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SUMMARY: A simple, rapid, and low-cost identification method is required in tuberculosis high-bur-

den countries. We report the applicability of in-house loop-mediated isothermal amplification (LAMP)

targeting 16S ribosomal RNA for the rapid identification of Mycobacterium tuberculosis complex

grown on Lowenstein-Jensen media. Eighty acid-fast staining-positive clinical isolates were selected and .
used to evaluate the LAMP assay in comparison with polymerase chain reaction and conventional cul-

ture-based tests. The LAMP assay identified 60 M. tuberculosis isolates from 80 clinical isolates using

simple heat-extracted DNA directly from the colony suspension. The results were in complete agreement

with those obtained using the other methods, and the utility of the direct LAMP assay from a colony

was demonstrated. The LAMP assay appears to be a practical and low-cost method that can be used for

the rapid identification of M. tuberculosis isolates and suitable for endemic low-resource settings.

Tuberculosis (TB) is still the most common deadly in-
fectious disease worldwide. In Thailand, almost 130,000
people suffer from active TB and approximately 11,000
deaths occur annually. The nation ranks 18th on the list
of 22 ““TB high-burden countries’’ in the world (1).
Although most mycobacterial infections are still caused
by Mycobacterium tuberculosis complex (MTC), non-
tuberculous mycobacteria (NTM) have been document-
ed to cause a number of human pulmonary infections in
developed and developing countries (2-3). The increas-
ing incidence of TB and NTM infections caused by the
acquired immunodeficiency syndrome (AIDS) epidemic
has resulted in the need for rapid and accurate identifi-
cation of isolates grown on media so that appropriate
treatment can be prescribed.

The culture and identification of MTC is still the gold
standard for diagnosing TB, although MTC can be di-
rectly identified from clinical specimens using genetic
methods such as polymerase chain reaction (PCR) or
loop-mediated isothermal amplification (LAMP) be-
cause these methods cannot differentiate between live

*Corresponding author: Mailing address: Division of
Global Epidemiology, Hokkaido University Research Cen-
ter for Zoonosis Control, Kita 20, Nishi 10, Kita-ku, Sap-
poro 001-0020, Japan. Tel: +81-11-706-9503. Fax: + 81-
706-7310. E-mail: suzuki@czc.hokudai.ac.jp
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and dead TB bacilli. However, conventional identifica-
tion methods depending on biochemical assays and the
phenotypic examination of colony formation on solid
media are labor-intensive and time-consuming owing to
the slow growth rate of MTC (4). In addition, the results
of biochemical tests are sometimes inconclusive because
of their low sensitivity and reproducibility. Thus, a
rapid means of identifying MTC is essential for enhanc-
ing diagnostic services in mycobacteria laboratories and
for improving the management of patients. PCR-based
methods for the detection of MTC grown on Lowen-
stein~Jensen (L-J) media have been reported and
proposed as an alternative method (5). Till date, the use
of traditional nucleic acid amplification appears to be
restricted to the laboratory setting, equipment, and
technical expertise. The immunochromatography test
(ICT) is commercially available and is widely used for
the rapid confirmation of M. tuberculosis cultures
(6-7). Although ICT is an easier method for the detec-
tion of MTC from culture samples, adequate growth
with prolonged incubation is necessary to avoid false
negative results (8). In recent years, several new molecu-
lar techniques, including LAMP, have been developed
and used for M. tuberculosis detection (9-12). Com-
pared with modern molecular methods, which are rela-
tively complex and economically unsuitable for labora-
tories with limited resources, LAMP is a low-cost

-03 .



molecular assay that combines specificity and sensitivi-
ty. The advantages of the LAMP technique include its
simplicity, i.e., isothermal amplification at a constant
temperature of 60°C-65°C without any need for
sophisticated equipments such as a thermal cycler, and
the direct visual inspection of gene amplification in the
reaction tube as opposed to analysis by gel electrophore-
sis (13-17). The positivity of the reaction can be easily
detected by the naked eye as a color change or the obser-
vation of a white precipitate (15,17). Because of its sim-
plicity and cost effectiveness, LAMP is a promising
molecular technique that could be readily applied to the
rapid detection and identification of M. fuberculosis in
resource-limited settings.

