11 cases (72.7%). Two of 11
patients died of respiratory failure. Our pres-
ent study clearly demonstrates that clinical
features of MAC respiratory infection asso-
ciated with pneumoconiosis were different
from MAC without underlying diseases.—
Authors’Abstract

Garcia-Pelayo, M. C., Caimi, K. C., In-
wald, J. K., Hinds, J., Bigi, F., Romano,
M. I., van Soolingen, D., Hewinson, R.
G., Cataldi, A., and Gordon, S. V. Mi-
croarray analysis of Mycobacterium mi-
croti reveals deletion of genes encoding
PE-PPE proteins and ESAT-6 family anti-
gens. Tuberculosis (Edinb.) 84(3–4)
(2004) 159–166.

Mycobacterium microti is the agent of tu-
berculosis in wild voles and has been used
as a live vaccine against tuberculosis in man
and cattle. To explore the M. microti genome
in greater detail, we used a M. tuberculosis
H37Rv genomic DNA microarray to detect
gene deletions among M. microti isolates. A
number of deletions were identified that cor-
related with those described previously (In-
fect. Immun. 70 (2002) 5568) but a novel M.
microti deletion was also found (MiD4)
which removes 5 genes that code for ESAT-6
family antigens and PE-PPE proteins.
Southern blot experiments showed that this
region was also deleted from M. pinnipedii,
a mycobacterium isolated from seals that is
closely related to M. microti. Genes encod-
ing ESAT-6 antigens and PE-PPE proteins
appear to be frequently deleted from M. mi-
croti, and the implications of this are dis-
cussed.—Authors’Abstract

Haverkamp, M. H., Arend, S. M., Linde-
boom, J. A., Hartwig, N. G., and van
Dissel, J. T. Nontuberculous mycobacte-
rial infection in children: a 2-year
prospective surveillance study in the
Netherlands. Clin. Infect. Dis. 39(4)
(2004) 450–456. Epub 2004 Jul. 23.

We performed a prospective, 2-year na-
tionwide study to assess incidence and dis-
ease characteristics of suspected infections

with nontuberculous mycobacteria (NTM)
in children, via the Netherlands Pediatric
Surveillance Unit. Data for 61 children were
reported (median age, 31 months; interquar-
tile range, 22–50 months; female sex, 37
subjects); 2 subjects had an underlying dis-
ease. Most children (53 [87%] of 61) had
cervical lymph node enlargement, with ab-
scess in 25 (47%) and fistula in 11 (21%).
The estimated annual incidence of NTM in-
fection was 77 cases per 100,000 children.
In 16 children, the diagnosis was based
solely on the results of skin tests with my-
cobacterial antigens. Cultures were per-
formed in 36 cases and yielded mycobacte-
ria in 27 (75%); Mycobacterium avium was
isolated from 18 cultures. Children with a
culture positive for mycobacteria did not
differ in presentation, complications, or
treatment from those whose cultures showed
no growth. Thirty children underwent
surgery, and chemotherapy was the single
treatment in 24 (39%) of the cases. The
treatment of localized NTM infection in im-
munocompetent children by antimycobacte-
rial drugs should be evaluated further.—Au-
thors’Abstract

Heckman, G. A., Hawkins, C., Morris, A.,
Burrows, L. L., and Bergeron, C.
Rapidly progressive dementia due to
Mycobacterium neoaurum meningo-
encephalitis. Emerg. Infect. Dis. 10(5)
(2004) 924–927.

Dementia developed in a patient with
widespread neurologic manifestations; she
died within 5 months. Pathologic findings
showed granulomatous inflammation with
caseation necrosis, foreign body-type giant
cells, and proliferative endarteritis with vas-
cular occlusions. Broad-range polymerase
chain reaction identified Mycobacterium
neoaurum as the possible pathogen. Central
nervous system infection by M. neoaurum
may result in rapidly progressive demen-
tia.—Authors’Abstract

Hyon, J. Y., Joo, M. J., Hose, S., Sinha, D.,
Dick, J. D., and O’Brien, T. P. Com-
parative efficacy of topical gatifloxacin
with ciprofloxacin, amikacin, and clar-
ithromycin in the treatment of experi-
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mental Mycobacterium chelonae kerati-
tis. Arch. Ophthalmol. 122(8) (2004)
1166–1169.

