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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.

Active Surveillance of Leprosy Contacts in Country
with Low Prevalence Rate?

ABSTRACT

For advanced control of leprosy in Pakistan where the World Health Organization leprosy
elimination goal was achieved in 1996, we conducted surveillance of Mycobacterium
leprae-seropositive patients and their contacts and drug resistant strains of M. leprae.

We measured anti-PGL-I antibody level in sera from leprosy patients and their contacts
for early detection of M. leprae infection. Out of 34 leprosy patients undergoing treatment,
4 lepromatous leprosy patients were antibody positive, and 6.8 to 23.7 percent of occupa-
tional or household contacts were seropositive. Furthermore, three cases (1.2%) had a high
antibody titer. For surveillance of drug resistant strains of M. leprae, dapsone and rifampin
were targeted. Four out of 18 polymerase chain reaction (PCR) positive samples had muta-
tion in foIP gene, and among 10 PCR positive samples, one had a mutation in the rpoB gene.

These results indicate that serological analysis of patient contacts might be useful to find
out high risk individuals, and there are M. leprae strains resistant to chemotherapeutic agents
in Pakistan.

RESUME

Dans le cadre du contrdle avancé de la 1&pre au Pakistan ob le programme de 1'Organisa-
tion Mondiale de la Santé a atteint son but d’élimination en 1996, nous avons mené une ‘
étude d’épidémio-surveillance des patients séropositifs contre Mycobactérium leprae, de
leurs contacts et des souches résistantes de M. leprae aux médicaments.

Nous avons mesuré les niveaux d’anticorps anti-PGL-I dans le sérum de patients lépreux
et des personnes en contact avec ces derniers afin d’effectuer une détection précoce de 1’in-
fection par M. leprae. Parmi 34 patients actuellement sous traitement, 4 patients léproma-
teux étaient positifs 4 1'examen sérologique, et 6,8 a 23,7 pour cent des personnes en con-
tact, soit professionnel, soit domestiques, furent séropositifs. De plus, 3 cas (1,2%) présen-
taient un titre €levé. La résistance 2 la dapsone et la rifampicine furent évaluées pour la
surveillance des souches résistantes de M. leprae. Quatre des 18 échantillons positifs par
PCR présentaient des mutations du géne folP et, parmi 10 échantillons positifs par PCR, une
avait une mutation du géne rpoB.

Ces résultats indiquent que 1’analyse sérologique des contacts proches de patients han-
séniens pourrait bien &tre utile pour découvrir les individus  haut risque et qu’il existe des
souches de M. leprae résistantes aux médicaments chimiothérapeutiques au Pakistan.

RESUMEN

Se hizo un estudio en Pakistin, donde la meta de 1a OMS de eliminacién de la lepra se lo-
gré en 1996, para evaluar la evolucién de los pacientes séro-positivos a Mycobacterium lep-
rae’y sus contactos, y para detectar cepas de M. leprae resistentes a las drogas antileprosas.

' Received for publication 27 May 2003. Accepted for publication 11 October 2003.

*Reprint requests to Dr. Masanori Kai, Dept. of Microbiology, Leprosy Research Center, National Institute of

Infectious Diseases, 4-2-1 Aoba-cho, Higashimurayama, Tokyo, 189-0002, Japan. E-mail: mkai@nih.go.jp
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Se midi6 la presencia de anticuerpos anti-PGL-I en los sueros de los pacientes y sus con-
tactos para detectdr la infeccion temprana por M. leprae. De los 34 pacientes en tratamiento,
4 pacientes con lepra lepromatosa (11.7%) tuvieron anticuerpos anti-PGL-I, ademés de que
6.8% de los contactos ocupacionales y 23.7 % de los contactos convivientes también fueron
sero-positivos. Tres casos (1.2%) tuvieron anticuerpos anti-PGL-I a titulos elevados. Tam-
bién se estudié la resistencia de las cepas a dapsona y rifampina. Cuatro-de 18 muestras pos-
itivas por la reaccién en cadena de la DNA polimerasa (PCR) tuvieron una mutacién en el
gene folP, y una de 10 muestras positivas por PCR tuvo una mutacién en el gene rpoB.

