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ABSTRACT

Myanmar is one of both 30 high TB and MDR-TB burden countries worldwide.
While most studies have expressed distribution of Mycobacterium
tuberculosis genotypes in Lower Myanmar, there has been little research
in genetic diversity of M. tuberculosis in Northern region. The objective of
this study was to determine the genotypic distribution of drug resistant M.
tuberculosis strains isolated from Northern region of Myanmar. Sixty-five
isolates were randomly collected from TB Reference Laboratory of Northern
region of Myanmar between August 2016 and December 2017. All isolates
were genotyped by using 24-locus Mycobacterial Interspersed repetitive
unit-variable number tandem repeat (MIRU-VNTR) typing. The results
showed MIRU-VNTR typing classified 64 different patterns: 63 isolates had
unique MIRU-VNTR profile and 2 isolates were grouped into one cluster.
We found that the most prominent strains were Beijing lineages (n = 58,
89.23%) and the other included EAI (n = 2, 3.08%), Delhi/CAS (n =1, 1.54%),
and Unknown strains (n = 4, 6.15%). The overall discriminatory power of all
strains showed 0.9995. The allelic diversity of each locus was predictable
by HGDI index. Mtub21, Qub2163b, MIRU 26, QUB26 showed HGDI > 0.6 that
were recognized as highly discriminatory power. In conclusion, 24-locus
MIRU-VNTR offered high discriminatory power within tested isolates. Our
findings showed Beijing genotypes were dominant in Northern region of
Myanmar. The analysis of 24-locus MIRU-VNTR typing might be useful for
broader understanding of TB outbreaks and epidemiology in this region.
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Introduction

Tuberculosis (TB) is a serious killer among
the infectious diseases caused by Mycobacterium
tuberculosis complex (MTB). Tuberculosis persists
a major public health crisis all over the world™.
Globally, 1.4 million people were predicted to
lose their live with TB in 2015 and a 0.4 million
of people living with HIV (PLHIV) died with TB.
Additionally, the estimated 10.4 million was TB
occurrence cases in 2015 worldwide®. In 2016,
World Health Organization (WHO) reported that
most anticipated TB incident cases were found
within South East Asia region (45%), Africa (25%),
Western Pacific (17%), Eastern Mediterranean (7%),
Europe (3%), and the Americas (3%) respectively.
Moreover, the top five countries including India,
Indonesia, China, the Philippines and Pakistan
which accounted for 56% of estimated cases®.
Myanmar is one of both 30 high TB and MDR-TB
burden countries®. It stood the fourth position
with the higher prevalence rate, 525 cases per
100,000 populations compared with the global
average of 178 cases per 100,000 populations in
2010. An anticipated 180,000 new cases occurred
each year followed by 9,000 MDR-TB cases and
20,000 cases by TB co-infected HIV®. Myanmar
is currently facing with the double burden of
communicable diseases and non-communicable
diseases. Diet style, less physical activity, tobacco
usage and overdrinking alcohol are direct and
indirect risk factors of TB and other health
problems. Depletion of nutritional status such as
protein energy malnutrition and micronutrient
deficiencies are also the major causes of
Tuberculosis in Myanmar. In recent years, Myanmar
had increased the number of MTB strains which
are resistant to drugs and co-infected with HIV®,

The molecular epidemiology study of MTB
is useful not only to examine the dispersion of
tubercle bacilli in outbreaks but also to analyze
the transmission of tuberculosis and to establish
the risked aspects of tuberculosis among the
community®. Spontaneously, there are several
molecular typing methods now. The best
approach to molecular method is whole genotype
sequencing; however, WGS analysis is time
consuming, costly and can examine only parts of
the genome®.

