Evaluation of PCR to detect M. leprae

Table 1. Semiquantitative polymerase chain reaction (PCR)} detection of the Mycobacterium leprae DNA using biopsy

samples from leprosy patients and control group

No. of cases evaluated by semiquantitative PCR

Patient classification Bl Negative (percent?) 1+ positive (percent?) 2+ positive (percent) Total
Control (plague psoriasis) Bl=0 30 (100) 0(0) 0(0) 30
Paucibacillary (PB) Bi=0 16 (50) 16 (50) 0(0) 32
0<Bi<3+ 0(0) 4 (80) 1(20) 5
3+ <Bi<4+ 0(0) 13 (65) 7 (35) 20
Muitibacillary (MB) 4+ < BI<5+ 0(0) 3 (50) 3 (50) 6
5+ < Bl <6+ 0(0) 3 (50) 3 (50) 6
Total MB 0(0) 23 (62) 14 (38) 37

Value is a percentage of the number of patients in each row.

Table 2. Semiquantitative polymerase chain reaction (PCR) and histopathological detection of acid-fast bacilli in leprosy

patients

Histopathological detection

No. of cases evaluated by semi-quantitative PCR

of acid fast bacilli Negative (percent') 14 positive (percent?) 2+ positive (percent?) Total
Negative 16 (55) 13 (45) 0 29
Positive 0 26 (65) 14 (35) 40
Total 16 14 69

Value is a percentage of the number of patients in each row.

Bl 0 0 0 1+2+ 3+ 4+ 4+ 5+ 5+ 6+ 6+
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Figure 3. Representative polymerase chain reaction (PCR)
results using patient samples. DNA was purified from
frozen biopsy specimens and PCR was performed as
described in Methods. Samples were analyzed by 1.5%
agarose gel electrophoresis and specific 172-bp DNA was
visualized under ultraviolet light by ethidium bromide stain-
ing. Lanes 2-4 are samples from bacteriological index
{Bl) = 0 and lanes 6-13 are from samples with various Bl.
Lanes 1 and 14 are the 100-bp DNA {adder.

M. leprae (37 out of 37 cases). The positive rate for
PB cases was 50% (16 out of 32 cases). There
was no positive case in plague psoriasis patients
selected as a control group; that is, the specificity
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was 100%. These results suggest that PCR-based
detection of M. leprae employed in this study will be
sensitive to detect leprosy patients even if the
sample is negative for acid-fast staining. Samples
with a Bl of zero were either negative or weakly
positive for PCR. On the other hand, there were no PCR
negative cases in the samples with higher Bl values.

Histopathological detection of M. leprae usually
provides superior sensitivity over slit-skin smear
detection of M. leprae. Thus, in addition to all smear-
positive samples, three smear-negative samples
exhibited positive results in histopathological
detection in the present study (data not shown).
Therefore, we compared PCR results with his-
topathological evaluation of M. leprae. PCR was
positive in all histopathologically positive samples
and 13 (45%) of 29 histopathologically negative
samples (Table 2). Compared to PCR, the sensitivity
and specificity of histopathological examination
were 75.5% and 100%, respectively.

The Ml represents the percentage of solid bacilli
and is considered to represent the denaturation
or the viability of bacilli. In order to explore the
possibility that PCR results might represent such
features of M. leprae, we attempted to compare the
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Table 3. Semiquantitative polymerase chain reaction
(PCR) of leprosy patients grouped by morphological
index (MI)f

PCR semiquantitative results

No. of 1+ positive  No. of 2+ positive

MI groups cases (percent?) cases (percent’) Total
Ml =0% 11 (55) 9 (45) 20
0<Mis10% 9 (90) 1(10) 10
10<MI<20% 3(60) 2 (40) 5
Ml > 20% 0(0) 2 (100) 2
Total 23 14 37

MI was evaluated only for positive MB cases {n = 37). *Value isa
percentage of the number of patients in each row.

PCR resuits with Ml. However, there was no clear
relationship between PCR semiquantitative results
and MI (Table 3). We additionally compared the
semiquantitative results from PCR and serological
examination using an anti-PGL-1 antibody in patient
sera (Table 4). Although humoral immune responses
are considered {o be high in MB patients with a
supposedly high level of M. leprae, there was no clear
correlation between semiquantitative PCR results
and serum antibody titer where correspondence
was 63.8% (x = 0.208).

DISCUSSION

Leprosy is defined as a person having one or more
of the following features: (i) hypopigmented or
reddish skin lesion(s) with definite loss of sensation,;
(i) involvement of the peripheral nerves, as demon-
strated by definite thickening with loss of sensation;
and (jii) skin smear-positive for acid-fast bacilli.?°
Despite the gradually decreasing prevalence and
incidence of leprosy, the incidence rate of untypical

cases is increasing, calling for more sensitive and
specific methods of M. leprae detection in referral
medical settings. Most leprosy patients are diag-
nosed based on the results from conventional
methods such as clinical examination, skin smear
and histopathology. In developing countries, where
most new cases are detected,? clinical signs and
skin smears are still the main tools for the detection
of leprosy patients. The WHO has urged the devel-
opment of simple diagnostic technologies, because
that would help facilitate access to a greater number
of leprosy patients. In addition to the conventional
methods described above, serological examination
and nucleic acid probes have been suggested
for leprosy diagnosis. Unfortunately, none of these
tests have shown sufficient sensitivity or specificity
to serve as a routine diagnostic tool for leprosy. The
major advantages of PCR over other conventional
diagnostic methods are that it is a rapid, specific
and sensitive approach for the identification of
pathogenic microorganisms. It is possible to utilize
crude biological samples for PCR with no need for
isolation or growth in culture. This is particulariy
important when trying to identify organisms that are
difficult to be cultured, as exemplified by M. leprae.