Estos resultados indican que el andlisis serolégico de los pacientes puede ser iitil para detec-
tar a los individuos de alto riesgo, y que en Pakistdn hay cepas resistentes a la quimioterapia.

To THE EDITOR:

In Pakistan, the multi-drug therapy (MDT)
program against leprosy conducted by the
World Health Organization (WHO) to elimi-
nate the disecase was quite successful, and
the present prevalence rate is 0.1 per 10,000
inhabitants. However, there are “hot spot
areas” where the prevalence rates are still as
high as 3.4 per 10,000. Although a significant
reduction of the total number of cases regis-
tered was observed, no apparent reduction of
new cases was achieved (®), and the WHO
has now recognized a necessity of a serious
concern for leprosy control. One of the ways
to achieve disease elimination is an active
epidemiological surveillance of patient con-
tacts in highly endemic “hot spot areas,”
which will be directly associated with de-
tection of leprosy patients at an early stage.

On the other hand, although MDT was
designed to prevent the emergence and
spread of drug resistant strains, resistant
Mycobacterium leprae strain have emerged.
A strain showing resistance to both dapsone
and rifampin was reported in 1993 (®) and,
at present, there are even reports indicating
the emergence of a strain resistant to multi-

ple drugs (5). These drug resistant strains
provide another serious problem and should
not be ignored, especially in countries
where the leprosy elimination goal has been
achieved. Therefore, the development of a
useful tool for early detection of leprosy
and drug resistant strains is necessary for
the prompt initiation of better medication.

In this study, we conducted serological
surveillance of household and occupational
contacts, and detected drug resistant strains
in Karachi, a representative endemic area in
Pakistan,

Serological test for leprosy. A total of
300 sera from various individuals, including
in-and-out patient of CDGK Leprosy hospi-
tal, were obtained with informed consent.
These sera were donated by 34 leprosy pa-
tients under treatment, 193 household con-
tacts, 59 occupational contacts, and 14 non-
contact healthy individuals living in Karachi
(Table 1). Infection with M. leprae was as-
sessed by using SERODIA®-leprae kit (Fuji
Rebio Inc., Tokyo, Japan), which detects
antibody against phenolic glycolipid-I
(PGL-I) (). Four leprosy patients under
treatment were still found to be anti-PGL-I
antibody positive (Table 1), and they were

TABLE 1.  Detection of anti-PGL-I antibody in sera from leprosy patients and their contacts.?

No.of

No.of

No. of positive sera at each serum dilution

Group sera  positive Percent
_ examined . sera positivity 1:32 1:64 1:128 1:256 1:>512

Lepromatous leprosy patients 20 4 20 - 0 2 0 0 2
Borderline leprosy patients 8 0 0 0 0 0 0 0
Tubercuioid leprosy patients 6 0 0 0 0 0 0 0
Household contacts (children) 61 7 11.5 0 3 0 3 1
Household contacts (adulis) 132 9 6.8 4 2 I 2 0
Occupational contacts 59 14 237 2 5 3 2 2
Non contacts : 14 3 21.4 0 1 1 1 0
Total 360 37 123 6 13 5 '8 5

*Detection of anti-PGL-I antibodies in serially diluted sera by ELISA using NT-P-BSA antigen coated gelatin

particles.

Serum dilution of more than 1:32 showing agglutination was taken as positive.
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TABLE 2. . Detection of drug resistant associated gene mutations of clinical isolates of

M. leprae.*
JoIP gene rpoB gene
Place No. of : : ; p
samples No. amplified Mutation No. amplified Mutation

Karachi 24 8 1 5 1
Peshawar 5 5 1 5 0
Balakot 10 5 2 0 0
Total 39 18 4 10 1

* Drug resistance related-genes, folP and rpoB were amplified by PCR, sequenced, and compared with control

M. leprae strain, Thai 53.

TNumber of samples successfuily amplified by PCR.