This study aimed to assess the performance and
applicability of in-house LAMP, known as TB-LAMP,
to the rapid and accurate identification of MTC grown
on L-J medium, which is used commonly in conven-
tional mycobacterial culture. Sputum samples were col-
lected, decontaminated by N-acetyl-L-cysteine-NaOH
treatment, inoculated onto L-J slants, and examined
for growth or contamination at 37°C (4). The bacteria
that grew on L-J medium were examined to determine
their colony morphology, growth rate, pigmentation,
and Ziehl-Neelsen staining results. DNA was extracted
from colonies recovered from L-J media that were posi-
tive for acid-fast bacilli (AFB) using a simple boiling
method. In brief, putative small colonies were picked
and suspended in a microcentrifuge tube containing 100
ul distilled water. DNA was extracted by boiling the cell
suspension using a dry heat block at 80°C for 10 min.
After brief spinning at 2,000 X g for 5 s, an aliquot of
cell lysate was added directly to the LAMP reaction
mixture as described in previous studies (12,18). In
brief, LAMP for MTC was performed in a 20-ul reac-
tion mixture, which contained 2.0 ul of 10 X LAMP
buffer [200 mM Tris-HCI (pH 8.8), 100 mM KCl, 100
mM NH,SO,, and 1% Triton X-100], 14 mM dNTPs,
0.8 M betaine, 300 mM MgSO,, 30 pmol FIP and BIP
primers, 20 pmol of FL and BL primers, 5 pmol F3 and
B3 primers, 8 U Bst DNA polymerase (New England
Biolabs, Inc., Ipswich, Md., USA), 1 ul Fluorescent
Detection Reagent (FDR; Eiken Chemical Co., LTD.,
Tokyo, Japan) and 7 ul cell lysate. The set of 6 primers
used in this study was described in our previous studies
(12,18). After incubation at 65°C for 1 h in a small heat
block, DNA amplification was detected in LAMP reac-
tions as a color change from orange to green using the
naked eye (Fig. 1). The results were compared with
those of multiplex PCR analysis, which could differenti-
ate between MTC and NTM in a single tube, as well as
classical biochemical tests, which comprised niacin ac-
cumulation, nitrate reduction, catalase production, and
susceptibility to paranitrobenzoic acid (PNB) when
heavy growth of each isolate was achieved (4).

The specificity and sensitivity of TB-LAMP were in-
tensively examined in our previous study of direct detec-
tion from clinical specimens (12) and liquid culture (18).
TB-LAMP was specific to MTC and could directly de-
tect as few as 9 tubercle bacilli in sputum samples.
However, the direct detection of MTC from clinical
specimen cannot differentiate between living and dead
TB bacilli, while liquid culture examination is not sus-
tainable in many developing countries because of its
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Fig. 1. Identification of M. tuberculosis complex isolates by TB-
LAMP and multiplex PCR.

DNA extracted by heat lysis from mycobacterial clinical iso-
lates positive for acid-fast bacilli was used for TB-LAMP and
multiplex PCR reactions. M. tuberculosis complex and non-
tuberculous mycobacteria were identified by visual observation
of the color change in LAMP and by agarose gel electrophore-
sis in multiplex PCR. A. Visual appearance of LAMP results
showing N: negative control, 1-2: non-tuberculous mycobac-
terial isolates, P: positive control, and 3-5: M. tuberculosis
complex isolates. B. Multiplex PCR results analyzed by
agarose gel electrophoresis. A 439-bp DNA band specific for
Mpycobacterium spp. reported to contain NTM in the samples.
PCR positive for 439 bp specific for Mycobacterium spp. and
341 bp specific for MTC reported as containing MTC in the
samples. Lane M: DNA marker; Lane, 1, 2 and 4: PCR
product from M. tuberculosis complex isolates and Lane 3:
PCR product from non-tuberculous mycobacterial isolates.