In our study, primers P2-P3 successfully detected
M. leprae DNA from 8.3 bacilli, showing a greater
sensitivity than described.'®? All MB patients had
a PCR-positive result, as expected, and more
importantly, 50% of PB patients showed detectable
M. leprae DNA by our PCR ampilification. In clinical
practice, it is extremely important to detect M. leprae
on Bl-negative samples. Histopathology is still not
sufficient as an alternative method to detect patients
whose Bl is zero, although it is more sensitive
than skin smears. The specificity of the detection of

Table 4. Semiquantitative polymerase chain reaction (PCR) and anti-phenolic glycolipid-1 (PGL-1) antibody titer in

leprosy patients

No. of cases evaluated by

Anti-PGL-1 antibody measured by

semi-quantitative PCR

M. leprae particle aggiutination Negative 1+ positive 2+ positive Total

Negative 10 11 8 29

Positive x32 3 17 2 22
x64 1 6 2 9
>x128 2 5 2 9
Total positive 6 28 6 40
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M. leprae DNA by the present PCR protocol was
100%, probably because the P2 primer is located
on a unique nucleotide sequence of M. leprae.'
Another advantage of these primers is that they
amplify a short product, which is more likely to result
in successful PCR amplification of damaged bacilli
that possibly have fragmented DNA.

We have attempted to explore the relationship
between semiquantitative PCR and Bl or Mi. As
expected, the positive levels of PCR showed a
direct correlation with Bl. This could be explained by
the fact that Bl represents the mycobacterial load in
the skin lesion, so that a higher Bl indicates more
M. leprae DNA to be extracted from the lesion,
which in turn produce a larger amount of PCR
products. On the contrary, there was no relationship
between PCR results and MI. This result might
reflect the notion that Ml represents mycobacterial
degradation (either naturally or due to MDT regimen)
that occurs in the bacterial cytoplasm, whereas
some of the nucleic acid fragments still remain
intact within the peptidoglycan layer.?® Our study did
not show a correlation between PCR and serological
analysis of anti-PGL-1 antibody using MLPA.
This might reflect the humoral immune status of
the patient.

There are two molecular methods that can be
used for monitoring patients following treatment:
reverse transcription (RT)-PCR and longitudinal
comparison of signals from DNA-PCR by dimen-
sional densitometry. it was shown in a previous
study that M. leprae DNA was detectable from
blood of patients who had completed MDT for many
years by the PCR method.?* Whether such DNA is
derived from circulating fragments of DNA or from
viable bacilli still remaining in circulation is not clear
at this point.

In summary, our results clearly demonstrate that
PCR is a sensitive and specific tool for the diagnosis
of leprosy. In BP cases, whose Bl is zero, the
sensitivity of 50% is one of the advantages of
PCR method. However, efforts should be made to
improve this sensitivity. On the contrary, the resuits
suggest that PCR should not be used for the pur-
pose of follow up during MDT treatment, because
M. leprae-derived DNA from severely degenerated
bacilli would also be detected by PCR, which does
not correlate with Ml.

© 2009 Japanese Dermatological Association
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Letter to the Editor

No involvement of non-synonymous TLR2 polymorphisms in
Japanese leprosy patients

Leprosy (Hansen's disease) is a chronic infectious disease
caused by Mycobacterium (M.) leprae, and primarily affects the skin
and the peripheral nerve. Although M. leprae are weak in its
infectious potency, leprosy has been feared because of the
accompanying visible disfigurement and functional defects. In
Japan, leprosy patients had been forcedly isolated in leprosaria for
100 years based on the Law for Prevention of Leprosy. Although the
Law has been repealed in 1996, most of the patients are already too
old to live apart from leprosaria. Nowadays, only few Japanese
patients newly occur, whereas 700,000 leprosy patients are still
added worldwide per year, mostly in the developing countries.

The clinical and histopathological manifestations of leprosy are
varied as a result of immunological responses of a host to M. leprae.
A number of bacilli are obvious in tissues of the lepromatous (L-
type) leprosy patients due to defective cellular immunity, whereas
excessive cellular immunity causes epithelioid cell granuloma
containing few bacilli in lesions of the tuberculoid (T-type) leprosy
patients. Between two poles of the LL- and the TT-types, sequential
borderline types (BL/BB/BT) are distinguished according to the
Ridley-Jopling classification. Since T helper (Th) 1-type cytokines
in the T-type lesions and those of Th2-type in the L-type are
dominant, leprosy has been investigated as a good human model of
Th1/Th2 diseases. Both genetic and environmental factors are
assumed to have roles at two steps of leprosy progression, disease
susceptibility and phenotypic difference.

Recently, toll-like receptors (TLRs) have been shown to play a
critical role in immunity. They recognize particular molecular
patterns of diverse microorganisms to induce strong innate
immune responses and provide a critical step for activation of
effective adaptive immunity. Among at least 12 TLRs identified in
the mammals, TLR2 mediates the immune responses against
mycobacteria [1]. Especially, in responses against M. leprae, the
TLR1/2 heterodimer has a major role [2].

Based on these backgrounds, contribution of the TLR2
variations to the susceptibility for leprosy has been investigated.
In 2001, association of a C-to-T transition at nucleotide position
2029 (2029C > T) of TLR2, causing a change of arginine at amino
acid position 677 to tryptophan (R677W), with the LL-type
leprosy was reported in the Korean population [3]. The authors
further reported that M. leprae-stimulated blood mononuclear
cells of the LL-type leprosy patients harboring this mutation
produced lower levels of IL-2, 1L-12, IFN-y and TNF-a and a higher
level of IL-10, compared with those of the patients without the
mutation [4]. Moreover, using the TLR2-transfected cultured cells,
impaired NF-kB activation induced by M. leprae through this
mutant TLR2 was reported by another group, indicating that this
mutation is actually functional [5]. Additionally, this TLR2
polymorphism is reportedly associated with susceptibility to
tuberculosis in the Tunisian population [6]. In contrast, an Indian
group showed that the primer pairs used in the first Korean report
amplified both of the TLR2 gene and a pseudogene located in its
upstream, and detected no such mutation in any Indian leprosy
patient using another primer specifically annealing to the TLR2
gene [7]. Although they suggested that the 2029C > T mutation is
not a true one, the possibility still remains that the different
results of these reports reflect the different genetic backgrounds
among races.