all lepromatous leprosy patients. However,
borderline or tuberculoid leprosy patients
had no antibodies against PGL-I. We then
examined 193 household and 59 occupa-
tional contacts. Among household contacts,
11.5% of children had the antibody as did

6.8% of adult contacts (Table 1). Further-

more, 23.7% of occupational contacts had
the antibody. Three out of 14 non-contacts
- were antibody positive. Further studies
should be conducted with a larger number of
non-contacts, but presently, we could not ob-
tain informed consent from them. The titers
among child contacts and occupational con-
tacts are surprisingly high, which may indi-
cate that some individuals were exposed to
M. leprae. This is in accordance with a re-
. port that the seroprevalence rate was 26 to
28% in the high endemic area, and 7% in
the low endemic area in Sulawesi, Indone-
sia (7). When we measured the antibody in a
semi-quantitative fashion, individuals hav-
ing high antibody titer were found in house-
hold and occupational contacts. The titers
of antibody varied from low (1:32) to high
(1:>512) values. Three cases out of 252
~ (1.2%) samples showed quite high (1:>512)
antibody titer. These individuals should
have a clinical examination to monitor the
leprosy manifestation. It has been reported
that anti-PGL-I antibody level can reflect
the disease activity (%). Therefore, it might
be reasonable to speculate that the antibody
production was suppressed by successful
MDT treatment.

Detection of drug resistant Mycobacte-
rium leprae. Multi-bacillary (MB) type lep-
rosy patients, either under or after MDT
treatment, were targeted to obtain bacilli in
the biopsy specimen. M. leprae genomic
DNA was extracted from the specimens as
described previously (%).

To detect drug resistant M. leprae, based
on the previous studies (*%8), we targeted
mutations of the folP gene encoding dihy-
dropteroate synthase (DHPS) for dapsone
(®), and the rpoB gene for rifampin resis-
tance (*#). The polymerase chain reaction
(PCR) conditions and primers for folP and
rpoB are as described previously (*9). The
amplified products from each primer pair
were sequenced by using the ABI Prism
310 Genetic Analyzer (Perkin-Elmer Ap-
plied Biosystems, Norwalk, CT, U.S.A.). -

Thirty-nine skin samples were taken
from leprosy patients in endemic areas of
Pakistan such as Karachi, Peshawar, and
Balakot, to detect gene mutations relating
to drug resistance {Table 2). The number of
samples successfully amplified using
primers for folP gene from 39 biopsy speci-
mens was 18. Among amplified samples,
four samples showed fo/P mutations
(22.2%). The folP gene mutations were
found at position 158th (the numbering sys-
tem following that of reference 5) in three
samples, and position 164th in one sample.
These mutations induce amino acid changes
from threonine to isoleucine at Pposition
53rd of DHPS and from proline to arginine
at 55th, respectively (not shown). These
mutations have most commonly been ob-
served in dapsone resistant strains (°). Al-
though a larger number of samples should
be analyzed, these observations may indi-
cate that there are dapsone-resistant M. lep-
rae mm Pakistan. In contrast to folP gene,
‘primer pair for rpoB less frequently ampli-
fied the DNA. The possible reason for the
failure might be the presence of less than
detectable level of M. leprae bacilli. In our
hands, the detection limit is approximately
ten bacilli per biopsy sample. Also the dif-
ferent amplification efficiency between folP
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and rpoB might depend on a difference of
the specificity of primers for each gene.

Among ten rpoB gene samples amplified

from the 39 biopsies, one sample showed
the gene mutation at position 550th of the
M. leprae B subunit gene of RNA poly-
merase. This position was not a so-called
“hot spot” of rpoB-associated resistant mu-
tations (%); however, it induced a change of
amino acid residue from aspartic acid to
glycine (not shown). There was no relation-
ship among the resistant samples, and no

double mutation encoding both folP and -

rpoB genes was observed.

It is not easy to determine whether the
resistant strain developed before or after
- introduction of MDT. However, there
might be some patients who are inade-
quately treated with MDT due to economical
or other social reasons. These patients have a
higher risk to produce mutidrug-resistant
strain than patients adequately treated. Ac-
tive surveillance is required for control of the
spread of drug resistant M. leprae.