Other new developed molecular techniques
for M. tuberculosis genetic classification are
restriction fragment length polymorphism
(RFLP)-1S6110, polymorphic GC-rich sequence
(PGRS), pulsed field gel electrophoresis (PFGE),
Spoligotyping (spacer oligo-nucleotide typing),
ligation mediated (PCR), Mycobacterial
interspersed repetitive unit (MIRU-VNTR) typing,
amplification and sequencing of single nucleotide
polymorphism (SNP) respectively®. MIRU-VNTR
typing is currently used as standardized method
and it is less laborious, has short time process,
and the discriminatory power is similar in
comparison with IS6110-RFLP typing, particularly
if fully 24 loci are used®. The MIRU typing is based
on variation in copy number of tandem repeat
(VNTR) loci and it simply needs basic PCR and
electrophoresis equipment. After introducing the
standard sets of 12 loci and 15 loci MIRU-VNTR
typing panels, 24 loci MIRU-VNTR typing is
currently the best approach to discriminate
strongly related strains‘'%. Furthermore, it needs
lower amount of DNA. Several reports were proved
that 24-locus MIRU-VNTR typing is suitable for
transmission of population-based studies".

In our study, MTB isolates were collected
randomly from Northern region of Myanmar, TB
reference Laboratory, Mandalay Region. These
isolates were examined by 24-locus MIRU-VNTR
typing to determine genetic diversity, to evaluate
the discriminatory power of this method and to
reveal transmission of some strains.

Materials and methods

Clinical isolates

A total of 65 drug resistant strain M.
tuberculosis isolates were collected randomly
from Northern region of Myanmar, TB reference
laboratory between August 2016 and December 2017.
All isolates were culture positive on Lowenstein
Jensen medium and identified as MTB by using
Capilia TB rapid test (MPB 64) and Niacin test
(Biochemical test). Chromosomal DNA was
extracted by using CTAB method for amplifying
real time PCR(?), This study protocol was approved
by the Ethics Review Committee of the
Department of Medical Research, Yangon,
Myanmar (Ethics/DMR/2017/122) and the Khon
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Kaen University Ethics Committee in Human
Research, Khon Kaen, Thailand (Ethics number
HE602220).

Drug susceptibility testing

Standard agar proportion method was
used for susceptibility testing of first line anti-TB
drugs performed on Lowenstein Jensen medium
with the standard concentrations including
ethambutol (ETB) 2.0 pg/ml, isoniazid (INH)
0.20 pg/ml, rifampicin (RIF) 40 pg/ml, and
streptomycin (SM) 0.4 pg/ml%. Genotype
MTBDRplus line-probe assay kit (Hain Lifescience,
Nehren, Germany) was used for observation of
resistant mutations for INH and RIF.

MIRU-VNTR genotyping

The 24-locus MIRU-VNTR typing was
performed by PCR with specific primers including
24 loci that were described in Supply et al™,
PCR premixes were prepared as following; one
pl of DNA was added to a PCR master mix 49 pl
(to the final volume of 50 pl). PCR master mixes
49 pl include 0.25 pl of Tag DNA polymerase
(5 unit) (Invitrogen, USA), 8 pl of 1.25 mM dNTP
(Sib enzyme), 5 pl of 10X PCR buffer, 5 pl of 10 uM
each primer, and 1.5 pl of 50 mM MgCL,. PCR was
subjected to 40 cycles of conditions. The DNA of
MTB genome H37RV was used as positive control
and distilled water was used as negative control.
PCR products were analyzed by electrophoresis
on 1.5% agarose gels using 100 bp DNA ladder as
standard size markers.

MIRU-VNTR analysis

Amplicon size was determined by Total Lab
TL100 software, and obtained size was compared
by applying online apparatus at (http://www.
MIRU-VNTRplus.org) containing the allele for each
locus by Supply et al. 2006. The number of alleles
was filled into the indicated form according to the
website instructor. The dendrogram was obtained
using the UPGMA algorithm analysis.