cost, although it is recommended in many settings. Solid
culture examination is still considered essential, and it
has been used in many developing countries. Thus, we
examined the feasibility of TB-LAMP for the detection
of MTC in early culture-positive samples. Using TB-
LAMP, 60 clinical isolates, which were presumed to be
MTC on the basis of visual observations of the colonies,
were rapidly identified as MTC by TB-LAMP. As ex-
pected, the remaining 20 isolates, which were presumed
to be NTM, yielded negative results with TB-LAMP.
The TB-LAMP results were in complete agreement with
the multiplex PCR results (Fig. 1). In addition, all the
isolates with the biochemical characteristics of MTC
and susceptibility to PNB exhibited positive results by
TB-LAMP (Table 1). There were no false-positive iden-
tification results using TB-LAMP among all 20 NTM
isolates (Table 1). These concordant identification
results confirmed the specificity of TB-LAMP for
MTC, and the simple DNA extraction from the tiny
colony on L-J medium at the beginning of culture
growth made identification by this method much quick-
er than that by the combination of biochemical tests and
susceptibility to PNB. In addition, the overall procedure
of the TB-LAMP assay allowed M. tuberculosis iden-
tification to be completed in less than 2 h without any
requirements of expensive or complex instruments. The
LAMP system uses a simple aluminum heat block that
can be powered by a handy battery, therefore, it can be
used in difficult settings that experience power interrup-

-94 -



Table 1. Concordance of identification results by TB-LAMP
with conventional methods

M. tuberculosis Non-tuberculous

complex mycobacteria
TB-LAMP
Positive 60 (100%) 0 (0%)
Negative 0 (0%) 20 (100%)

*Isolates were identified by conventional methods, multiplex
PCR, biochemical tests, and PNB susceptibility.

tions. This study clearly demonstrated the utility of TB-
LAMP for the rapid identification of MTC grown on
L-J medium. Conventional identification has a long
delay because of the need for heavy growth and labor-
intensive procedures; however, it could be substituted
with this alternative nucleic acid isothermal amplifica-
tion method. The preparatory steps required to extract
DNA for the LAMP reaction in a simple heating
method also reduced the infection risk and the cost of
the test. Conventional nucleic acid amplification tests
are not widely used in developing countries because of
contamination by carry-over products. An advantage of
LAMP is that the results can be observed without any
further analysis unlike conventional nucleic acid am-
plification tests. Naked-eye observation of the color
change in the reaction mixture without opening the lid
of the reaction tube reduces the risk of cross-contamina-
tion.

TB is the most common mycobacterial infection in
developing countries; therefore, this simple and eco-
nomic identification method based on TB-LAMP could
be suitable for use in any laboratories that perform
mycobacterial culture.
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ARTICLE INFO SUMMARY

The emergence of extensively drug-resistant tuberculosis (XDR-TB) has raised public health concern for
global control of TB. Although molecular characterization of drug resistance-associated mutations in
multidrug-resistant isolates in Nepal has been made, mutations in XDR isolates and their genotypes have
not been reported previously. In this study, we identified and characterized 13 XDR Mycobacterium
tuberculosis isolates from clinical isolates in Nepal. The most prevalent mutations involved in rifampicin,
isoniazid, ofloxacin, and kanamycin/capreomycin resistance were Ser531Leu in rpoB gene (92.3%),
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ig’f‘:"’"’" Ser315Thr in katG gene (92.3%), Asp94Gly in gyrA gene (53.9%) and A1400G in rrs gene (61.5%),
Tuberculosis respectively. Spoligotyping and multilocus sequence typing revealed that 69% belonged to Beijing family,
Nepal especially modern types. Further typing with 26-loci variable number of tandem repeats suggested the