Taken together, we showed that some
leprosy patient contacts have been infected
with M. leprae. Also, dapsone resistance
has been detected in Pakistan.
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The relation between diaminodiphenylsulfone (called dapsone)-resistance and point mutations of the
dihydropteroate synthase (DHPS) gene was analyzed using dapsone resistant Mycobacterium leprae isolates de-.
rived from Japanese leprosy patieﬂts. The mutation was found at amino acid residues 53 or 55 of the DHPS. This
finding suggests that two specific mutations in the DHPS gene involved in dapsone resistance of M. leprae.
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Abstract

The fibronectin-attachment protein (FAP) is conserved among several species of mycobacteria. Although this protein is asso-
ciated with attachment and internalization of bacteria to host cells via fibronectin, the physiological role of the protein still remains
unclear. To investigate this point, we generated FAP gene disruptant in Mycobacterium smegmatis. The gene disruption, verified by
Southern blot and PCR analysis, induced changes on the bacteria, which are associated with strong aggregation and alteration of
cell surface properties. Increased hydrophobicity and Congo red accumulation was observed in the FAP gene disruptant. In ad-
dition, the complementation experiment demonstrated that the corresponding gene restored wild type morphology in the disruptant,
These results indicate that the FAP affects the cell surface properties, and its deletion lead to enhanced aggregatlon of the

M. smegmatis.

© 2004 Federation of European Microbiological Societies. Pubhshcd by Elsevier B.V. All rights reserved.

Keywords: Fibronectin-attachment protein; Gene disruption; Mycobacterium smegmatis

1. Introduction

Mycobacteria, such as Mycobacterium tuberculosis
and Mycobacterium leprae, are the causative agents of
human disease. Bacterial attachment to host cells is
important in the process of infection, and fibronectin-
attachment protein (FAP), a family of fibronectin-
binding [1-6], is one of the representative bacterial

components involved in the attachment, FAP was ini- .

tially isolated from Mycobacterium vaccae culture and
was subsequently shown to have the ability io bind to
fibronectin [2]. The binding of FAP to fibronectin en-
hanced the bacterial binding affinity and subsequent
internalization of mycobacteria to host cells. In fact, the
treatment of M. leprac with anti-FAP antibody inkibited

* Corresponding author. Tel: +81-42-391-8211; fax: +81-42-394-
9092,
E-mail address: tmukai@nih.go.jp (T. Mukai).

its binding to peripheral nerve Schwann cells [3]. On the
other hand, the FAP of Mycobacterium bovis BCG is
thought to be capable of inducing cellular immunity,
and the FAP of Mycobacterium avium induced strong T-
cell -response in mice [7,8]. Therefore, the fibronectin-
binding activity of FAP is one of factors determining the
mycobacterial virulence.

The mycobacterial cell wall is reported to possess the
activities to protect mycobacteria from various bacteri-
ocidal actions, including host immune system and anti-
mycobacterial chemotherapeutic agents [9], The deletion
of the polyacylirehalose and glycopeptidolipids (GPLs)
induced the morphological changes that may be
involved in the induction of alternative host immune
responses against bacteria [10,11]. In other cases, the
morphological changes such as bacterial aggregation
consequently triggered the biogenesis of phagolysozome
in human neutrophils, while the declumped single cells
possessed no ability to trigger it [12]. However, in spite

0378-1097/$22.00 © 2004 Federation of European Microbiological Societies. Published by Elsevier B.V. All rights reserved.
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. of the fact that FAP is a cell wall component of myco-
bacteria, it has not been clarified yet whether gene dis-
ruption of FAP induce the morphological or functional
changes as lipid component do. A gene disruption is a
weil-established method to elucidate the direct role of
each gene. Therefore, in this study, we generated FAP-
deficient mutant of mycobacteria using M. smegmatis as
a model bacteria and characterized the properties of the
mutant to reveal physiological role of the FAP.