36

Statistical analysis

The discriminatory power (the Hunter-
Gaston discriminatory index [HGDI]) of each typing
method was calculated according to a previously
published method"®;

HGDI - 1-[ LSS xj(xj - 1)}

N(N-1) <]

Where D is the discriminatory power, N is
the total number of isolates in the typing method,
s is the number of distinct patterns discriminated
by VNTR, and j is the number of isolates belonging
to the jth pattern. The number of cluster strains in
patients was used to calculate a rate of transmission,
rather than progression to disease following
infection in the past. Rate of transmission was
calculated as follows!'®; (number of clustered
strains-number of clusters)/ Total number of
isolates x100. The percentage of clustering rate
was calculated with following formula"; (c - ¢)/N
x100, Where, N is the total number of cases in the
sample, c is the number of clusters and nc is the
total number of clustered cases.

Results

24-locus MIRU-VNTR

Among 65 isolates 24-locus MIRU-VNTR
typing identified 64 different patterns. Four
lineages were distributed containing Beijing
(n = 58, 89.23%) and the other included EAI
(n = 2, 3.08%), Delhi/CAS (n = 1, 1.54%), and
Unknown strains (n = 4, 6.15%) (Table 1).
Sixty-three isolates (96.92%) were unique (i.e.,
detected for only one strain) and only 2 isolates
could be grouped into one cluster (Figure 1).
The transmission rate was also evaluated by the
formula as mentioned above in data analysis which
showed 1.5% in this study.
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Table 1 MIRU-VNTR fingerprinting patterns for 65 drug resistance Mycobacterium tuberculosis strains

I I
£ & s &
"MIRU-VNTR pattern g g “MIRU-VNTR pattern g, g
£ = £ =
2442423 52534225153353723 1 °BJ 244233322 344425173352823 1 BJ
2442333 52544425173353813 1 BJ 243233552 844425153341923 1 BJ
2442343 52644425173353823 1 BJ 244133332 644425173351623 1 BJ
2432363 52344225173352723 1 BJ 244333452 644425173333823 1 BJ
2242333 52644425173353823 1 BJ 243234252 344426173333943 1 BJ
2422343 42244226153353623 1 ‘DelhiiCAS 244234482 654445173363723 1 BJ
2442343 52644225173333223 1 BJ 244233352 654235173353313 1 BJ
2432333 82644245173353813 1 BJ 212133382 673235123355523 1 UK
2442333 52654445173353343 1 BJ 244133332 654325153353723 1 BJ
2442323 32634225173353813 1 BJ 244232452 644325153353713 1 BJ
2242332 22654225153333523 1 YUK 244323352 684235123353623 1 UK
2442333 42654221153333913 1 BJ 244233342 344425173253713 1 BJ
2442334 52844425153343923 1 BJ 224133342 544425172353613 1 BJ
2432343 52334225153353723 1 BJ 244233342 644425173353823 1 BJ
2432343 52644426163353933 1 BJ 224223342 644425123353723 1 BJ
2142233 52644425153253923 1 BJ 224323262 444235222343623 1 UK
2462333 42644425173253713 1 BJ 244233252 444425153353823 1 BJ
2442333 52844425153352733 1 BJ 244234252 644425173353823 1 BJ
2243343 72363426123334613 1 EAl 224234242 644425173353823 1 BJ
2443244102693226123344613 1 EAl 224223332 644426152343922 1 BJ
2442334 52744445173263813 1 BJ 243223542 644425173343723 1 BJ
2441333 32544425173353613 1 BJ 224223352 644425183353623 1 BJ
2442323 52524425173343623 1 BJ 244224332 644425172343742 1 BJ
2442462 52244225173342823 1 BJ 244234252 623425153353723 1 BJ
2442533 72634425153352823 1 BJ 244233332 444425153353842 1 BJ
2442322 52344425173352823 1 BJ 224233242 543435153253713 1 BJ
2442332 52644425153352823 1 BJ 224233232 644435273353733 1 BJ
2442323 52644525173353623 2 BJ 2242352321044435273353723 1 BJ
2442323 52544525153353723 1 BJ 224233252 443435153353723 1 BJ
2442335 52644425153331833 1 BJ 224133342 444425173353623 1 BJ
2442343 62644426173354723 1 BJ 244233362 644425153343723 1 BJ
2441333 52643424173353923 1 BJ
2242333 22344425173352923 1 BJ Total 64