Therefore in this study, we have investigated the TLR2
2029C > T mutation in the Japanese leprosy patients, whose
genetic background is close to that of the Korean patients, using
both primer pairs used in the Korean report and the Indian one.

Furthermore, additional seven known non-synonymous single
nucleotide polymorphisms (SNPs) of TLR2 have been analyzed,
including 1232C>T (T4111), 1667T>C (I556T), 1736G>A
(R579H), 1892C>A (P631H), 2143T>A (Y715N), 2145T>G
(Y715stop), 2258G > A (R753Q). Notably, the last one is reportedly
associated with tuberculosis [8]. The study was performed
according to the declaration of Helsinki and approved by the local
ethical committee of each institution. Written informed consent
for the genetic analysis was obtained from 99 unrelated leprosy
patients in National Sanatoria Nagashima Aisei-en and Tama
Zensho-en. Except for the BB-type and those of the Korean origin,
samples of 60 L-type (46 men and 14 women, 76 as the mean years
of age) and 33 T-type patients (22 men and 11 women, 78 as the
mean years of age) were analyzed. Genomic DNA was extracted
from whole blood of the patients using Genomic DNA Purification
Kit (Promega, Madison, WI). The TLR2 fragments were amplified by
polymerase chain reaction (PCR) using Ex-Taq (TAKARA, Otsu,
Japan) and Applied Biosystems 2720 Thermal Cycler (Applied
Biosystems. Foster City, CA). The nucleotide sequence of amplified
DNA fragments was determined by direct sequencing using BigDye
Terminator v3.1 Cycle Sequencing Kit and ABI PRISM 310 Genetic
Analyzer (Applied Biosystems). Primers used for PCR and sequen-
cing are shown in Table 1.

As a result, the nucleotide position 2029 of all leprosy patients
showed C/T heterozygosity using the primer pairs used in the
Korean report, whereas the same position of all patients showed C
homozygosity using the primer pairs designed by the Indian group
(Fig. 1). None of other seven SNPs was identified in any leprosy
patient.

Our study clearly showed that the TLR2 2029C > T mutation was
undetectable in the Japanese leprosy patients similar to the case in
the Indian patients, indicating that the previous confusing reports
were not due to the ethnical difference. Moreover, none of other
non-synonymous TLR2 SNPs has been identified in our Japanese
leprosy patients. Considering the critical role of TLR2 against
M. leprae infection, those who harbor non-synonymous TLR2
mutations with functional defects might have been dismissed.
Rather, as shown in the recent reports, association of polymorph-
isms in the promoter and introns as well as synonymous SNPs might
be hidden [9,10]. Another possibility would be that polymorphisms

Table 1
Primer pairs used for PCR amplification and sequencing.

Nucleotide sequence Nucleotide position

Forward-1 5'-CTGGCCCTCTCTACAAACTT-3 - 1155-1174
Reverse -1 5-TGCACCACTCACTCTTCACA-3 2121-2140
Forward-2 5'-CCTCCCTCTTACCCATGTTACTA-3 1484-1506
Reverse-2 5'-CAAATGACGGTACATCCACG-3' 2448-2467
2029
Korean primers
( X

CATAAGCTGGGACTT

Indian primers

CATAAGC GGGACTT

Fig. 1. Sequence analysis of the nucleotide position 2029 of the TLR2 gene. Genomic
DNA of all leprosy patients showed C/T heterozygosity and C homozygosity at the
nucleotide position 2029 of the TLR2, when analyzed with the primer pairs used in
the Korean report (Korean primers) and those used in the Indian report (Indian
primers), respectively.
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of other class of pattern recognition receptors, such as NOD-LRR
proteins and C-type lectins, have stronger association.

In conclusion, no known non-synonymous SNP of TLR2 has been
identified in the Japanese leprosy patients. Further study is
necessary to clarify the role of genetic variations of pattern
recognition receptors in Japanese leprosy.
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Letter to the Editor

Altered expression of fatty acid desaturases in the skin of dogs
with atopic dermatitis

Canine atopic dermatitis (AD) is a chronic inflammatory (skin)
disease which shares several characteristics with its human
counterpart e.g. the genetic predisposition to develop the disease,
the early age of onset, the predilection sites of the affected skin and
similarities in immunopathogenic mechanisms [1]. Sinke et al. [1]

" reviewed the immune dysregulation of canine AD and stated that,
similar to human AD, it is probably the resultant of a systemic
component, the atopic constitution, and a tissue-specific compo-
nent, i.c. altered reactivity of the skin [2]. With respect to altered
skin reactivity both allergen-specific cellular mechanisms and an
impaired epidermal barrier in atopic subjects likely contribute to
the onset and perpetuation of AD in man [3]. In the beginning of the
last century it was proposed that AD is related to abnormal FA
metabolism since linoleic acid (LA) deficiency in human and
rodents leads to marked abnormalities of the skin of AD patients
[4]. More recent studies confirm changes in the lipid organization
of the stratum corneum of AD patients [5]. It has been well
established that in AD patients LA concentrations tend to be
elevated in blood and adipose tissue, however, several studies
reported that the levels of downstream metabolites of LA and also
of a-linolenic acid (ALA) were found to be reduced [6,7]. Both
delta-5-desaturase (FADS1) and delta-6-desaturase (FADS2) are