OBJECTIVE: To determine the compara-
tive efficacy of topical gatifloxacin with
ciprofloxacin, fortified amikacin, and clar-
ithromycin against Mycobacterium che-
lonae keratitis in an animal model. METH-
ODS: Experimental M. chelonae keratitis
was induced via intrastromal inoculation in
a rabbit model. Thirty-five rabbits were ran-
domly divided into 5 groups and each group
was treated hourly for 12 hours with topical
0.9% balanced salt solution, 0.3% gati-
floxacin, 0.3% ciprofloxacin hydrochloride,
a combination of topical fortified amikacin
sulfate (50 mg/mL) and clarithromycin (10
mg/mL), or a triple combination of topical
0.3% gatifloxacin, fortified amikacin sulfate
(50 mg/mL), and clarithromycin (10 mg/
mL). Antibacterial efficacy of each regimen
was determined by quantitative bacterio-
logic analysis. RESULTS: Treatment with
0.3% gatifloxacin or the triple combination
of 0.3% gatifloxacin, topical fortified
amikacin sulfate (50 mg/mL), and clar-
ithromycin (10 mg/mL) reduced the number
of mycobacterial organisms more signifi-
cantly than the controls that were treated
with a topical balanced salt solution (both p
<.001). Therapy with 0.3% gatifloxacin was
more effective than 0.3% ciprofloxacin
alone (p <.001) and demonstrated synergy
by enhancing the efficacy of the combina-
tion of fortified amikacin (50 mg/mL) and
clarithromycin (10 mg/mL) (p <.001). Nei-
ther 0.3% ciprofloxacin nor the combination
of fortified amikacin (50 mg/mL) and clar-
ithromycin (10 mg/mL) demonstrated a sig-
nificant difference in activity against myco-
bacteria compared with the topical balanced
salt solution. CONCLUSION: These results
suggest that topical 0.3% gatifloxacin oph-
thalmic solution can be a new initial treat-
ment agent against M. chelonae kera-
titis.Clinical Relevance Topical gatifloxacin
0.3% may provide an initial alternative in
therapy of M. chelonae keratitis.—Authors’
Abstract

Kapur, N., Schuster, H., Parker, N.,
Kelsey, M. C., and Goldsmith, P. C. Se-
vere sporotrichoid infection with Myco-

bacterium szulgai. Clin. Exp. Dermatol.
29(4) (2004) 377–379.

Mycobacterium szulgai is a nontubercu-
lous, acid-fast bacillus or atypical mycobac-
teria, which prior to 1972 was not thought of
as a pathogen. Since then most cases re-
ported in the literature have been of pul-
monary disease with only a few case reports
of cutaneous disease. Our patient, who had
an underlying, uncategorized, immunosup-
pressive condition, presented with multiple
severe ulcers spreading proximally up the
arms in a sporotrichoid pattern with more
scatttered lesions on his legs. He made a full
recovery with appropriate antimicrobial
treatment.—Authors’Abstract

Lewis, C. G., Wells, M. K., and Jennings,
W. C. Mycobacterium fortuitum breast
infection following nipple-piercing, mim-
icking carcinoma. Breast J. 10(4) (2004)
363–365.

We reviewed a rare breast infection
occurring 4 months after nipple piercing.
Clinical examination suggested carcinoma.
Mycobacterium fortuitum was eventually
isolated after surgical biopsy and debride-
ment. Antibiotic therapy was initiated intra-
venously using two drugs and oral therapy
was continued for 6 months. A contralateral
mycobacterial lesion emerged and was ex-
cised along with a residual fibrotic nodule at
the original biopsy site. When adequate
sampling of a complex and suspicious breast
mass is benign and initial bacterial cultures
are sterile, mycobacterial infection should
be considered, particularly when there is a
history of previous nipple piercing proce-
dures.—Authors’Abstract

Lopez-Calleja, A. I., Lezcano, M. A.,
Samper, S., de Juan, F., and Revillo, M.
J. Mycobacterium malmoense lym-
phadenitis in Spain: first two cases in im-
munocompetent patients. Eur. J. Clin. Mi-
crobiol. Infect. Dis. 23(7) (2004) 567–569.
Epub 2004 Jun. 26.