current spread of XDR M. tuberculosis. Our result highlights the need to reinforce the TB policy in Nepal

with regard to control and detection strategies.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Worldwide emergence of multi- and extensively drug-resistant
tuberculosis (MDR and XDR-TB) has become a major obstacle to TB
control. XDR-TB is a form of TB caused by Mycobacterium tubercu-
losis (MTB) strains, which is resistant to isoniazid (INH) and
rifampicin (RIF), defined as multidrug-resistant MTB (MDR-MTB),
as well as fluoroquinolone (FQ) and any of the second-line anti-TB
injectable drugs, amikacin (AMK), kanamycin (KAN), or capreo-
mycin (CAP). By the end of 2010, 68 countries had reported at least
one case of XDR-TB.! XDR-TB is the result of an adverse treatment
outcome of MDR-TB; many cases are never diagnosed due to limi-
tations in laboratory capacity to test for second-line drug resis-
tance.? Treatment of XDR-TB patients is more challenging and less
successful than that of patients with other types of TB3 An
extremely high death rate from XDR-TB was reported in patients
co-infected with HIV in South Africa.*

* Corresponding author. Division of Global Epidemiology, Hokkaido University
Research Center for Zoonosis Control, Kita 20-Nishi 10, Kita-ku, Sapporo 001-0020,
Japan. Tel.: +81 11 706 9503; fax: +81 11 706 7310.

E-mail address: suzuki@czc.hokudai.ac.jp (Y. Suzuki).

f AP. and B.M. contributed equally to this work.

1472-9792/$ — see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.tube.2012.10.007

In Nepal, TB is a major public health problem. The incidence of
all forms of TB was estimated to be 173/100,000 population while
the incidence of new smear-positive cases was at 77/100,000 in
2008. The four surveys conducted between 1996 and 2007 have
indicated the fluctuating prevalence of MDR-TB among new cases
of between 1.1% and 3.7% (1.1% in 1996, 3.7% in 1999, 1.4% in 2001
and 2.9% in 2007). The latest estimate of MDR-TB is 2.9% and 11.7%
among new and recurrent cases, respectively.">® Although the
prevalence of drug-resistance confirming mutations in MDR-TB
isolates in Nepal have been reported recently,® to the best of our
knowledge, no published data on mutations and genotypes of XDR-
MTB strains are currently available from Nepal.

Molecular epidemiological studies of M. tuberculosis strains have
identified variability in the phylogeography of strains globally.”®
Beijing strains are most prevalent globally and also associated
with enhanced acquisition of drug resistance; however their
resistance patterns varied regionally’ Drug resistance in
M. tuberculosis is commonly caused by mutations in various genes.
Previous works have indicated that mutations within 81-bp core
region of the RNA polymerase 8-subunit gene (rpoB) gene are the
cause of RIF resistance in more than 90% of cases.’®!! In contrast,
several different loci are known to be involved in INH resistance,
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especially katG and inhA.8'® Mutations in a conserved quinolone
resistance-determining region (QRDR) of the gyrA or gyrB genes
encoding DNA gyrase are often involved in fluoroquinolone (FQ)
resistance.'? Resistance to aminoglycosides (KAN and AMK) and
CAP is attributed to mutations in 16s rRNA (r7s) gene.B'14

The present study documents drug resistance-associated
mutations in XDR isolates from Nepal. To gain an insight into the
epidemniology of these isolates, genotyping by using spoligotyping,
multilocus sequence typing (MLST) and variable number of tandem
repeats (VNTR) were also performed.

2. Materials and methods
2.1. M. tuberculosis isolates

A total of 109 MDR M. tuberculosis clinical isolates were
randomly selected from isolates bank at German Nepal Tubercu-
losis Project (GENETUP), Nepal, collected over a 3-year period from
2007 to 2010. Each isolates were recovered from individual patients
with pulmonary TB.