responsible for the synthesis of highly unsaturated n-3 and n-6 FA
from LA and ALA (Fig. 1.). Thus deficit amounts of LA and ALA
metabolites in AD have been attributed to reduced A-6- and A-5
desaturase activity [6]. Human, rat and guinea pig epidermis have
been shown to lack enzymatic activity of both desaturases which
implies that several important members of epidermal fatty acids,
e.g. arachidonic acid (AA), are derived from extra-epidermal sites
[8]. To date very few studies focused on the characteristics and
metabolism of skin lipids in dogs with respect to a possible
epidermal lipid barrier defect in canine AD. We hypothesize that an
abnormal lipid metabolism contributes to the pathogenesis of
canine AD, potentially as a result of a defect in the epidermal lipid
barrier. The aim of the present study was to find evidence for this
association in dogs by the analysis of the mRNA expression of these
enzymes and the PUFA composition in non-lesional skin (NLS) and
lesional skin (LS) of atopic dogs in comparison to healthy controls.
Gene expression levels of A-5 desaturase (FADS1) and A-6
desaturase (FADS2) were measured by quantitative PCR in biopsies
from non-lesional and lesional skin of canine AD patients (n = 28)
and from control skin of healthy dogs (n = 7). The mRNA expression
level of FADS1 was significantly lower in lesional skin compared to
healthy control skin {5.5-fold) and non-lesional atopic skin (4-fold)
(Fig. 2 (A)). With respect to FADS2 mRNA expression a significant
decrease (1.5-fold) was found in lesional AD skin when compared
to non-lesional AD skin (Fig. 2B). Both FADS1 and FADS2 show high
correlation in expression in non-lesional (n=0.57; p <0.01) as
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Letter to the Editor

No involvement of the NOD1 polymorphism Glu266Lys in
Japanese leprosy patients

Leprosy (Hansen's disease) is a chronic infectious disease
caused by Mycobacterium leprae (M. leprae) and primarily affects
the skin and the peripheral nervous system. In Japan, occurrence of
new patients is quite rare and most patients are already very old to
live in or close to the leprosaria, although more than 200,000
patients newly arise per year in the whole world [1]. Leprosy
shows apparent phenotypic heterogeneity depending on the host's
immunological response to the pathogen. One is the tuberculoid
(T-) type, characterized by formation of epithelioid cell granuloma
without apparent bacilli due to the host's strong cell-mediated
immunity, and the other is the lepromatous (L-) type, character-
ized by lipoid degeneration accompanied with multiple bacilli due
to the host's defective cell-mediated immunity.

As one cause of the host's response, genetic predisposition has
been considered at two stages of the disease progression, including
establishment of the disease and determination of the phenotype.
Several candidate genes have been investigated with the genome-
wide linkage analysis and the case-control study, and some of
them have actually been revealed to have an association with
leprosy at a distinct stage in a particular ethnic population,
including genes of pattern recognition receptors (PRRs), especially
toll-like receptors (TLRs) [2]. However, we could not discover any
known non-synonymous polymorphism of TLR2, the major cell
surface PRR for M. leprae, in Japanese leprosy patients [3].

On the other hand, sarcoidosis is defined as the systemic
granulomatosis with unknown etiology, despite the presence of
characteristic epithelioid cell granuloma quite similar to that
cbserved in the T-type leprosy. Mycobacterium and Propionibacter-
ium species were assumed to have arole in its pathogenesis [4,5] and
it has been reported recently, that a genetic polymorphism of NOD1,
one of the cytosolic receptors for bacterial components, correlated
with the incidence of sarcoidosis in the Japanese population [6].

Nod1 and Nod2 are cytoplasmic PRRs recognizing components
of cell wall peptidoglycan (PGN) and members of the emerging
Nod-like receptor (NLR) family. Nod2 recognizes muramyl
dipeptide (MDP) as the minimum component of Lys-type PGN,
which is commonly contained in both gram-negative and gram-
positive bacteria, and mutations of this gene are reportedly
associated with three different granulomatous diseases, Crohn’s
disease, Blau syndrome and early-onset sarcoidosis [7]. In contrast,
Nod1 had been considered to specifically recognize y-p-glutamyl-
meso-diaminopimelic acid (iE-DAP) as the minimum component of
DAP-type PGN exclusively contained in gram-negative bacteria.
However, smaller components, meso-DAP in mycobacteria and LL-
DAP in Propionibacterium acnes (P. acnes), have been shown to
activate Nod1 [8]. Furthermore, the Nod1 with a substitution of
glutamic acid at amino acid position 266 to lysine (E266K) caused
by the nucleotide change at position 796 from guanine into

adenine (796G>A), which is reportedly associated with sarcoidosis
in Japan, has been revealed to impair the NF-kB activation induced
by intracellular P. acnes [6].

Therefore, in this study, possible association of the NOD1
796G>A with leprosy in the Japanese population was investigated.
No other non-synonymous polymorphism of NOD1 than 796G>A
had been reported in the database of Japanese Singie Nucleotide
Polymorphisms. Genomic DNA extracted from whole blood of
unrelated leprosy patients in National Sanatoria Nagashimaaiseien
and Tamazenshoen and healthy volunteers of the Japanese origin
was analyzed after obtaining the agreement for the genetic
analyses. Informed consent was provided according to the
Declaration of Helsinki and the study was approved by the Ethics
Committees of Wakayama Medical University and Tamazenshoen.
60 L-type and 33 T-type patients and 50 controls were included in
the study, containing 46 men and 14 women (76 years as the mean
age) and 22 men and 11 women (78 years) and 27 men and 23
women (42 years), respectively. The NOD1 fragment containing
nucleotide position 796 was amplified and directly sequenced
using the following primers; 5'-TCAGGAATGCTGGCTCTGTG-3’ and
5'-AGCCCAGCTGCATGTCICTC-3' for polymerase chain reaction
and 5'-TGAGCAGGGTGAGACCATC-3' for sequencing.

The resulting genotype frequencies of the NOD1 nucleotide
position 796 polymorphism (GG/GA/AA) among patients of each
leprosy type and healthy control are summarized in Table 1. By the
chi-square test, no significant difference of the appearance of each
genotype was observed between the L-type and the T-type
(p = 0.996), as well as between all leprosy patients and the healthy
individuals (p = 0.4346) in the presence of considerable difference
between their mean ages. No significant difference was detected in
either of allele frequency or appearance of genotype in any
inheritance model (data not shown).

