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Isolates of the Mycobacterium tuberculosis Beijing lineage are associated with high rates of transmission,
hypervirulence and drug resistance. The Beijing lineage has been shown to dominate the tuberculosis (TB)
epidemic in East Asia; however, the diversity and frequency of M. tuberculosis genotypes from Myanmar are
unknown. We present the first comprehensive study describing the M. tuberculosis isolates circulating in
Yangon, Myanmar. Thus, 310 isolates from pulmonary TB patients from Yangon, Myanmar, were genotyped
by spoligotyping and IS6110-based restriction fragment length polymorphism analysis (IS6110 RFLP). The
most frequent lineages observed were the East African-Indian (EAI; 48.4%; n = 150) and Beijing (31.9%; n =
99) lineages. Isolates belonging to the most frequent shared types (STs), ST1 (n = 98; Beijing), ST292 (n = 28;
EAI), and ST89 (n = 11; EAI), had =75% similarity in their IS6110 patterns. Five of 11 Beijing isolates
comprising five clusters with identical IS6110 RFLP patterns could be discriminated by mycobacterial inter-
spersed repetitive-unit-variable-number tandem-repeat (MIRU-VNTR) analysis. Of the 150 EAI isolates, 40
isolates (26.7%) had only one 1S6110 copy, and 17 of these isolates could be discriminated by MIRU-VNTR
analysis. The findings from this study suggest that although there is a predominance of the ancient EAI lineage
in Yangon, the TB epidemic in Yangon is driven by clonal expansion of the ST1 genotype. The Beijing lineage
isolates (21.4%) were more likely (P = 0.009) than EAI lineage isolates to be multidrug resistant (MDR) (1.3%;
odds ratio, 3.2, adjusted for the patients’ history of exposure to anti-TB drugs), suggesting that the spread of

MDR Beijing isolates is a major problem in Yangon.

Despite global efforts to combat tuberculosis (TB), the caus-
ative agent of which is Mycobacterium tuberculosis, TB still
remains the leading cause of death caused by a single patho-
gen. This disease is a major public health problem worldwide,
but it is especially a problem in developing countries. Myanmar
is 1 of 22 countries that together account for 80% of the
world’s new TB cases (38). Several studies have described the
prevalence and distribution of M. tuberculosis genotypes in
other parts of the Southeast Asia region (2-4, 13); however,
very little is known about the genotypes prevalent in Myanmar.
A high proportion of M. tuberculosis isolates in many Asian
countries and all over Russia belong to the Beijing lineage (5,
12, 21, 33). These strains multiply faster than a laboratory M.
tuberculosis strain in monocytes (20), and although some stud-
ies have shown an association with increased multidrug resis-
tance (MDR) (1, 2, 17, 31, 33), others have not found this
association (14). It has previously been shown that missense
mutations in the DNA repair genes of the W-Beijing genotype
have provided a true selective advantage for this lineage that
allow it to adapt and persist, including the ability to acquire
resistance to anti-TB drugs (25). However, a study by Wern-
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gren and Hoffner (37) suggests that the association of the
Beijing genotype with MDR may not be due to an increased
mutation rate of the Beijing strains. Genotyping of M. tuber-
culosis strains has been greatly facilitated by the discovery of
highly repetitive DNA elements on the M. tuberculosis genome
(10). Two molecular strain typing methods that take advantage
of the polymorphisms caused by repetitive elements on the M.
tuberculosis genome are IS6110-based restriction fragment
length polymorphism (RFLP) analysis (IS6//0 RFLP) (34)
and spoligotyping (15). These two techniques are routinely
used to discriminate between M. tuberculosis isolates and are
useful tools in investigations that attempt to detect emerging
epidemics caused by new and/or hypervirulent genotypes (4,
17, 33).