Reported here are two cases of Mycobac-
terium malmoense lymphadenitis that oc-
curred in two immunocompetent children in
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Spain. To the best of our knowledge, these
are the first documented cases of extrapul-
monary infection by M. malmoense in
Spain. This report serves to draw attention
to this emerging nontuberculous mycobac-
terium that is gaining increasing recognition
as a pulmonary and extrapulmonary patho-
gen in different countries.—Authors’ Ab-
stract

Majoor, C. J., Schreurs, A. J., and Weers-
Pothoff, G. Mycobacterium xenopi in-
fection in an immunosuppressed patient
with Crohn’s disease. Thorax. 59(7)
(2004) 631–632.

A 48 year old patient with active Crohn’s
disease presented with bilateral nodules over
his lungs resembling malignant metastasis.
Bronchoscopic and pathological examina-
tion of the airways and sputum did not show
any malignancy. After 6 weeks Mycobacte-
rium xenopi was cultured from his bronchial
washings while all other cultures remained
negative. Treatment was started with ri-
fampicin, ethambutol, and clarithromycin
and, after 9 months of treatment, there was
an almost complete resolution of his chest
radiograph.—Authors’Abstract

Marras, T. K., and Daley, C. L. A System-
atic Review of the Clinical Significance
of Pulmonary Mycobacterium kansasii
Isolates in HIV Infection. J. Acquir. Im-
mune Defic. Syndr. 36(4) (2004) 883–889.

SUMMARY: Guidelines recommend
treating HIV-infected patients with pul-
monary Mycobacterium kansasii infection
only in the presence of multiple positive cul-
tures and clinical and radiographic abnor-
malities. Some authors suggest a single pos-
itive culture warrants treatment. A
systematic literature review was done to de-
termine whether HIV-infected patients who
had M. kansasii isolated from respiratory
specimens may have an indolent infection
(often referred to as colonization) not re-
quiring treatment and to determine the util-
ity of diagnostic criteria in distinguishing
disease from indolent infection. Sixteen
studies were included, with at least 573 pa-
tients: mean age 44 years; 91% male; 64%

men who had sex with men; 35% injection
drug users; and median CD4 lymphocyte
count of 2–381 cells/microL. The median
rate of indolent infection was 8%. Of the
few patients who did not satisfy diagnostic
criteria and were left untreated, outcomes
were generally favorable. Overall, survival
was longer in treated patients (mean 12 vs.
4 months). Indolent pulmonary infection
with M. kansasii may exist in the setting of
HIV, but published data do not provide ad-
equate information to identify such patients.
It is unclear whether unfulfilled diagnostic
criteria necessarily imply the absence of dis-
ease in this context.—Authors’Abstract

Mostowy, S., Onipede, A., Gagneux, S.,
Niemann, S., Kremer, K., Desmond, E.
P., Kato-Maeda, M., and Behr, M. Ge-
nomic analysis distinguishes Mycobacte-
rium africanum. Clin. Microbiol. 42(8)
(2004) 3594–3599.

Mycobacterium africanum is thought to
comprise a unique species within the Myco-
bacterium tuberculosis complex. M. afri-
canum has traditionally been identified by
phenotypic criteria, occupying an interme-
diate position between M. tuberculosis and
M. bovis according to biochemical charac-
teristics. Although M. africanum isolates
present near-identical sequence homology to
other species of the M. tuberculosis com-
plex, several studies have uncovered large
genomic regions variably deleted from cer-
tain M. africanum isolates. To further inves-
tigate the genomic characteristics of organ-
isms characterized as M. africanum, the
DNA content of 12 isolates was interrogated
by using Affymetrix GeneChip. Analysis re-
vealed genomic regions of M. tuberculosis
deleted from all isolates of putative diag-
nostic and biological consequence. The dis-
tribution of deleted sequences suggests that
M. africanum subtype II isolates are situated
among strains of “modern” M. tuberculosis.
In contrast, other M. africanum isolates
(subtype I) constitute two distinct evolu-
tionary branches within the M. tuberculosis
complex. To test for an association between
deleted sequences and biochemical attri-
butes used for speciation, a phenotypically
diverse panel of “M. africanum-like” isolates
from Guinea-Bissau was tested for these
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deletions. These isolates clustered together
within one of the M. africanum subtype I
branches, irrespective of phenotype. These
results indicate that convergent biochemical
profiles can be independently obtained for
M. tuberculosis complex members, chal-
lenging the traditional approach to M. tu-
berculosis complex speciation. Furthermore,
the genomic results suggest a rational frame-
work for defining M. africanum and provide
tools to accurately assess its prevalence in
clinical specimens.—Authors’Abstract