Thus, our study revealed no association of NOD1 796G>A
polymorphism with the Japanese leprosy patients. As this report is
the first that investigated the association of NOD1 796G>A with
leprosy and the number of our study subjects was only limited,
further study would be necessary to make a conclusion. However,
considering the same ethnic background of our study with the
previous study on sarcoidosis [6], role of Nod1 in leprosy seems
different from that in sarcoidosis in spite of the possible
pathophysiological similarities between these diseases. Since it
has not been determined whether Nod1 is actually involved in
recognition of M. leprae, it might be possible that Nod1 is involved
in intracellular recognition of P. acnes but not M. leprae.

More recently, NOD1 796G>A polymorphism has been reported
to be associated with the susceptibility to Crohn’s disease in the
Hungarian population [9]. Considering the possible role of
Mycobacterium species in Crohn’s disease [10], it is probable that
NOD1 polymorphism may have a role in leprosy in other ethnic
populations and/or may be involved in intracellular recognition of
some other mycobacteria.

0923-1811/$36.00 © 2009 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights reserved.
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Table 1
Genotype frequencies of NOD1 polymorphism in leprosy patients and healthy
control,

The number (%) of each genotype

Group " 1
GG GA AA
Leprosy patients
Ltype 60 16(27) 20(48)  15(25) _
Type 33 927 16(49)  8(24) ) p=099%0
All 93 25(27) 45(48)  23(25) _
Healthy control S0 9(18)  29(58)  12(24) J p=0.4346

L: lepromatous, T: tuberculoid.

In conclusion, no association of NOD1 Glu266Lys polymorph-
ism has been revealed with the Japanese leprosy patients.
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| (Global leprosy situation, beginning of 2008)
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PEERESREDSLC IR, NP URENY
EINTEBIEBWTLELLOERIO TS LPT
BAICIIT B,

AV % il

2008 EDOHEE. BRI BN UHRER
BEMIL 212,802 A, 2007 EDHFREB R
254,525 A CH -1 (Table 1), 2007 FEDOHRFIC
BT 3 ERBELIL 2006 FickR3 & 11,100 A
(4% DAL LI

Table 2 1 2001-2007 £ OMHIR T & O
HBEMERLTVS, HARICHD L, FHIFH
HEERIIRERD 2001 F£0 763,000 A 5
2007 4£D 254,525 AP LETTWS, F
BEROTF—R2EITVL LA YT REOR
TENSRELINERTHS GRIE 2007 EO¥H
REBIMNTZLEIOND), 2007 E£OEM

Rt B 2 HBEHERE. HNVEVERE
EHOHBESP AV ELEE XX h 6 O
EtdHolizi@mlTna,

2008 EJHHIC O dRFHME L EF E—
RN VRFIEEERER L (BREBEK
AAD 10000 AHfzb 1 ARBEEREIND ).
Table 3 (3 ACIAHY 100 A ALLELOEOH TR
HIFBEZZERLTVWEVIFYEON VRO
BRBLFRBEWERT (75PN, 23—,
Wy 1 &),

EbET, TNDD3 rEHid 2007 £DOHHRR
FBROK 17%, 7 LT 2008 EFHOERBER
D 23%% 5B, GO NGO (V3—h+F—) »5
OEBNPEFBBEOBHORRICE>T, Thbd
D3 5 EILEVCERICHEBREERT KA,

2007 2 BV T 1,000 AL EOFHEBEHD
WBEI 17 yBTH -7 (Table ), ThHDEAL
1% 2007 I BT ZHROBFHBERD 95% %

Table 1. Prevalence of leprosy and number of new cases detected, by WHO region, beginning of 2008

WHO region® Registered prevalence,” beginning 2008 New cases detected,® 2007
African 30 055 (0.47) 31037 (4.85)
Americas 49 388 (0.96) 41978 (8.15)
South-East Asia 120 967 (0.72) 171 552 (10.22)
Eastern Mediterranean 4240 (0.09) 4091 (0.85)
Western Pacific 8 152 (0.05) 5867 (0.34)
Total 212 802 254 525

* Population data from World population prospects: the 2004 revision, Vol. 1, Table A20. New York, United Nations Population

Division. Data from the European Region are not included.
® Values are number (rate/10 000 population).
¢ Values are number (rate/100 000 population).

Table 2. Trends in the detection of new cases of leprosy, by WHO region, 2001-2007 (excluding European Region)

WHO region No. of new cases detected
2001 2002 2003 2004 2005 2006 2007

African 39612 48 248 47 006 46918 45179 34 480 31037
Americas 42 830 39939 52435 52 662 41952 47612 41978
South-East Asia 668 658 520632 405 147 298 603 201 635 174 118 171 552
Eastern Mediterranean 4758 4 665 3940 3392 3133 3261 4091
Western Pacific 7404 7154 6190 6216 7137 6190 5 867
Total 763 262 620 638 514718 407 791 299 036 265 661 254 525
26
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&H B, 77U AT, MBEEORIEEIEDD

FHREEN 100 AL LOEENSE LTWHO  40.74%HSTFF 7D 92.93% £ TR, 7 A
Wi & DFIRBEOFEM & Table 5 ITRT, £ Y AHIB TR, COEBRT S VIVD 5353% D
TOHIBEOEZICBNT, FIRBEOHOLHRY BINT YT AD 78.66% IR Fe W7 Y7 Hiuls
N REES (multibacillary: MB), F4i, & T, NS5 21 4381% 056, AV KA
M, W2 MEEE (grade 2 disabilities:G2D) DF T D 79.6% Ic k&, HittdisTIE, VU
BRIBESDENKELFET 3. TD2T1%HEIY T D 88.73% ETRER.