In previous studies (23, 24), we have shown that about one-
third of isolates from new TB patients attending the National
TB Program (NTP) of Myanmar were resistant to any of the
first-line anti-TB drugs (streptomycin, isoniazid, rifampin
[rifampicin], or ethambutol) and that about 4% and 18% of
new and previously treated TB patients (in Yangon, Myan-
mar), respectively, had MDR TB. Yangon is the former capital
of Myanmar, and with about 6 million inhabitants, it is the
most densely populated area in Myanmar (22). The aim of this
study was to genotypically characterize the M. tuberculosis iso-
lates from patients with pulmonary TB in Yangon and deter-
mine if there is any association between the prevalent geno-
types and MDR TB.

(The results of this study were presented in part at a poster
session at the 6th International Meeting on Microbial Epide-
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miological Markers, 27 to 30 August 2003, Les Diablerets,
Switzerland.)

MATERIALS AND METHODS

Setting and patients. Sputum specimens from 567 patients with pulmonary TB
attending the Yangon Division of NTP (2002) were collected at four district
diagnostic and treatment centers run by the NTP. The centers are situated in four
administrative districts of the Yangon Division, i.e., the east, west, south, and
north districts, which cover 2 million, 1 million, 1.4 million, and 1.6 million
inhabitants, respectively. Patients were diagnosed as having pulmonary TB on
the basis of their medical histories, clinical signs, two acid-fast bacillus smear-
positive sputum samples, and chest X rays, when necessary. From April to
August 2002 and from October to December 2002, patients older than 14 years
of age with pulmonary TB seen at one of the four district centers were included
in the study. Following the provision of informed consent, all participants were
interviewed by trained physicians who used structured questionnaires that pro-
vided options for open-ended answers. The information collected included so-
cioeconomic and demographic characteristics, current status and history of M.
tuberculosis infection, history of contact with a TB case, history of anti-TB
treatment, and chest X-ray findings. The study was approved by the Ethical
Committee of the Ministry of Health of Myanmar and the Regional Committee
for Ethics in Medical Research in Bergen, Norway.

Sample collection. Two smear-positive sputum samples from each patient
were sent to the national TB reference laboratory in Yangon and were inocu-
lated onto Ogawa medium by standard procedures (18). The isolates were trans-
ferred to Greave’s medium (5% monosodium glutamate, 10% glycerol, 5%
bovine serum albumin [pH 7]) and were kept at —20°C prior to further analysis.
Three hundred ten of 447 isolates recovered from the cultures were available for
this study.

Spoligotyping. Genomic DNA was isolated from the M. tuberculosis isolates as
previously described by van Embden et al. (35). Spoligotyping was performed
with commercially available activated Biodyne C membranes that had 43 syn-
thetic oligonucleotides covalently bound to the membranes (Isogen Bioscience
BV, Maarssen, The Netherlands), as recommended by the manufacturer. The
hybridization patterns were converted into binary and octal formats, as described
by Dale et al. (8), and compared with the patterns for the strains previously
reported in the SpolDB4 database (7).

1S6110 RFLP. IS6110 RFLP was performed with Pvull-restricted DNA by the
standardized procedure described by van Embden et al. (34, 35). An enhanced
chemiluminescence direct nucleic acid labeling and detection system kit (Amer-
sham Pharmacia) was used for labeling and detection of the probe. The mem-
branes were autoradiographed by using Hyperfilm (Amersham Pharmacia) and
were scanned with a ScanJet 5200C scanner (Hewlett-Packard). The banding
patterns were analyzed by using the Bionumerics (version 3.0) program (Applied
Maths, Kortrijk, Belgium). The positions of the bands in each lane were nor-
malized by using an internal marker. The band position tolerance and optimi-
zation were set at 1.0% each so that the banding patterns of the reference strain
(M. tuberculosis H37Rv) from the different gels were 100% similar. The Dice
coefficient of similarity was calculated, and the unweighted pair group method
with arithmetic averages was used for cluster analysis. A cluster was defined as
two or more isolates sharing an identical IS6//0 RFLP pattern. Isolates were
assigned to groups, which were based on three or more isolates sharing >75%
similarity in their IS67110 RFLP patterns.