Phillips, R., Adjei, O., Lucas, S., Benjamin,
N., and Wansbrough-Jones, M. Pilot
randomized double-blind trial of treatment
of Mycobacterium ulcerans disease (Bu-
ruli ulcer) with topical nitrogen oxides.
Antimicrob. Agents Chemother. 48(8)
(2004) 2866–2870.

Mycobacterium ulcerans disease (Buruli
ulcer) is a serious ulcerating skin disease
which is common in many tropical coun-
tries. Standard treatment, by extensive exci-
sion and skin grafting, is not available in
rural communities where the disease is com-
mon. We evaluated the efficacy and safety of
treatment with topical nitrogen oxides.
Thirty-seven patients with a clinical diag-
nosis of Buruli ulcer caused by M. ulcerans
disease were randomly assigned to one of
two groups. In one group, two creams con-
taining sodium nitrite (6%, wt/wt) or citric
acid monohydrate (9%, wt/wt) were applied
daily for 6 weeks, while the other group re-
ceived a placebo. In the second 6 weeks,
both groups received the nitrogen oxide-
generating combination of creams. Treat-
ment was continued for another 4 weeks for
patients whose ulcers were not healed after
12 weeks. The ulcer surface area was mon-
itored by weekly tracings made by assessors
blinded to the treatment. In the first 6 weeks,
patients on sodium nitrite and citric acid
monohydrate (group I, active treatment)
showed a rapid decrease in ulcer size from
28.6 ± 5.6 cm2 (mean ± standard error) to
12.6 ± 3.2 cm2, a decrease significantly
greater than that in group II (from 15.3 ± 3.1
to 11.7 ± 3.7 cm2; p = 0.03). Five ulcers in
the placebo group enlarged during this pe-
riod, compared with one in the active group.
In the second 6 weeks (both groups on ac-

tive treatment), the rates of healing were
similar for the two groups and there was a
significant reduction in ulcer size in group II
(previously on placebo) compared to the
first 6 weeks. Yellow pigmentation of the
skin, which disappeared 3 days after treat-
ment was stopped, was the only side effect
to date. We conclude that creams releasing
nitrogen oxides increase the healing rate of
ulcers caused by M. ulcerans infection with
minimal adverse events. This is the first con-
trolled trial of any form of therapy which
demonstrates efficacy in treating this dis-
ease.—Authors’Abstract

Phillips, R., Kuijper, S., Benjamin, N.,
Wansbrough-Jones, M., Wilks, M., and
Kolk, A. H. In vitro killing of Mycobac-
terium ulcerans by acidified nitrite. An-
timicrob. Agents Chemother. 48(8)
(2004) 3130–3132.

Mycobacterium ulcerans, which causes
Buruli ulcer, was exposed to acidified nitrite
or to acid alone for 10 or 20 min. Killing
was rapid, and viable counts were reduced
below detectable limits within 10 min of ex-
posure to 40 mM acidified nitrite. M. ulcer-
ans is highly susceptible to acidified nitrite
in vitro.—Authors’Abstract

Piersimoni, C., Goteri, G., Nista, D., Mar-
iottini, A., Mazzarelli, G., and Borni-
gia, S. Mycobacterium lentiflavum as an
emerging causative agent of cervical
lymphadenitis. J. Clin. Microbiol. 42(8)
(2004) 3894–3897.

A lymph node excision was performed on
a 45-year-old woman with left cervical
swelling. The disorder which developed
after the patient had undergone oral surgery
for a severe periodontal disease failed to re-
spond to antimicrobial chemotherapy. A my-
cobacterial strain subsequently identified by
high-performance liquid chromatography
analysis of cell wall mycolic acids as Myco-
bacterium lentiflavum grew from the ex-
cised specimen. This case and previously
published reports highlight the relevance of
M. lentiflavum as an emerging causative
agent of mycobacterial cervical lymph-
adenitis.—Authors’Abstract
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Reddy, V. M., Suleman, F. G., and Hay-
worth, D. A. Mycobacterium avium
binds to mouse intestinal mucus aldolase.
Tuberculosis (Edinb.) 84(5) (2004) 303–-
310.