2.2. Antibiotic susceptibility testing

Testing for susceptibility to first- and second-line drugs was
carried out at GENETUP using the conventional proportional
method on Léwenstein—jensen medium according to the World
Health Organization guidelines’ with the following critical drug
concentrations: INH (Cat No. 2261/0801; Fatol Arzneimittel GmbH,
Schiffweiler, Germany); 0.2 pg/ml, RIF (Cat No. 004030; Fatol);
40 pg/ml, streptomycin (STR) (Cat No. S6501; Sigma—Aldrich, St.
Louis, MO); 4 pg/ml, ethambutol (EMB) (Cat No. 1237/0806; Fatol);
2 pg/ml, ofloxacin (OFX; Cat No. 08757; Sigma-—Aldrich); 2 pg/ml,
KAN (Cat No. 60615; Sigma—Aldrich); 30 pg/ml and CAP (Cat No.
C4142; Sigma—Aldrich); 40 pg/ml.

2.3. DNA extraction

DNA was prepared for PCR by mechanical disruption, as
described previously.® Briefly, the colonies were suspended in TE
buffer consisting of 10 mM Tris—HCl (pH 8.0) and 1 mM EDTA in
a 2 ml screw-cap vial, one-fourth of which was filled with 0.5 g
glass beads (0.1 mm) (Bio Spec Products Inc.,, Bartlesville, OK).
Mycobacterial cells were disrupted by shaking with 0.5 ml chlo-
roform on a cell disrupter (Micro smash; Tomy Seiko Co. Ltd., Tokyo,
Japan) for 1 min. After centrifugation, the DNA in the upper layer
was concentrated by ethanol precipitation and dissolved in 100 pl
TE buffer.

2.4. PCR amplification and DNA sequencing of drug resistance-
associated genes

PCR reactions were performed in a 20 pl mixture consisted of
0.25 mM each of dNTPs, 0.5 M betaine, 0.5 pM of each primer
(Primers for rrs, gyrA and gyrB in Table 1 and those in Poudel A
et al® for rpoB, katG and inhA gene segment amplification). One U
GoTaq DNA Polymerase (Promega, Madison, WI), GoTaq buffer and
1 ul DNA template. The reactions were carried out in a thermal
cycler (Bio-Rad Laboratories, Ipswich, MA) under the following
conditions: initial denaturation at 96 °C for 60 s followed by 35
cycles of denaturation at 96 °C for 10 s, annealing at 55 °C for 10 s
and extension at 72 °C for 30 s with a final extension at 72 °C for
5 min. PCR products were sequenced according to the manufac-
turer’s instructions with the same primers used for PCR and the Big
Dye Terminator v3.1 Cycle Sequencing Kit (Life Technologies Corp.,
Carlsbad, CA) using an ABI PRISM 3130x! Genetic Analyzer (Life

Table 1
Nucleotide sequence of primers used for PCR and sequencing.

Locus Primer Nucleotide sequence (5'~3) Target region Product
size (bp)

220-339 321

gyrA TBgyrAS  AGCGCAGCTACATCGACTATGCG
TB gyrA AS CTTCGGTGTACCTCATCGCCGCC

gyrB TBgyrBS CGGCACGTAAGGCACGAGAG 1373-1770 398
TB gyrB AS GAACCGGAACAACAACGTCAAC

s TBrrs S AGTCCCGCAACGAGCGCAACCC  1350—1550 665
TB s AS  GATGCTCGCAACCACTATCCA

Technologies Corp.). The resulting sequences were compared with
wild-type sequences of M. tuberculosis H37Rv using Bio-Edit soft-
ware (version 7.0.9) (http://www.mbio.ncsu.edu/bioedit/bioedit.
html).