Note: *®MIRU pattern: MIRU 02, Mtub04, ETRC, MIRU 04, MIRU 40, MIRU 10, MIRU 16, Mtub21, MIRU 20,
QUB2163b, ETRA, Mtub29, Mtub30, ETRB, MIRU 23, MIRU 24, QUB26, MIRU 27, Mtub34, MIRU 31,
Mtub39, QUB26, QUB4156, MIRU 39. "Beijing strain. ¢ Delhi-Central Asian strain. Unknown strain.
eEast African Indian strain.
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UPGMA-Tree, MIRU-VNTR [24]: Categorical (1), Spoligo: Categorical (1), RD: Categorical (1), SNP: Categorical (1)
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Magway 8 Beiing  M.tuberculosis 732 244242362534225163353723
Mandalay 16 Beiing M tuberculosis %32 244232352544625153363723
Chin_81 Beiing  M.tuberculosis 732 2442324526443251533563713
NayPyi Taw_67__ Beijing M tuberculosis %32 244234352644225173333223
Magway 14 Beiing M .tuberculosis 32 244232352644525173353623
Magway 15 Beiing  M.tuberculosis 32 244232352644525173353623
ET: g (LG T 2123233237121 73313 ¢8 23
Mandalay 34 Beiing M tuberculosis %32 24323635234422517335652723
Mandalay 113 Beling  Mtuberculosis 732 249234352934226163363723
Mandalay 2 Beiing  M.tuberculosis 7182 243233382644245173353813
Mandalay 72 Beiing  M.tuberculosis %32 244232332634225173353813
Shan-65 Beiing  M.tuberculosls %182 2442333526544456173363343
Shan_71 Beiing  M.tuberculosis 7135 244233352654235173353313
Mandalay 20 Beiing M tuberculosis %32 2442333525644425173363813
Kachin_1 Beling  M.tuberculosis 732 24141353 30352554 il 255103030813 80 103
Kachin_37 Beiing M tuberculosis %32 244133332644425173351823
Kayar_88 Beiing  M.tuberculosis 7229 2241333425444286172363613
Magway 130 Beling M tuberculosls 732 224133342444425173353623
Nay PyiTaw_135 Beijing M tuberculosis 725 2462333426444256173253713
Sagaing_85 Beiing  M.tuberculosis %25 24423334293444251732583713
shan_30 Beling  M.tuberculosls -2 2041413338528 43424173383823
Mandalay 23 Beiing  M.tuberculosis 0391-32 244234352644425173353823
Mandalay 102 Beiing  M.tuberculosis %32 244234252644425173353823
Mandalay 35  Beling  M.tuberculosls 3729-32 2242333520644425173383823
Magway_92 Beiing  M.tuberculosis 3568-32 244233342644425173353823
Magway 103 Beiing M. tuberculosis %32 229482 K3k RA 216 EA 4 o0 sk ETa3Ra s kallel 253
sagaing_11 Befing  M.tuberculosls %32 CHCRCRE IR I T e TR T T S TR AR X B e T e 3
Sagaing_13 Beijng  M.tuberculosis %32 24423325626444251633528623
Sagaing 100  Beiing  M.tuberculosis 732 244233252444425153353823
Shan_54 Beling  M.tuberculosls %32 244333452644425173333823
Magway 31 Beiing  M.tuberculosis %32 2242333223444251733652823
Mandalay 32 Beiing  M.tuberculosis %32 244233322344426173362823
Sagaing_9 Beling  M.tuberculosls %32 204idiatsEsRa TN SR AN 2R s (WE 3T a0 N0k 2k
Madalay_24 Beiing  M.tuberculosis %175 244234362644426173354723
Shan_124 Beiing  M.tuberculosis %25 214223352644425153253923
Kachin_94 Beling  M.tuberculosls %32 224223342644425123353723
Mandalay 106 Beiing  Mtuberculosis 732 2242233526444251833523623
Mandalay 121  Being M tuberculosis %15 244233332444425153353842
Nay PyiTaw_97 Belling  M.tuberculosis 732 244233452844425153343923
Sagaing_36 Beiing  M.tuberculosis 32 2432336628444251563341923
Nay PyiTaw_131 Beiing  M.tuberculosis 732 244233362644425153343723
Shan_22 Beiing  M.tuberculosis %32 244233352844425153352733
Sagaing_19 Beijng  M.tuberculosis 732 24423365526444256153331833
Mandalay 105  Beiing M. tuberculosis 732 243223542644425173343723
Mandalay 77 Unknown M. tuberculosis %32 224233222654225153333523
Mandalay 78 Beiing M. tuberculosis 7370 244233342654221153333913
Chin_80 Beiing  M.tuberculosis %32 2441333326543256153353723
Shan_64 Beiing  M.tuberculosis -2 244233452744445173263813
Kachin_63 Beiling  M.tuberculosis 7182 244234482654445173363723
Mandalay 41 Delhi/CAS M. tuberculosis 7175 242234342244226153353623
Mandalay 114 Beiing M tuberculosis 175 243234352644426163353933
Mandalay 58 Beiling M tuberculosis %175 243234252344426173333943
Mandalay 117 Beiing  M.tuberculosis 734 244234252623425153353723
Magway_125)  Beiing M tuberculosis %? 2124 2301312541205 4" 304 315 115°3.2°5130 7713
Magway 129 Beiing M tuberculosis 7911 22423325244343615633537123
Mandalay 127  Beijng  Mtuberculosis 7351 224233232644435273353733
Mandalay 128 Beiing M tuberculosis %351 2242352321044435273363723
Mandalay_7 Beiing M. tuberculosis 732 244246252244225173342823
Sagaing_104  Being M tuberculosis 7232 2242233326444261562343922
Shan_108 Beiing  M.tuberculosls 85 244224332644425172343742
Mandalay 84 Unknown M tuberculosis 7135 244323352684235123353623