SETTING: Mycobacterium avium com-
plex (MAC) is known to colonize the gas-
trointestinal tract of human immunodefi-
ciency virus (HIV) infected patients before
causing bacteremia and disseminated dis-
ease. However, the mechanism involved 
in the gastrointestinal colonization is not
known. OBJECTIVE: To identify putative
intestinal mucus receptors which serve as
anchor for MAC colonization. DESIGN:
C57BL/6 mouse intestinal mucus was sub-
jected to single and two-dimensional elec-
trophoresis and blotted on nitrocellulose
membranes. MAC specific mucus proteins
were identified by probing the mucus west-
ern blots with biotinylated proteins derived
from M.avium strain 101 (MAC101). RE-
SULTS: Biotinylated MAC 101 proteins
recognized a 39 kDa intestinal mucus gly-
coprotein. The protein displaying an iso-
electric point (pI) of 9.0, was found to be pe-
riodate sensitive but resistant to sialidase,
heparinase I and chondroitinase ABC. The
internal amino acid sequence of the 39 kDa
protein displayed homology with fructose-
1-6-bisphosphate aldolase B (aldolase). The
proclivity between MAC adhesins and al-
dolase was confirmed by probing rabbit
muscle aldolase with MAC proteins. Fur-
thermore, both 25 and 31 kDa MAC ad-
hesins, superoxide dismutase and heparin
binding protein, respectively, were found to
bind to aldolase. CONCLUSIONS: MAC
binds to intestinal mucus aldolase, conceiv-
ably facilitating intestinal colonization of
the organism.—Authors’Abstract

Schulzke, S., Adler, H., Bar, G., Hein-
inger, U., and Hammer, J. Mycobacte-
rium bohemicum—a cause of paediatric
cervical lymphadenitis. Swiss. Med.
Wkly. 134(15–16) (2004) 221–222.

We report on two toddlers suffering from
Mycobacterium bohemicum lymphadenitis.
Acid-fast bacilli were cultured from sub-
mandibular lymph nodes and identified by
molecular methods as Mycobacterium bo-

hemicum. Surgical treatment was successful
and complemented by oral treatment with
clarithromycin and rifampicin.—Authors’
Abstract

Sedlacek, L., Rifai, M., Feldmann, K.,
and Bange, F. C. LightCycler-based dif-
ferentiation of Mycobacterium abscessus
and Mycobacterium chelonae. J. Clin.
Microbiol. 42(7) (2004) 3284–3287.

In this study we introduce a rapid proce-
dure to identify Mycobacterium abscessus
(types I and II) and M. chelonae using
LightCycler-based analysis of the hsp65
gene. Results from 36 clinical strains were
compared with hsp65 gene restriction analy-
sis and biochemical profiles of bacilli. As all
three methods yielded identical results for
each isolate, this procedure offers an excel-
lent alternative to previously established nu-
cleic acid amplification-based techniques for
the diagnosis of mycobacterial diseases.—
Authors’Abstract

Tan, H. H., Tan, A., Theng, C., and Ng, S.
K. Cutaneous Mycobacterium haemo-
philum infections in immunocompro-
mised patients in a dermatology clinic in
Singapore. Ann. Acad. Med. Singapore.
33(4) (2004) 532–536.

INTRODUCTION: Mycobacterium hae-
mophilum, a nontuberculous mycobacte-
rium (NTM) that was first described in
1978, is a pathogen that can cause an array
of symptoms in immunocompromised pa-
tients, predominantly cutaneous. CLINI-
CAL PICTURE: We report our hospital’s
experience with the first 3 patients diag-
nosed with this infection from 1994 to 2002.
All were women; one had systemic lupus
erythematosus (SLE), one had mycosis fun-
goides and the last had Sjogren’s syndrome
with recurrent bacterial infections, although
the specific nature of her immunocompro-
mised state has not been defined. All were
HIV negative. All 3 women presented with
cutaneous lesions—the first with recurrent
erythematous plaques on the limbs and
back, the second with tender nodules and
abscesses on the knees, and the third with
papular eruptions on the cheek. TREAT-