MIRU-VNTR analysis. Isolates with identical IS67110 RFLP patterns and iso-
lates with a single copy of 1S6110 were chosen for genotyping by mycobacterial
interspersed repetitive-unit-variable-number tandem-repeat (MIRU-VNTR)
analysis, as described by Supply et al. (32). Clustered isolates and isolates with a
single copy of IS6710 were subjected to PCR of the MIRU4, MIRU10, MIRU16,
MIRU26, MIRU31, and MIRU40 loci. These loci were selected on the basis of
their ability to discriminate isolates of the Beijing and East African-Indian (EAT)
lineages (unpublished data). Isolates which could be discriminated by two or
more loci by six-locus MIRU-VNTR analysis were considered to be clonally
different. Isolates with a difference in one locus or less were analyzed by analysis
of an additional nine loci (Mtub04, ETR-A, ETR-C, Mtub30, Mtub39, QUB-
4156¢, QUB-11c, Mtub21, and QUB-26). Isolates that had identical MIRU-
VNTR types after 15-locus MIRU-VNTR analysis or that differed by only 1 locus
were considered clonally related. Amplification was performed in a total volume
of 20 pl containing 1 wl DNA, 0.04 to 0.4 uM of all 15 primer sets, and HotStart
Taq Plus polymerase master mix (Qiagen). All reactions were subjected to a cycle
of 95°C for 5 min, followed by 30 cycles of 30 s at 94°C, 1 min at 55°C, and 1.5
min at 72°C and a final cycle of 7 min at 72°C. Analysis of the genotyping results
was performed by multiplex PCR with an X-rhodamine-labeled MapMarker
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1000 size standard (PE Applied Biosystems) for sizing of the PCR products. The
PCR fragments were analyzed with a capillary-based electrophoresis sequencer
(ABI 3700), and sizing of the various VNTR alleles was done with Peak Scanner
(version 1.0) software (PE Applied Biosystems).

Data analysis. Differences between proportions were analyzed by the chi-
square exact test (with Yates” correction for continuity) and expressed as odds
ratios (ORs) with 95% confidence intervals (CIs). Differences between contin-
uous data were analyzed by the ¢ test and are expressed as means = standard
deviations. A P value of <0.05 was taken to represent statistical significance. The
patient’s history of TB treatment was adjusted for establishment of a link be-
tween drug resistance and the Beijing lineage by using simple and multivariable
logistic regression analyses with SPSS (version 14.0) software (Softonic).

RESULTS

Patient characteristics. A total of 310 patients with culture-
positive pulmonary TB from four district diagnostic and treat-
ment centers in the Yangon Division were included in this
study. Seventy percent of the patients included were male, and
the mean age was 36.6 years, with 73.5% of the patients being
<45 years of age. Forty-four percent of the patients had a
history of contact with a TB case, and 33% had previously been
treated for TB.

Prevalence of spoligotypes in Yangon. The spoligotyping
results obtained in this study were compared with the shared
type (ST) number and the lineages and sublineages described
in the SpolDB4 database (7), which provides the genotyping
results for 39,295 M. tuberculosis complex strains. A total of
109 different spoligotypes were observed among the 310 iso-
lates (Fig. 1), and 56 of these were previously described (7).
Two hundred ninety-six (95.5%) isolates were classified into
seven previously described lineages. The frequencies of the
spoligotype lineages were as follows: 150 (48.4%) isolates be-
longed to the EAI lineage, 99 (31.9%) belonged to the Beijing
lineage, 15 (4.8%) belonged to the Central Asian (CAS) lin-
eage, 14 (4.5%) belonged to the Latin American-Mediterra-
nean lineage, 11 (3.5%) belonged to the T lineage, 5 (1.6%)
belonged to the MANU lineage, and 2 (0.6%) belonged to the
X lineage. One isolate was classified as belonging to the Bei-
jing-like sublineage, and 13 isolates could not be assigned to
any of the previously described lineages.