Unknown M tuberculosis % 224323262444235222343623
(snan_79) Unknown  M.tuberculosis 911 P U P T R R W T 2 o B T T T B e B L I 0 1
Mandalay 55 EAl M tuberculosis 71147 224334372963426123334813
NayPyi Taw_56  EAl M tuberculosis 71147 2443244102693226123344613

Figure 1 UPGMA tree show genetic relationship of all 65 drug resistant MTB strains including VNTR
copy numbers and strain information. Large box indicated cluster isolates (MDR). Orange bars
belong to Beijing lineages, Yellow (Delhi/CAS), Green (EAl), and Purple (Unknown).

Allelic profiles and discrimination

Allelic profiles and HGDI of 24-locus
MIRU-VNTR for all MTB isolates in Northern region
of Myanmar were summarized in Table 2. Allelic
diversity was classified as highly discriminant
(HGDI = 0.6), moderately discriminant (0.3 < HDGI
< 0.6), and poorly discriminant (HGDI < 0.3)(®,
Mtub21, Qub2163b, MIRU 26, and QUB26
exceeded 0.6 that these were recognized as highly
discriminatory power. Whereas 11 loci (Mtub04,
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MIRU 04, MIRU 40, MIRU 10, MIRU 16, ETRA,
Mtub30, ETRB, MIRU 31, Mtub39, and Qub4156)
were found moderately discriminative, the
remaining 9 loci (MIRU 02, ETRC, MIRU 20, Mtub29,
MIRU 23, MIRU 24, MIRU 27, Mtub34, MIRU 39)
were found to be poorly discriminative. HGDI and
cluster results based on the different set of
MIRU-VNTR loci analysis of 65 MTB isolates
from Northern region of Myanmar were shown in
Table 3.
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Table 2 Allelic diversity of 24 mycobacterial interspersed repetitive units (MIRUs) loci from 65 drug