564 International Journal of Leprosy 2004



MENT/OUTCOME: All responded to a
combination of antibiotics and are presently
still undergoing treatment and follow-up.
CONCLUSION: Infections caused by M.
haemophilum occur mainly in immunocom-
promised patients. They can present with a
variety of cutaneous manifestations, which
require a high index of suspicion and coor-
dination between the treating physician and
the laboratory for diagnosis. Combination
antibiotic treatment is recommended, and
patients should be followed up after treat-
ment to survey for possible relapse.—Au-
thors’Abstract

Tortoli, E., Rindi, L., Garcia, M. J.,
Chiaradonna, P., Dei, R., Garzelli, C.,
Kroppenstedt, R. M., Lari, N., Mattei,
R., Mariottini, A., Mazzarelli, G., Mur-
cia, M. I., Nanetti, A., Piccoli, P., and
Scarparo, C. Proposal to elevate the ge-
netic variant MAC-A, included in the
Mycobacterium avium complex, to species
rank as Mycobacterium chimaera sp. nov.
Int. J. Syst. Evol. Microbiol. 54(Pt. 4)
(2004) 1277–1285.

The possibility that the strains included
within the Mycobacterium avium complex
(MAC), but not belonging either to M.
avium or to Mycobacterium intracellulare,
may be members of undescribed taxa, has
already been questioned by several taxono-
mists. A very homogeneous cluster of 12
strains characterized by identical nucleotide
sequences both in the 16S rDNA and in the
16S–23S internal transcribed spacer was in-
vestigated. Similar strains, previously re-
ported in the literature, had been assigned ei-
ther to the species M. intracellulare on the
basis of the 16S rDNA similarity or to the
group of MAC intermediates. However, sev-
eral phenotypical and epidemiological char-
acteristics seem to distinguish these strains

from all other MAC organisms. The unique
mycolic acid pattern obtained by HPLC is
striking as it is characterized by two clusters
of peaks, instead of the three presented by
all other MAC organisms. All of the strains
have been isolated from humans and all but
one came from the respiratory tract of el-
derly people. The clinical significance of
these strains, ascertained for seven patients,
seems to suggest an unusually high viru-
lence. The characteristics of all the strains
reported in the literature, genotypically iden-
tical to the ones described here, seem to con-
firm our data, without reports of isolations
from animals or the environment or, among
humans, from AIDS patients. Therefore, an
elevation of the MAC variant was proposed
and characterized here, with the name
Mycobacterium chimaera sp. nov.; this
increases the number of species included in
the M. avium complex. The type strain is 
FI-01069T (=CIP 107892T=DSM 44623T).
—Authors’Abstract

van Hest, R., van der Zanden, A., Boeree,
M., Kremer, K., Dessens, M., Weste-
nend, P., Maraha, B., van Uffelen, R.,
Schutte, R., and de Lange, W. Myco-
bacterium heckeshornense infection in an
immunocompetent patient and identifica-
tion by 16S rRNA sequence analysis of
culture material and a histopathology tis-
sue specimen. J. Clin. Microbiol. 42(9)
(2004) 4386–4389.

Mycobacterium heckeshornense is a rare
isolate in clinical specimens. We per-
formed simultaneous 16S rRNA sequence
analysis of a mycobacterium culture and a
histopathology specimen to determine the
relevance of M. heckeshornense infection
in an immunocompetent patient initially
presenting with pneumothorax.—Authors’
Abstract
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Ahmed, N., Alam, M., Rao, K. R., Kauser,
F., Kumar, N. A., Qazi, N. N., Sangal,
V., Sharma, V. D., Das, R., Katoch, V.
M., Murthy, K. J., Suneetha, S.,

Sharma, S. K., Sechi, L. A., Gilman, R.
H., and Hasnain, S. E. Molecular geno-
typing of a large, multicentric collection
of tubercle bacilli indicates geographical



partitioning of strain variation and has
implications for global epidemiology of
Mycobacterium tuberculosis. J. Clin. Mi-
crobiol. 42(7) (2004) 3240–3247.