2.5. Phylogenetic markers

Spoligotyping was performed according to the standard
protocol.’ and the spoligotype in the binary format was compared
with the SpolDB4 database.!” Another molecular epidemiological
investigation was performed by PCR amplification of the 26 vari-
able M. tuberculosis microsatellites and assigned an allele number
based on the number of repeats as described previously.'® A
combined spoligotype-VNTR UPGMA3 dendrogram was computed
and drawn using Bionumerics 6.0 version software (Applied Maths,
Sint-Marten-Latems, Belgium). MLST targeting 10 chromosomal
positions were performed according to Filliol et al.'®

3. Results
3.1. Drug-susceptibility patterns

Among 109 MDR-MTB isolates obtained, 13 were found to be
XDR (Table 2). Three of the patients having XDR-TBs (84, 90 and
123) were naive for MDR treatment. Of the remaining 96 isolates,
41,1, and 1 were mono-resistant to OFX, KAN, and CAP, respectively,
and categorized as pre-XDR-MTB.

3.2. Geographical distribution of XDR M. tuberculosis isolates

The XDR-MTB isolates were originated from patients living in
five main cities of Nepal (Figure 1): Kathmandu (n = 7), Pokhara
(n = 3), Butwal (n = 1), Bhairahawa (n = 1) and Dhangadhi (n = 1).
The number of XDR-TB in Kathmandu correlates well with its high
population.

3.3. Mutations identified in the rpoB, katG, inhA, gyrA, gyrB and r1s
genes

Sequence analysis identified the most frequent mutations
conferring Ser to Leu amino acid substitution at position 531
(Ser531Leu) in rpoB (12/13), Ser315Thr in katG (12/13), Asp94Gly in
gyrA (7/13), and a mutation from A to G at nucleotide position 1400
(A1400G) in rrs (9/13). Other mutations with lower rates were seen
in rpoB (Asp516Val; 1/13), inhA regulatory region (C-15T; 1/13),
gYrA (Ser91Pro; 1/13, Asp94Ala; 2/13, Asp94Asn; 1/13, Asp94His; 1/
13, and Asp94Tyr; 1/13), and rrs (C1401T and G1483T; two each),
while none had mutations in the quinolone resistance-determining
region of gyrB (Table 2).

3.4. Spoligotyping and MLST

Among XDR-TB isolates, Spoligotyping revealed the predomi-
nance of Beijing family strains (9/13). In addition, 1 strain of CAS
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Table 2
Antimicrobial susceptibility profile and mutation pattern of the different drug-target genes or regions among XDR isolates.
Strain  Drug susceptibility profile’ Mutation pattern in different drug-target genes or regions® Spoligotype based Geographical Age of
MO RFP INH STR EMB OFX KAN CAP rpoB katG inhA eyih B rs clade with ST location patient
regulatory
region
84 R R R R R R R Ser531Lleu  Ser315Thr wt® Asp94Gly wt  A1400G Beijing (Modern) Kathmandu 21
86 R R R R R R R Ser531Leu  Ser315Thr wt Asp94Gly  wt C1401T  Beijing (Modern) Kathmandu 16
90 R R R R R R R Asp516Val  Ser315Thr wt Ser91Pro wt  A1400G Beijing (Ancient) Kathmandu 26
103 R R R R R R R Ser531Leu  Ser315Thr wt Asp94Gly  wt C1401T  Beijing (Modern) Kathmandu 24
108 R R S S R R R Ser531Leu  Ser315Thr wt Asp94Gly  wt A1400G CAS Kathmandu 40
118 R R R R R R R Ser531Leu  Ser315Thr wt Asp94Gly  wt A1400G  Beijing (Modern) Kathmandu 25
123 R R R R R R R Ser531Leu  wt C-15T Asp94Asn  wt G1483T Beijing (Modern)  Kathmandu 21
139 R R R R R R R Ser531Leu  Ser315Thr wt Asp94Ala  wt A1400G Beijing (Modern)  Pokhara 25
140 R R R R R R R Ser531leu  Ser315Thr wt Asp94Ala  wt A1400G T2 Pokhara 33
142 R R R R R R R Ser531Leu  Ser315Thr wt Asp94Tyr wt G1483T New Pokhara 45
151 R R R R R R R Ser531Leu  Ser315Thr wt Asp94His  wt A1400G T1 Bhairahawa 40
155 R R R R R R R Ser531Leu Ser315Thr wt Asp94Gly wt  A1400G Beijing (Modern)  Butwal 18
161 R R R R R R R Ser531Leu - Ser315Thr wt Asp94Gly wt  A1400G Beijing (Modern)  Dhangadhi 32