Table 3. Prevalence of leprosy and number of new cases detected in countries with population >1 million that have
not yet eliminated the disease

Country Registered prevalence' No. of new cases detected”
Beginning Beginning Beginning
of 2006 of 2007 of 2008 2005 2006 2007
Brazil 27313(1.5) 60567(3.21) 45847(2.40) 38410(20.6) 44436 (23.53) 39 125(20.45)
Nepalc 4921 (1.8) 3951 (1.43) 3329(1.18)  6150(22.7) 4253 (15.37) 4436 (15.72)
Timor 289 (3.05) 222(2.2) 131 (1.23) 288 (30.41) 248 (24.63) 184 (17.23)

* Values are number (rate/10 000 population).
® Values are number (rate/100 000 population).
¢ Detection reported for mid-November 2006 to mid-November 2007.

Table 4. Detection of new cases of leprosy in 17 countries reporting =1 000 new cases during 2007 and the number
of new cases detected previously

Country No. of new cases detected
1993 2002 2003 2004 2005 2006 2007

Angola 339 4272 2933 2109 1877 1078 1269
Bangladesh 6943 9844 8712 8242 7882 6280 5357
Brazil 34235 38365 49 206 49 384 38410 44 436 39125
China 3755 I 646 1404 1499 1658 1 506 1526
Democratic Republic

of he Congo 3927 5037 7165 11781 10 369 8257 8820
Céte d’Ivoire 2 186 1358 1205 1066 NA 976 1204
India 456 000 473 658 367 143 260 063 169 709 139 252 137 685
Ethjopia 4090 4632 5193 4787 4 698 4092 4187
Indonesia 12 638 12377 14 641 16 549 19 695 17 682 17723
Madagascar 740 5482 5104 3710 2709 1536 1 644
Mozambique 1930 5830 5907 4266 5371 3637 2510
Myanmar 12018 7386 3808 3748 3571 3721 3637
Nepal 6152 13 830 8 046 6958 6 150 4235 4436
Nigeria 4381 5078 4799 5276 5024 3544 4 665
Philippines 3442 2479 2397 2254 3130 2517 2514
Sri Lanka 944 2214 1925 1995 1924 1993 2024
Sudan 1489 1361 906 722 720 884 1 706a
Total (%) 555 209 (94%) 594 849 (96%) 490 494 (95%) 384 409 (94%) 282 897 (95%) 245 626 (95%) 240 032 (94%)
Giobal total 580 933 620 638 514718 407 791 299 036 259017 254 525

NA, not available.
* Total for 2007 includes data from southern Sudan.
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77U AR OFRBEROREORIGI S
HZAIVD 2558% 5 a3 THHED 60.15% £
TR, TAUAWMBTIE, =77 KD 1869%
METSVND 44.84% ETh 5. METVTH
BT, 28— D 3068% N OHT 1 E—ILD
63.590% £ TR A&, Rt TRYIUTD
2874% B A— & D 46.25% & e &, BHAFE
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FHRBHEOFOFHROPELLVIELDEERR
B3, 77UAMB TR —dD289% 5T
00D 37.96% £ TRI, 7AUAHBETETNVE
VFD032% M5 FIZAHMED 14.02% %
TRE. ER7I7THE TR, X/3—)bD 3.34%
DPOET 4 E—VD 14.1% £ TRE, Eitirhiih
BTRA—Z D363 DAL AD 13.6% X
TR, EATEEME TR, RO 223% 53
Xy TEIRD 26.95% X TTH 5,

Fi-ARIc. HRBHEODTO G2D OIS LIEL
WEBDERRE R, 77U AMEB TR, H—F

D185% L TN ID2562%Ic kS TAY
A TR, Fa2—/3D328% 531 ETD
9.8% £ TIEN B, HET VTHIE TR/ IO
214% H 5 2+ I —0D 132% IR X, Rt
TR YU TO58% nEIFAX D 19.4%
KRE. BAEAMIE TR I 7052 7EHD 0%
MEHED 22.7% K R &

Table 6 (&, 2008 FHTHOHFEEL. 2007
FERERINHHABER HHAMBEER &
REBZOLZMED/NREE O, FEBED G2D &
B, BRBFOHBNE, T LUTHEE (PB) &
MB DB £ IC DV T 118 DEDHIEN 5 D F—
RERT . WERT 7V AMED 32 OEPH
Mo, TAYARE T 30, BMERT VT HIETI
8. HtrdEHg TId 19, F U THEATEMET
29 T LD LN, HlEE A2 ADGEEA
AEBF9 0 2006 EAOF—RICEITOTEBD, %
NoEAVTHRIIFEIN .

2007 FEiCHRE Lz 118 DEPHIBO S B, 65
AEIZEMOADDS 100 ARBOFRBERT
Hol,

Table 5. Profile of newly detected cases of leprosy reported by countries with =100 new cases, by WHO region, 2007

WHO region

% multibacillary among
new leprosy cases by
countries with highest
and lowest proportions

% of females among new
leprosy cases by coun-
tries with highest and
lowest proportions

% of children among
new leprosy cases by
countries with highest
and lowest proportions

% of new leprosy cases
with grade 2 disabilities
by countries with highest
and lowest proportions

African

Americas

South-East Asia

Eastern Mediterranean

Comoros, 40.74%
Ethiopia, 92.93%

Brazil, 53.53%
Paraguay, 78.66%
Bangladesh, 43.81%

Indonesia, 79.60%

Somalia, 29.71%
Egypt, 88.73%

Madagascar, 25.58%
Congo, 60.15%

Ecuador, 18.65%
Brazil, 44.84%
Nepal, 30.68%

Timor-Leste, 63.59%

Somalia, 28.74%
Sudan, 46.25%

Togo, 2.89%
Comoros, 37.96

Argentina, 0.32%
Dominican Republic,
14.02% ~

Nepal, 3.34%
Timor-Leste, 14.1%

Sudan, 3.63%
Yemen, 13.6%

Ghana, 1.85%
Burundi, 25.52%

Cuba, 3.28%
Colombia, 9.8%
Nepal, 2.14%

Myanmar, 13.2%

Somalia, 5.8%
Pakistan, 19.4%

Western Pacific Micronesia Philippines, 20.01% China, 2.23% Micronesia
(Federated States of), Lao People's Micronesia (Federated States of), 0%
46.1% Democratic Republic, (Federated States of), China, 22.7%
China, 84.93% 71.6% 26.95%

28

—141—



JpnJ.Leprosy 78, 25-34(2009)

Table 6. Global leprosy situation by WHO region (excluding the European Region) and country or territory, beginning
2008. (Blank celis indicate that no data were available.)