Tuberculosis continues to be a major
killer disease, despite an all-out effort
launched against it in the postgenomic era.
We describe here the population structure of
Mycobacterium tuberculosis strains, as re-
vealed by a chromosome-wide scan of fluo-
rescent amplified fragment length polymor-
phisms (FAFLPs), for more than 1100
independent isolates from 11 different coun-
tries. The bacterial strains were genotyped
based on a total of 136 ± 1 different FAFLP
markers at the genome sequence interface,
with details on IS6110 profiles, drug resist-
ance status, clinicopathological observa-
tions, and host status integrated into the
analysis process. The strains were found to
cluster with possible geographic affinities,
including the parameters of host species
type, IS6110 profile, and drug susceptibility
status. Of the five most commonly amplified
fragment sets (or amplitypes), type A pre-
dominated in strains of mixed origin, de-
posited in The Netherlands; type B was ex-
clusively observed for Indian isolates; type
C was found mainly in strains from Peru and
Australia; and types D and E predominated
in European strains from France and Italy.
The amplitypes were independent of certain
large sequence polymorphisms representing
two important deletions, TbD1 and Rd9. It
appears that M. tuberculosis has a high ge-
nomic diversity with a possible geographic
evolution. This may have occurred due to
specific genomic deletions and synonymous
substitutions selected rigorously against host
defenses and environmental stresses on an
evolutionary timescale. The genotypic data
reported here are additionally significant for
genotype-phenotype correlations and for de-
termining whether pathogen diversity is a
reflection of the host population diversity.—
Authors’Abstract

Butcher, P. D. Microarrays for Mycobacte-
rium tuberculosis. Tuberculosis (Edinb).
84(3–4) (2004) 131–137.

This special microarray issue of Tubercu-
losis recognises the important contributions

of M. tuberculosis whole genome DNA mi-
croarrays to tuberculosis research by bring-
ing together a range of papers that address
M. tuberculosis physiology, host-pathogen
interactions, mechanisms of drug action, in
vitro and in vivo gene expression, host re-
sponses, comparative genomics and func-
tional analysis of particular genes. A number
of complete datasets of M. tuberculosis
mRNA expression levels are provided to fa-
cilitate multiple cross-condition compari-
son. Microarrays represent one of the new
functional genomics technologies exploiting
genome sequence information that will
bring us closer to realising the scientific and
moral imperatives of better vaccines, diag-
nostics and new drugs for the control of tu-
berculosis throughout the world.—Author’s
Abstract

Fabre, M., Koeck, J. L., Le Fleche, P.,
Simon, F., Herve, V., Vergnaud, G., and
Pourcel, C. High genetic diversity re-
vealed by variable-number tandem repeat
genotyping and analysis of hsp65 gene
polymorphism in a large collection of
“Mycobacterium canettii” strains indicates
that the M. tuberculosis complex is a re-
cently emerged clone of “M. canettii.” J.
Clin. Microbiol. 42(7) (2004) 3248–3255.

We have analyzed, using complementary
molecular methods, the diversity of 43
strains of “Mycobacterium canettii” origi-
nating from the Republic of Djibouti, on the
Horn of Africa, from 1998 to 2003. Geno-
typing by multiple-locus variable-number
tandem repeat analysis shows that all the
strains belong to a single but very distant
group when compared to strains of the My-
cobacterium tuberculosis complex (MTBC).
Thirty-one strains cluster into one large
group with little variability and five strains
form another group, whereas the other seven
are more diverged. In total, 14 genotypes are
observed. The DR locus analysis reveals
additional variability, some strains being de-
void of a direct repeat locus and others hav-
ing unique spacers. The hsp65 gene poly-
morphism was investigated by restriction
enzyme analysis and sequencing of PCR
amplicons. Four new single nucleotide poly-
morphisms were discovered. One strain was
characterized by three nucleotide changes in
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441 bp, creating new restriction enzyme
polymorphisms. As no sequence variability
was found for hsp65 in the whole MTBC,
and as a single point mutation separates M.
tuberculosis from the closest “M. canettii”

strains, this diversity within “M. canettii”
subspecies strongly suggests that it is the
most probable source species of the MTBC
rather than just another branch of the
MTBC.—Authors’Abstract
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