Table 1 shows the ST distributions of M. tuberculosis isolates
belonging to the two most commonly circulating lineages (Bei-
jing and EAI) in Yangon. ST1 (Beijing lineage) was the most
prevalent ST among the isolates in this study (n = 98 isolates;
31.6%). One hundred forty-three of 150 EAI isolates were
grouped into nine previously described EAI sublineages,
whereas 7 isolates could not be assigned to any of the previ-
ously described sublineages (Table 1) (7). Of the 43 orphan
isolates from the EAI lineage, 5 isolates sharing the same
spoligotype pattern were assigned to a group designated YGN.

IS6110 RFLP of Beijing and EAI lineage isolates. Table 2
shows the most prevalent genotypes (ST1, ST292, and ST89)
divided on the basis of the number of copies of IS6110. Isolates
with less than seven copies were termed low-copy-number iso-
lates, and isolates with seven or more copies were termed
high-copy-number isolates. One isolate belonging to the Bei-
jing lineage (ST255) also had more than seven IS6710 copies
(data not shown in Table 2). The majority of the ST292 isolates
(96.4%) and 100% of the ST89 isolates which belonged to the
EAl lineage had seven or more 1S6710 copies. Only one ST292
isolate had a low copy number.
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FIG. 1. Spoligotype patterns among the 310 M. tuberculosis isolates.
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TABLE 1. Distribution of STs of M. tuberculosis isolates belonging
to the two most commonly circulating lineages (Beijing and EAI)
in Yangon, Myanmar

Total no. (%)
of strains in
sublinecage

99 (31.9)

No. of

ST no. .
strains

Lineage or sublineage
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255 1

EAIS 236
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256

138
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413
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49 (15.8)
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EAI2-Manila ST1512 1
287 1
483 1

3(2.9)
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Previously undescribed EAI
sublineage

7(2.3)

N N

A hierarchical clustering of the IS67170 RFLP patterns for
the Beijing lineage isolates showed that 11 isolates formed five
clusters on the basis of the 100% similarity of their RFLP
patterns. Four clusters had two isolates each, whereas one
cluster comprised three isolates (Fig. 2). Of the 99 Beijing
lineage isolates, 86 ST1 isolates (87.8%) were assigned to four
groups with 75% similarity between the RFLP patterns. The
last group (group V) comprised two ST1 isolates and one
ST255 isolate, with all three isolates having =17 copies of
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TABLE 2. Results of 1S67110 RFLP analysis of the three most
dominant M. tuberculosis STs from Yangon, Myanmar

No. of IS6110 No. of isolates

copies”

ST1 (n = 98) ST292 (n = 28) ST89 (n = 11)
1 0 0 0
2-6 0 1 0
7-16 42 24 11
=17 56 3 0

“ Isolates with less than seven IS6110 copies were considered low-copy-num-
ber isolates, and those with seven or more IS6710 copies were considered high-
copy-number isolates.

IS6110 (Fig. 2). Groups II and V were the smallest groups and
comprised 4 and 3 isolates, respectively, whereas the largest
group (group IV) comprised 59 isolates.

Since genotyping by IS6717/0 RFLP has a low discriminatory
power for isolates with few IS6110 copies (36), RFLP com-
puter analysis was not performed for isolates with one copy of
IS6110 in this study. Forty of 150 EAI lineage isolates had only
one 1S6110 copy. Thus, Fig. 3 shows the RFLP patterns of 110
EAI lineage isolates with two or more IS6710 copies. Four
isolates comprised two clusters of 100% similarity (Fig. 3). Two
of these isolates shared an identical spoligotype pattern
(ST292), whereas of the isolates in the other cluster, one be-
longed to the ST89 lineage and the other isolate had a previ-
ously unreported spoligotype (674020003413771). Sixty-one of
the 110 EAI isolates with two or more IS6710 copies were
assigned to 11 groups on the basis of 75% similarity between
their RFLP patterns (Fig. 3). The largest group (group F)
comprised 13 isolates, whereas groups E, G, H, I, J, and K
comprised 3 isolates each. Of the 28 ST292 isolates, 17 (60.7%)
were distributed among 3 of the 11 groups (group A, n = 7,
group B, n = 4; group F, n = 6), whereas the remaining 11
isolates did not belong to any of the assigned groups. Of the 11
ST89 isolates, 10 (90.9%) were distributed among 2 of the
11 groups (group D, n = 7; group H, n = 3), whereas the
remaining ST89 isolate belonged to group E (Fig. 3).