* INH, isoniazid; RFP, rifampicin; STR, streptomycin; EMB, ethambutol; OFX, ofloxacin; KAN, kanamycin; CAP, capreomycin; R, resistant; S, susceptible.
T Mutations in rpoB, katG and gyrA are presented as amino acid changes with codon position; mutations in rrs gene and inhA promoter region are presented as nucleotide

changes with mutation position.
¥ WT, wild type.

family, 2 strains of T family (T1 and T2) and 1 strain of undefined
type were also identified. MLST confirmed 8 isolates with Beijing
spoligotype belonged to modern types (Table 2).

3.5. Cluster analysis by VNTR

VNTR typing grouped the isolates into seven unique patterns
and two clusters (Figure 2). Each cluster contained three isolates of
the Beijing family. Among the clustered isolates, 86 and 103 in
a cluster (cluster 1) had the same profile of drug resistance-
associated mutations (rpoB-Ser531Leu, katG-Ser315Thr, gyrA-
Asp94Gly, and r1s-C1401T), whereas 84 carried a distinct mutation
in rs (A1400G). Similarly, 118 and 161 in another cluster (cluster 2)
had the same profile of drug resistance-associated mutations (rpoB-
Ser531Leu, katG-Ser315Thr, gyrA-Asp94Gly, and r71s-A1400G) and
123 showed a distinct mutation pattern (C-15T at inhA regulatory
region instead of katG-Ser315Thr for INH resistance, gyrA-
Asp94Asn for FQ resistance, and rrs-G1483T for KAN/CAP
resistance).

4. Discussion

In this study, we investigated drug resistance-associated muta-
tions and genotypes of XDR-MTB isolates in Nepal. This study also

5

India

4 59 109km
| S T—

Figure 1. Geographical location of XDR-TB isolation. Cities where XDR-MTB has been
isolated are indicated by a closed circle.

raises concerns over the high proportion of pre-XDR-TB in Nepal.
The high rate of pre-XDR-MTB isolates implied the inappropriate
usage of drugs, especially FQs, including OFX. OFX is the most
commonly prescribed antibiotic for respiratory tract infection in
Nepal and this might lead to the emergence of pre-XDR-TB with
resistance to OFX. As drug resistance in M. tuberculosis is due to the
stepwise accurnulation of mutations in the genome, this pool of pre-
XDR-MTB isolates are always at the risk of developing XDR-TB.

Sequence analysis of the hot spot regions of various genetic loci
showed that the most common mutations among XDR isolates
were Ser531Leu of rpoB, Ser315Thr of katG, Asp94Gly of gyrA and
A1400G of rrs for RIF, INH, OFX and KAN/CAP resistance, respec-
tively. Other studies have also reported similar mutations among
XDR-TB isolates from different countries.?’~%* As mutations such
conferring amino acid substitutions, Ser531Leu in rpoB and
Ser315Thr in katG with low fitness costs are known to dominate the
drug-resistant isolates.?*

Genotyping of the isolate by spoligotyping and MLST pointed out
the predominance of strains belonging to the modern type Beijing
genotypes. The similar involvement of XDR-MTB by modern type
Beijing genotypes has been reported from South Africa,® India,2° and
China,?® while the ancient type Beijing family predominates in
Japan.?® Over-representation of Beijing genotype in XDR-MTB in this
study compared to the lower prevalence of this genotype in non-
MDR and MDR isolates (33 and 51%, respectively; data not shown)
supported the previous study that this genotype has been associated
with drug resistance,*?® because of its higher mutation rates and
lower fitness costs with specific mutations.?* The significantly low
average age of patients suffering from Beijing genotype MTB
compared to patients suffering from MTB with other genotypes
(23.1 +4.8 vs 39.5 + 4.9 years old; Table 2) may suggest the higher
transmissibility of Beijing genotype XDR-MTB among the young
generation because of their frequent movement.?’