resistant tuberculosis strains

Allele number

MIRU- Allelic Conclusion
VNTR locus 4 2 3 4 5 6 7 8 9 10 11 12 diversity
MIRU 02 65 0.0 Poorly discriminant*®
Mtub04 2 15 48 0.39 Moderately discriminant
ETRC 2 7 55 1 0.26 Poorly discriminant
MIRU 04 7 53 5 0.31 Moderately discriminant
MIRU 40 9 53 2 1 0.3 Moderately discriminant
MIRU 10 8 41 13 1 2 0.55 Moderately discriminant
MIRU 16 14 42 6 3 0.52 Moderately discriminant
Mtub21 3 9 11 33 3 2 3 1 0.68 Highly discriminant
MIRU 20 65 0.0 Poorly discriminant
QUB2163b 2 8 5 7 38 1 3 1 0.62 Highly discriminant
ETRA 2 4 49 6 1 1 1 1 0.41 Moderately discriminant
Mtub29 7 58 0.18 Poorly discriminant
Mtub30 15 2 45 3 0.46 Moderately discriminant
ETRB 53 8 4 0.31 Moderately discriminant
MIRU 23 1 1 56 7 0.23 Poorly discriminant
MIRU 24 62 3 0.07 Poorly discriminant
MIRU 26 6 22 1 35 1 0.58 Highly discriminant
MIRU 27 4 61 0.1 Poorly discriminant
Mtub34 5 60 0.13 Poorly discriminant
MIRU 31 7 10 46 2 0.45 Moderately discriminant
Mtub39 3 8 50 3 1 0.38 Moderately discriminant
QUB26 1 2 2 13 20 18 9 0.76 Highly discriminant
QUB4156 14 43 4 4 0.5 Moderately discriminant
MIRU 39 3 62 0.07 Poorly discriminant

Note: “Allelic diversity was classified as highly discriminant (HGDI > 0.6), moderately discriminant (HGDI 0.3 < HDGI < 0.6),

and poorly discriminant (HGDI < 0.03).
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Table 3 Hunter Gaston Discriminatory Index (HGDI) and cluster results based on different typing analysis
of 65 drug resistant tuberculosis strains from Northern region of Myanmar

. No. of Total no. Maximum no.
Typing Total No. . Total no. . . .
unique of isolates in clusters  of isolates HGDI
methods of patterns of clusters N .
types (Cluster rate %) in a cluster
12 loci 60 (N=65) 43 5 22 (33.8) 10 0.972
MIRU-VNTR
15 loci 64 (N=65) 63 1 2 (1.5) 2 0.9995
MIRU-VNTR
24 loci 64 (N=65) 63 1 2 (1.5) 2 0.9995
MIRU-VNTR

Drug resistance

Among all of 65 isolates, 31.4% (44/65
isolates) were accounted for resistant to both
isoniazid and rifampicin and therefore, were
known as MDR. 17 (26.15%) and 4 (6.15%) isolates
were resisted to only isoniazid and rifampicin,
respectively. Out of 44 MDR, 41 isolates were
Beijing lineage, while only 3 were non-Beijing
isolates (unknown strains). The MDR isolates were
not found in EAl and Delhi/CAS lineage.