Region and country Registered No. of No. of No. of No. of No. of No. of Cure rate (%)
or territory prevalence® newcases new casesof new female newcases  new cases relapses pB* MB*
detected, multibacillary  cases among  with grade 2 2007
2007 leprosy children disabilities
African
Algeria 0 0 0 0 0 0 0
Angola 1218 1269 959 663 130 135 0
Benin 284 345 212 168 41 80
Botswana 0 0 0 0 0 0 0
Burkina Faso 578 588 432 30 71
Burundi 404 239 217 97 11 61 19
Cameroon 520 549 383 241 18 32 0
Cape Verde 12 8 7 3 0 1 0
Central African Republic 366 345 218 163 52 47 4
Chad 976 631 489 183 26 101 0
Comoros 70 108 44 48 41 8 4
Congo 246 261 191 157 30 21
Cote d’Ivoire 1165 1204 817 407 121 152 0
Democratic Republic of the Congo 6 502 8 820 4770 1107 743 92.3 84.85
Ethiopia 4611 4187 3 891 1343 312 411 227
Gabon 33 27 26 0 0 4 0
Ghana 621 594 500 269 4] 11 0
Guinea 684 803 551 79 88
Guinea-Bissau 69 58 40 24 3 10 0
Lesotho 4 4 4 1 0 0 0
Liberia 667 319 215 147 44 15 0
Madagascar 1591 1521 1137 389 212 187
Mali 439 455 331 0
Mozambique 1 830 2510 1723 221 263 18
Niger 539 610 443 291 19 72 0
Nigeria 5381 4 665 4188 2002 417 540 36
Senegal 433 282 219 17 37 32 17
Seychelles 0 1 I 1 1 0 0
South Africa 171 66 63 36 9 18 3
Togo 158 173 131 80 5 25
Uganda 472 389 311 189 29 68 8 90.00 80.2
Zimbabwe 1l 6 5 2 0 4 0
Total 30055 31037 22518 7 021 3036 3 200 336
Americas
Anguilla 0 0 0 0 0 0 0
Antigua and Barbuda 0 0 0 0 0 0 0
Argentina 312 234 130 i 24 11
Brazil 45 847 39125 20945 17 545 2966 3239 1534
Bahamas 0 0 0 0 0 0 0
Barbados 0 0 0 0 0 0 0
Belize 0 0 0 0 0 0 0
Bermuda 0 0 0 0 0 0 0
Cayman Islands 0 0 0 0 0 0 0
Colombia 510 356 9 50 17
Costa Rica 45 1 11 6 0 0 23
Cuba 244 176 109 2 8 6
29
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Dominica 0 0 0 0 0 0 0

Dominican Republic 327 164 105 73 23 10 4

Ecuador 195 107 75 20 1 7 6

El Salvador 10 8 8 2 0 2 0

Guyana 56 26 19 7 1 100 100
Haiti 29 16 13 9 0 0

Jamaica 18 6 2 1 3 0 0

Mexico 702 243 179 90 2 14 11

Montserrat 0 0 0 0 0 0 0

Paraguay 414 403 317 155 17 34 10

Peru 19 16 1 6

Saint Lucia 12 12 7 7 0 0 0 100 100
Saint Vincent and the Grenadines 0 0 0 0 0 0 0

Suriname 36 42 31 21 6 3 0

Trinidad and Tobago 45 30 16 14 2 1

Turks and Caicos Islands 0 0 0 0 0 0 0

Uruguay 4 4 1 0 ! 3

Venezuela (Bolivarian Republic of) 1 681 683 440 236 40 31 23

Total 49388 41978 22957 18423 3089 3431 1648

South-East Asia

Bangladesh 4 463 5357 2347 2077 365 556

India 87228 137685 64980 47537 12 976 3477

Indonesia 21 430 17 723 14 107 1824 1527 91 83.0 84.0
Myanmar 2892 3637 2 441 1256 211 481 4 971.77 95.47
Nepal 3329 4436 2300 1361 148 95

Sri Lanka 1 494 2024 916 907 196 118 8
Thailand 506 322 200 17 58 6 85.44 80.69°
Timor-Leste 131 184 119 117 26 20 10

Total 120967 171552 87532 53455 15763 6 332 119

Eastern Mediterranean

Afghanistan 32 26 22 5 3 4 0

Bahrain 2 1 0 0 0

Egypt 1592 887 787 347 53 56 3

Iran (Islamic Republic of) 182 25 25 13 0 7 12 88.00 89.00
Iraq 0 0 0 0 0 0 0

Jordan 0 0 0 0 0 0 0

Kuwait 20 20 14 3

Libyan Arab Jamahiriya 8 6 2 0 0 0 100.00 100.00
Morocco 38 25 15 2 6 0

Oman I 2 0 1 0 1 0

Pakistan 856 496 377 211 38 96 22

Saudi Arabia 14 20 13 5 0 1 0

Somalia 114 414 123 119 17 24 3

Sudan 940 1 706 1459 789 62 211 17

Syria 2 2 2 1 0 0 0

Tunisia | 0 0 0 0 0 0

United Arab Emirates | 0 0 0

West Bank and Gaza Strip 0 0 0 0 0 0 0

Yemen 486 434 262 149 59 60 3 96.12 90.47

Total 4 240 4 091 3116 1660 234 466 60

Western Pacific

American Samoa 5 0 0 0 0 0 i

30

—143—



Jpn.J.Leprosy 78, 25-34(2009)

Brunei ) 0 0 0 0 0 0
Cambodia 257 315 212 89 25 36 0 80 89.6
China 3196 1526 1296 492 34 347 161
China, Hong Kong