MIRU-VNTR analysis of isolates which clustered by 1S6110
RFLP and isolates with one IS6110 copy. Eleven Beijing iso-
lates comprising five clusters with identical IS67110 RFLP pat-
terns, 2 ST292 isolates with identical IS67/70 RFLP patterns,
and 40 EAl isolates with a single copy of IS6110 were analyzed
by MIRU-VNTR analysis (Table 3). MIRU-VNTR analysis
could discriminate between two of the five Beijing clusters,
whereas seven Beijing isolates belonging to three different
clusters could not be discriminated by 15-locus MIRU-
VNTR analysis (Table 3). The two ST292 isolates and 17 of
the 40 EAI isolates with one copy of IS6110 could also be
discriminated by six-locus MIRU-VNTR analysis. Five iso-
lates with one copy of IS67/70 (three isolates belonging to
the ST72 genotype and two isolates with orphan genotypes)
could not be discriminated by 15-locus MIRU-VNTR anal-
ysis (Table 3).

Drug resistance among isolates of the Beijing lineage and
the EAI lineage. A total of 41.4% and 25.3% of the patients
infected with Beijing lineage isolates and patients infected with
EAI lineage isolates had a history of exposure to anti-TB
drugs, respectively (P = 0.006) (Table 4). The proportion of
drug-resistant isolates was significantly higher (P = 0.01)
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FIG. 2. Dendrogram of the 99 Beijing isolates produced by following the Dice and the unweighted pair group method with arithmetic average

analysis of the IS6770 RFLP patterns. Gray highlights isolates with identical I1S6710 RFLP patterns.

among patients infected with Beijing lineage isolates (44.9%) to both isoniazid and rifampin (Table 5) and, hence, were
than among patients infected with EAI lineage isolates defined as MDR, whereas only 2 of 150 (1.3%) of the EAI
(24.7%). lineage isolates were MDR. The Beijing lineage isolates were

Twenty-one Beijing lineage isolates (21.4%) were resistant more likely (P = 0.009) than EAI lineage isolates to be

MDR
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TABLE 3. MIRU-VNTR analysis of 53 isolates comprising seven clusters with identical IS67710 RFLP patterns

No. of alleles in the following MIRU-VNTR loci:

Lineage and Octal code for No. of
famil ST spoligotypin: 186110 QUB- QUB- QUB-
Yy poligotyping copies MIRU4 MIRU26 MIRU40 MIRUI0 MIRUI6 MIRU3l Mub04 ETR-C  ETR-A  Muwb30 Muwb39 jc 11b Mtub21 2%
Beijing
TL68 ST1 000000000003771 18 3 5 0.9 2 2 4
TL297 ST1 000000000003771 18 3 6 2.6 1 2 4
TL117 STI 000000000003771 14 3 6 3.4 2 2 4
TL237 ST1 000000000003771 14 3 7 2.6 2 2 3
TL120 ST1 000000000003771 14 3 6 35 2 2 4 3 3 4 4 2 2 8 4 3
TL194 ST1 000000000003771 14 3 6 3.4 2 2 4 3 3 4 4 2 2 8 4 3
TL174 ST1 000000000003771 17 3 6 2.6 2 2 3 3 3 4 4 2 2 5 4 7
TL181 ST1 000000000003771 17 3 6 2.6 2 2 4 3 3 4 4 2 2 5 4 7
TL261 ST1 000000000003771 17 3 6 2.6 2 2 4 3 3 4 2 2 2 3 4 7
TL205 ST1 000000000003771 18 3 6 2.6 1 2 4 44 33 4 4 2 2 6 4 6
TL264 ST1 000000000003771 18 3 6 2.6 1 2 3 44 33 4 4 2 2 6 4 6
EAI
TL166 ST292  777777757413371 8 4 2 1.8 3 2 3
TL171 ST292  777777757413371 8 5 2 2.6 3 2 4
TL45 Orphan  077737777413731 1 7 2 2.6 3 2 4
TL115 Orphan  077737777413731 1 4 5 1.8 1 2 2
TL64 Orphan  734177777413771 1 5 2 2.6 3 1 4 2 3 3 2 4 1 2 4 6
TL100 Orphan  734177777413771 1 7 2 2.6 2 1 4 2 2 6 2 4 1 2 4 6
TL267 Orphan  734177777413771 1 5 2 2.6 2 1 4 2 2 6 2 4 1 2 4 6
TL244 Orphan  734177777413771 1 5 2 2.6 2 1 3 2 3 6 2 4 1 2 4 5
TL126 Orphan  734177777413771 1 5 3 2.6 2 1 4
TLA1 ST11 477777777413071 1 2 2 3.4 2 2 4 2 3 6 1 5 1 3 5 6
TL288 ST11 477777777413071 1 7 2 3.4 3 2 3 2 3 6 1 3 1 3 5 4
TL230 STI1 477777777413071 1 5 2 3.4 2 2 3
TL19 ST113 477777776413071 1 5 2 3.4 3 2 3
TL72 STI126  477777774133771 1 5 2 1.8 3 2 4 2 3 6 1 4 1 3 5 6
TL188 STI126  477777774133771 1 5 2 1.8 3 2 4 2 3 5 1 3 1 3 4 6
TL348 ST138  477777774133771 1 6 2 1.8 3 2 4 2 3 6 1 4 1 3 5 3
TL149 STI38  777777777413700 1 5 2 3.4 4 2 4
TL219 ST236  777777777413771 1 4 2 2.6 3 2 4 2 3 6 1 3 1 3 3 6
TL409 ST236  777777777413771 1 4 2 2.6 3 1 4 2 3 6 2 3 1 2 3 6
TL360 ST256  777777777413637 1 6 2 2.6 1 1 4
TL145 ST340  474377777413771 1 5 2 3.4 3 2 5 2 3 6 1 2 1 1 10 6
TL163 ST340  474377777413771 1 5 2 2.6 2 2 4 2 2 6 1 3 1 3 12 5
TL183 ST340  474377777413771 1 4 2 2.6 3 2 4 2 3 6 1 3 1 2 9 6
TL286 ST340  474377777413771 1 5 2 2.6 3 2 4
TL217 ST355 477777777413031 1 5 2 3.4 3 2 3
TL16 ST493 774177777413731 1 5 2 2.6 1 1 3
TL139 ST6 077777777413731 1 5 2 2.6 3 2 4 2 3 8 2 2 1 7 4 5
TL161 ST6 077777777413731 1 5 2 2.6 3 2 3 2 3 8 2 2 1 7 5 5
TL247 ST72 777577777003731 1 6 2 2.6 3 2 3 2 2 4 2 4 1 5 8 4
TL260 ST72 777577777003731 1 6 2 2.6 3 2 4 2 2 7 2 4 1 5 8 4
TL293 ST72 777577777003731 1 6 2 2.6 3 2 4 2 2 7 2 4 1 5 11 4
TL294 ST72 777577777003731 1 6 2 2.6 3 2 4 2 2 7 2 4 1 5 11 4
TL7 ST763 777700777413700 1 5 2 2.6 4 2 4
TL186 ST951 774177777413771 1 5 2 2.6 3 1 4 3 3 6 2 5 1 2 4 6
TL227 ST951 774177777413771 1 5 2 2.6 2 1 4 2 3 6 2 5 1 2 4 3
TL36 ST951 774177777413771 1 5 2 3.4 3 1 3
TL213 Orphan  417777777413071 1 5 2 3.4 3 2 4
TL77 Orphan  474377707413771 1 5 2 2.6 3 2 4
TL23 Orphan  700001777413771 1 5 2 3.4 3 1 4
TL332 Orphan  730177777413631 1 5 2 3.4 2 1 4
TL197 Orphan  773700777413700 1 5 2 2.6 4 2 4
TL20 Orphan  777777777413611 1 6 1 2.6 4 2 2
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TABLE 4. Characteristics of patients infected with Beijing versus
EALI lineage isolates