2. Materials and methods
2.1. Bacterial strains and culture conditions

Bacterial strains used in this study are listed in Table
1. Escherichia coli DH5x was used as host strains for

cloning experiments. Mycobacterial strains were grown
in Middlebrook 7H9 broth (Difco laboratories) with
0.05% Tween 80 or Middlebrook 7H10 agar with 0.5%
glycerol, both supplemented with 10% ADC enrichment
(Difco laboratories) and kanamycin (25 pg/mi)..

2.2. DNA techniques

Plasmids used and constructed in this study are listed
in Table 1. Genomic DNA for polymerase chain reac-
tion (PCR) and Southern blot analysis was isolated from
mycobacterial strains as previously described [16].
Transformations of M. smegmatis strains were carried
out by electroporation with a Bio-Rad Gene Pulsar
(Bio-Rad}) set at 1.3 'V, 25 puF, and 200 Q as described by
Parish and Stoker [17]. Sequences of the oligonucleotide
primers used for PCR are shown in Table 2. Probes for

Table 1
Bacterial strains and plasmids used in this study
Characteristics Source/reference
Bacteria
E. ecoli DH5ax; cloning host
M. smegmatis mc* 155; wild type 13
MFE96; fapS-disruptant This study
M. leprac Thai-53
M. bovis BCG Pasteur (ATCC35734)
M. avium JATAS51-01 (ATCC25291)
Plasmid
pUC19 . E. coli cloning vector
pBluescript I SK (+) E. coli cloning vector
pMV261 . E. coli Mycobacterium shuttle vector carrying hsp60 promoter cassette 14
pMV306kan A site-specific integrating mycobacterial vector [15) )
pUDFAP pUCI? with a 3.0 kb Hind T11-Xba | fragment (upstream) and a 3.0 kb Xba I-Kpn 1 This study
fragment (downstream) :
pUDFAPKm pUDFAP with a 1.1 kb Hind III fragment (kanamycin resistant cassette) This study
pFAPS pMV306kan with a 1.5 kb Xba I-Nhe | fragment (FAP-S-expression cassette) - This study
pFAPL pMV306kan with a 1.5 kb Xba I-Nhe I fragment (FAP-L-expression cassette) This study
pFAFPB pMV306kan with a 1.5 kb Xba I-Nke I fragment (FAP-B-expression cassette) This study
pFAPA pMV306kan with & 1.5 kb Xba I-Nke | fragment (FAP-A-expression cassette) This study
Table 2

Oligonucleotide primers used in this study

Primer Sequences® Restriction site
Us1 §-CCC AAG CTTTAC CTT GAC CCG GCC CGC GC-¥ Hind I
UALl 5-GCICT AGA CGG TCA CCG CAG CCA GCG TC-¥ Xbal
DS1 §-GCICT AGA CCG ATG CGC CGC CGG AGA TGA-¥ Xba 1
DAl 5-GGGGT ACC GCA GGT CCA TCT CGT CGC GC-3' ‘ Kpn 1
Ul $.CGTGG CGG TCC GGG CCT CGT CG-¥

D1 5-CGGGC GCT CTC GGC TTC GGC GG-%

sl ¥-CCCAAG CTIT ATA TGT ACG AGT CGG AC TCG ATG-¥ " Hind 111
s2 §-CCATC GAT ATC AGG CCG GAG GCA TCA TCT CC-3' Cla 1

Bl ¥-CGGGA TCC CAT GCA TCA GGT GGA CCC CAA C-¥ : BamH 1
B2 5-GGAA TTC TCA GGC CGG TAA GGT CCG CTG-3 EcoR 1
L1 ¥-CGGGA TCC CAT GAA TCA GGT TGA CCT GGA C-3 BamH |
L2 ¥-AACTG CAG CTA TCC AAC AGG TGC CGG AGC-¥ Pst 1

Al ' ¥-GGAA TIC ATGG ATC AGG TGG AAG CGA C-¥ EcoR 1
A2 §-CCATC GATATC AGG CCG AGA GGG TCT GCT G-¥ . Cla 1

2 Underlined indicates restriction site.
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