Special Administrative Region 28 2 0 i 0 0 1 100 100
China, Macao Special

Administrative Region 0 0 0 0 0 0 0
Commonwealth of the Northern
Mariana Islands 3 0 0 0 0 0 0
Cook Islands 0 0 0 0 0 0 0
Fiji 9 6 6 0 0 2 3
Japan 10 i1 9 1 0 0 0
Kiribati 27 63 3] 22 24 0 0
Republic of Korea 363 12 10 5 0 6 3 100 100
Lao People’s Democratic Republic 112 125 105 97 5 19 0
Malaysia 681 190 134 59 10 2 0
Marshall Islands 62 64 37 3 13 0 0
Mongolia 0 0 0 0 0 0
Micronesia (Federated States of) 87 141 65 29 38 0 0
Nauru 3 3 3 0 i 0 1
New Caledonia 4 2 2 1 0 0
Palau 7 4 4 1 0 1 0
Papua New Guinea 452 270 167 102 54 20 0
Philippines 2279 2514 1 541 503 96 69 14 90 88
Singapore 29 12 5 0 0 0 0 100 100
Solomon Islands 12 1S 12 10 3 0 0
Tonga 0 0 0 0 0 0 0
Tuvalu 1 i f 1 0 0 0
Vanuatu 4 3 2 I 0 0 0
Viet Nam 521 588 409 178 25 102 8 100 100
Wallis and Futuna 0 0 0 0 0 0 0
Total 8152 5 867 4 051 1595 328 604 192
* Prevalence per 10000 population, beginning of 2008.
® Cure rate among 2006 cohort.
¢ Cure rate among 2005 cohort.
4 Cure rate among 2004 cohort.
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LTRTONE VFEFREENEDICEH <N
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HOFEIEIAHIFT 5 D OB RG]
LT 5, S OBLARIGHERD L OHRNK
BRIC LD, N VBEREFHIATVEERE
HBNERPe, 2L OB BT B ORKICHE
HT2EENERREN X RD T EAHFINT
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L. TR 20 FEERESRIMARLR
TR LR TEN RN L ROBE. hE &
EFEHICHET MR OB NG EEII
BUYARER - ERlOMEIcmTHR] O
w2,

fn

AfEoiEsEtic, EMEA2EE (WER No. 50, 2008, 83, 449-460) HHTEh, HlckTF—an 2250
L LTERENIOT, TableS1, Table $2 & LTZ ZIZEMT 5o

chick b, 2007 OFRBERB LU, 2008 FOEHDHOEREEHDEMLT, £/, Table 2T
BHEOFHBEBMNTEINTVEA, SEEEAAREOLZHELTH L, EANEABEZR

LiclzhTH %,

Table S1 Leprosy situation by WHO region (excluding European Region), beginning of 2008

WHO region® Registered prevalence,” beginning 2008 New cases detected,” 2007
Afican 35598 (0.51) 34 468 (4.95)
Americas 49 643 (0.61) 42 135(5.15)
South-East Asia 120973 (0.71) 171 576 (10.07)
Eastern Mediterranean 4240 (0.09) 4091 (0.85)
Western Pacific 8 151(0.05) 5863 (0.33)
Total 218 605 258 133

* Population data from World population prospects: the 2004 revision, Vol. 1, Table A20. New York, United Nations Population

Division.

® Figures in parentheses are prevalence rates: number of cases per 10 000 population,

© Figures in parentheses are case-detection rates: number of cases per 100 000 population.
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Table S2 Global ieprosy situation by WHO region, country or territory, beginning of 2008 (additional information)

Region and country Registered No. of No. of No. of No. of No. of No. of Cure rate {%)
or territory prevalence®  newcases  new cases of new female  newcases  new cases relapses PB MB
detected MB cases among  with grade 2 2007

children disabilities

African

Eritrea 142 10 6 2 0 1 6 - -
United Republic of Tanzania 3042 3105 2313 1272 224 343 53 - -
Zambia 2359 316 237 141 28 26 52 - -
Total 5543 3431 2 556 1413 258 369 111 - -
Americas

Cuba* 255 244 176 109 2 8 6 - -
United States of America 157 99 44 2 = - - -
Total 255 401 275 1563 4 8 6 - -
South-East Asia

Bangladesh* 4463 5357 2347 2077 365 556 - - -
Bhutan 16

Democratic People's Republic of Korea 0 0 0 0 0 0 - - -
Maldives 6 8 2 5 0 0 - - -
Sri Lanka* 1494 2024 916 907 196 118 8 - -
Total 5 963 7 405 3 265 2 989 561 674 8 - -
Western Pacific

Guam 8 6 4 2 2 0 0 - -
Japan* 1 1 1 0 0 0 - -
Total 9 7 5 2 2 0 0 - -

* Prevalence per 10 000 population, beginning of 2008.
MB = multibacillary leprosy.

PB = paucibacillary leprosy.

* Revised data.
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The epidemiological situation of leprosy is reported by the health division of each country to WHO. The
reported data is collected by WHO and is immediately run on the Weekly Epidemiological Record. On this
latest edition, data from the beginning of 2008 was reported. In almost all of the highly endemic countries,
control activities have been integrated within the general healthcare system. However, maintaining political
interest and mobilizing the necessary funds to implement activities in the field are challenges for many

national programmes as the burden of disease declines further.
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FLIEBRBUIRE RS, BRE2ZTEV Yy Y/ BEBEEIONTERD, ChooRENMSEEIN
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2001 FEiL HVHEORS / LESINFFRE N, 5
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B E N ¥/ Lo mRNA B E
ENF NI BICEERE L3 open reading frame
(ORF) #2895 BETFHEK, TREGRFTH-
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Table 1
Feature M. leprae M. tuberculosis
Genome size (bp) 3,268,203 4,411,532
G+C (%) 57.79 65.61
Protein coding genes (no.) 1,604 3,959
Pseudogenes (no.) 1,116 6

o
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Fig. 1
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