Patients infected
with EAI

Patients infected
with Beijing

Characteristic . . . . _ Pvalue
lineage isolates lineage isolates
(n =99) (n = 150)
Mean age * SD (yr) 36.0 £ 12.6 37.6 £ 13.2 0.36
No. (%) of patients
Age =45 yr 73 (73.7) 111 (74.0) 0.54
Male sex 64 (64.6) 107 (71.3) 0.17
History of TB contact 47 (48.0)¢ 60 (40.5)" 0.15
History of previous 41 (41.4) 38(25.3) 0.006
treatment for TB
Infected with drug- 44 (44.9)¢ 37 (24.7) 0.01

resistant isolates®

“n = 98.

bp = 148.

¢ The anti-TB drugs tested were streptomycin, isoniazid, rifampin, and etham-
butol.

(OR, 3.2, adjusted for the patients previous history of exposure
to anti-TB drugs).

DISCUSSION

To our knowledge, this is the first comprehensive study de-
scribing the frequency and diversity of M. tuberculosis geno-
types from pulmonary TB patients from Yangon, Myanmar.
Representative sputum samples from TB patients from the
entire city of Yangon were collected over a period of 8 months,
and the M. tuberculosis isolates were characterized genotypi-
cally. Two hundred eighty-nine of 310 isolates (93.2%) could
be classified into seven lineages previously described in the
SpolDB4 database (7). The relative frequencies of M. tubercu-
losis spoligotype lineages in Yangon were quite similar to those
described in countries in Far East Asia (7). The predominant
lineages observed in this study were the EAI and Beijing lin-
eages. Our study identified 56 different previously described
STs that are spreading in Yangon and showed that the single
most prevalent M. tuberculosis ST was ST1 (31.6%), which
belonged to the Beijing lineage. The other highly prevalent
genotypes in Yangon were ST292 (9.0%) and ST89 (3.5%),
which are members of the EAI6-BGD1 and EAI2-NTB sub-
lineages, respectively (Table 1). Five isolates of the ST26 ge-
notype (CAS1-DELHI sublineage) were also found in Yangon.

J. CLIN. MICROBIOL.

Additionally, this study identified 54 previously undescribed
spoligotype patterns.

Some studies have indicated that there is a strong phylogeo-
graphical clustering of the M. tuberculosis bacillus population
(7,11, 16, 19, 28). The ST1 M. tuberculosis strains are prevalent
in Far East Asia (China), Southeast Asia (Vietnam, Thailand),
the Middle East-Central Asia, and Oceania (7). Isolates of the
EAI lineage are reported to be prevalent in Southeast Asia,
India, and East Africa (11, 16, 19, 28). Isolates belonging to
EAI6-BGD and EAI2-NTB sublineages are phylogeographi-
cally specific for Bangladesh and Thailand, respectively (7).
Isolates of the CAS1-DELHI sublineage, however, are mainly
found in the Indian subcontinent (13, 28, 29). Myanmar has
borders with China, India, Bangladesh, and Thailand. In addi-
tion, the top four countries of origin of foreigners living in
Myanmar are China, India, Pakistan, and Bangladesh (22).
Thus, it is not surprising to find phylogeographically specific
isolates from China, Bangladesh, India, and Thailand in
Myanmar.