Although the numbers of isolates were small, complete matches
of VNTR, including three hypervariable loci (QUB 11a, QUB 3232,
QUB 3336) and drug resistance-associated mutations between two
isolates in each cluster, suggested the possible transmission of XDR-
TB in Nepal. MDR treatment of a patient who was the source of
strain No. 103 started 3rd, April 2006 and the duration of MDR
treatment was 12 month. In contrast, that of strain No. 86 started
29th, October 2009 and the duration of MDR treatment was 1
month. By these facts, we arrived at the idea that patient with strain
No. 103 might be a source of transmission of XDR-TB and that with
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Figure 2. Dendrogram and schematic representation of VNTR typing and spoligotyping results obtained with 13 XDR-TB isolates in Nepal. Column A: dendrogram (UPGMA method,
distance matrix average of spoligotyping-based and VNTR) built with Bionumerics version 6, B: strain identification, C: 26 loci VNTR results, D: spoligotyping-based defined clades;
E: spoligotyping international type, F: geographical location, G: MDR treatment start date and H: duration of MDR treatment.

strain No. 86 might be a recipient. Alternatively, there might be
common transmission source(s) to these patients. Situation was
different in another cluster. MDR treatment of a patient who was
the source of strain No. 118 started 23rd, September 2008 and the
duration of MDR treatment was 2 month and primary XDR-TB was
suspected. In contrast, that of strain No. 161 started 28th, January
2009 and the duration of MDR treatment was 14 month. The
existence of common infection source of these strains was
supposed. The transmission of XDR-TB was also speculated from
the fact that three patients (from whom strain No. 84, 90 and 123
were isolated) were naive for MDR-TB treatment. It is interesting
that transmission of XDR-TB were speculated not only within
Kathmandu but also between Kathmandu and Dhangadhi, apart
more than 650 km (Figure 1). As Kathmandu is the capital of Nepal
and people come and go frequently from different parts of Nepal,
transmission between people living in Kathmandu and those living
far from Kathmandu might be possible. Indeed, the patient from
whom strain No. 161 was isolated has a history of traveling to
Kathmandu. The possibility of transmission of XDR-TB seemed to
be high, especially in cluster 1 (including strains No. 86 and 103),
because the rrs-C1401T mutation carried by both strain No. 86 and
106 was rare between KAN/CAP-resistant isolates.'®*> On the other
hand, care should be taken when concluding XDR-TB transmission
in cluster 2 (including strains No. 118 and 161) as both of the
mutations, gyrA-Asp94Gly and r7s-A1400G, have been reported to
be rather common in OFX- and KAN/CAP-resistant MTB, respec-
tively, and the distance between the two cities is great. The high
rate of pre-XDR-TB in MDR-TB might suggest the acquisition of XDR
phenotype during successive transmission as these strains belong
to the Beijing family, known to have higher mutation-acquiring
capacity. The high number of MDR-TB patients who stop treat-
ment in Nepal could also explain this high drug resistance acqui-
sition rate.? Both the possibility of direct transmission and acquired
resistance should be considered equally for XDR-TB in Nepal.

5. Conclusion

The majority of XDR-MTB isolates in this study belonged to the
Beijing family. Infections of this family were more common among
younger generation than those belonging to other spoligotype
families. In addition, the identical pattern of VNTR and drug
resistance-associated mutations suggested the possible transmission

of Beijing genotype XDR-MTB among people in Nepal. Our findings
emphasize the urgent need to identify patients suffering from XDR-
TB with Beijing genotype MTB and to treat them in isolated wards
for a better control program to prevent the spread of this incurable
disease.
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