Some studies (6, 13) have reported that the M. tuberculosis-
specific deletion 1 (TbD1) can consistently be found in the
Beijing lineage strains, which are considered to have evolved
more recently than other, more ancient M. tuberculosis strains
(6). Many M. tuberculosis strains from Bangladesh and India
have a conserved TbD1 region and thus may be regarded as
ancient (3, 13, 27). In a previous study, we have detected the
TbD1 deletion in isolates of the ST1, ST26, ST42, ST53, and
ST126 genotypes from Yangon, whereas all other non-Beijing
lineage isolates, including ST89 and ST292, from Yangon had
this region intact (30). In our study, IS6770 RFLP showed that
88 of 99 Beijing lineage isolates were assigned to five groups on
the basis of 75% similarity, and the IS6770 RFLP patterns of
11 isolates were identical. Two sets of clustered isolates from
the Beijing lineage had the same drug susceptibility pattern as
well. Furthermore, three different Beijing clusters could not be
differentiated by the MIRU-VNTR analysis method (Table 3).
These findings suggest that the clonal expansion of the Beijing
lineage strains may be associated with recent transmission in
the community. Similarly, relatively high proportions of iso-
lates belonging to ST292 (61%) and ST89 (100%) could be
assigned to groups on the basis of a 75% similarity of their
1S6110 RFLP patterns (Fig. 3). More than 70% of the patients
infected with the Beijing and EAI lineage isolates were under
the age of 45 years (Table 4), supporting the theory that the
isolates from this study belong to an endemic strain pool (3, 9).

TABLE 5. Drug resistance among isolates of the Beijing and EAI lineages

No. (%) of isolates

Resistant pattern Beijing lineage EAI lineages Crude OR (95% CI) Adjusted OR* (95% CI) P value
(n = 98) (n = 150)
Monoresistance to any one 8(8.2) 19 (12.7) 0.61(0.26-1.46) 1.88(0.83-4.23) 0.13
anti-TB drug?
Resistance to any two anti- 14 (14.3) 13 (8.7) 1.76(0.79-3.92) 0.59(0.23-1.53) 0.28
TB drugs®
MDR TB* 21 (21.4) 2(1.3) 20.18(4.61-88.33) 3.20(1.34-7.67) 0.009

“ Adjusted for the patient’s history of exposure to anti-TB drugs.

> The anti-TB drugs tested were streptomycin, isoniazid, rifampin, and ethambutol.
¢ Strains resistant to any two anti-TB drugs except a combination of isoniazid and rifampin.

9 Strains resistant to at least isoniazid and rifampin.
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Collectively, one can assume that TB in Yangon is shaped by
the clonal expansion of both modern and ancient M. tubercu-
losis strains.

Our study showed that a significantly higher number (P =
0.009) of MDR isolates belonged to the Beijing genotype (n =
21) than to the EAI genotype (n = 2) (Table 5). Of 58 new TB
patients infected with Beijing lineage isolates, 24 (42.4%) were
infected with drug-resistant isolates, and 8 of these were MDR.
Thus, there are a large number of drug-resistant Beijing lin-
eage isolates circulating in Yangon.

A high proportion of M. tuberculosis isolates in southern
India and Bangladesh have small numbers of or no 1S6110
copies (26). Our study also showed a large number of EAI
lineage isolates (n = 40, 12.9%) with one copy of IS6110. Thus,
the use of a combination of the spoligotyping and MIRU-
VNTR analysis methods for studying the molecular epidemi-
ology of TB may provide a better means of fingerprinting, at
least in Yangon, than a combination of the spoligotyping and
IS6110 RFLP methods.

Our study is the first to show the frequency of M. tuberculosis
genotypes in Yangon, Myanmar. The majority of the isolates
belonged to the Beijing and EIA lineages and may reflect the
M. tuberculosis populations introduced during past migrations
from neighboring countries. In addition, in Yangon, Beijing
lineage isolates were more likely than EAI lineage isolates to
be MDR.
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