Discussion

24-locus MIRU-VNTR genotyping has
developed a current standardized method and
is presently useful for epidemiological study of
M. tuberculosis thorough the world. Total 65
isolates from Northern region of Myanmar between
August 2016 and December 2017 were randomly
collected. Sixty-one of 65 isolates (93.85%)
could be classified into three lineages and the
predominant genotype was Beijing (89.23%)
which is highly prominent in Asian countries®@%2"),
Remaining lineages distributed EAI (3.08%), Delhi/
CAS (1.54%), and Unknown (6.15%). In contrast
to a previous study, EAl lineage was the first
predominance in Lower Myanmar, Yangon and the
second was Beijing lineage®??. The predominance
of Beijing strains may be due to the human
interaction with foreign countries such as China,
India and Bangladesh.

The Beijing genotype is the most prominent
genotype in Asia (Far East Asia, Middle East and
Central Asia), Oceania and it is also emergent in
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other parts of the world?. The infection process
of this lineage found to be related with immune
response and it can control the macrophage-
derived cytokines that was an important role
in directing the immune response to a non-
protective Th2 phenotype®. The relationship of
Beijing genotype and drug resistance may have
a certain tendency for acquiring drug resistance
that were widely distributed (but not universal)®,
In Myanmar, other previous studies described that
the Beijing genotypes in MDR and XDR populations
are highly prevalent??), Among Beijing isolates,
41 (70.69%) were infected with MDR, in which
two strains were grouped into one cluster. Hence,
Beijing strains in Northern region of Myanmar were
highly correlated with Multi-drug resistance when
compared with previous study in Yangon showed
only 21.4%?2),

Allelic diversity of 24-locus MIRU-VNTR
typing was analyzed by Hunter-Gatson Discrimi-
natory Index. In the present study, alleles Mtub
21, Qub 2163b, MIRU 26 and Qub 26 found highly
discriminatory power (HGDI > 0.6). Some studies
in China and India have expressed that those loci
found highly discriminatory power@2), A recent
study in Myanmar has shown that Mtub21 found
moderately discriminant (0.3 < HDGI < 0.6)¢%,
On the other hand, the poorest discriminatory
power was found in alleles MIRU 02, ETRC, MIRU
20, Mtub 29, MIRU 23, MIRU 24, MIRU 27, Mtub 34
and MIRU 39 (HGDI<0.3). The remaining alleles
Mtub 04, MIRU 04, MIRU 40, MIRU 10, MIRU 16,
ETRA, Mtub 30, ETRB, MIRU 31, Mtub 39 and Qub
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4156 showed moderately discriminant (HDGI >
0.6). A previous study in Iran has found that MIRU
10 had high HDGI. However, it showed moderate
discriminatory power in our study. HGDI of MIRU 20
and MIRU 02 were similar with the previous study
of Iran®". The overall HGDI of total isolates in our
study was 0.9995 that is similar to the previous
studies(1®29,

In cluster analysis for all tested isolates, 64
different patterns were identified. One cluster of
the obtained isolates shared MIRU patterns with
two isolates, and 63 isolates (96.92 %) had unique
patterns. Clustering rate of 65 isolates using 24
locus MIRU-VNTR typing showed only 3.1% be-
longed to Beijing strains. In previous study, the
clustering rate of Beijing strains was nearly 80%
compared with non-Beijing family that implies a
high transmission rate®?. Higher percentage of
clustering rate indicates the possibility of related
strains that are likely to spread other geographical
areas. In our study, all resistant MTB isolates were
genetically diverse and only one cluster was found.
One cluster including two MDR strains (Beijing
genotype) seemed to be acquired transmission of
drug resistance strain. While tuberculosis is highly
prevalent in Myanmar, the recent transmission
rate in this study was 1.5%, which was lower than
that described in some developed countries. For
instance, one study in London stated that the
recent transmission rate was 34%%3. Another study
in United States described that the proportion
of TB cases attributable to recent transmission
was 15%34, In China, the recent TB transmission
rate was 13.34%G%. The percentage of recent
transmission was relatively low in our study,
and this may indicate the higher possibility of
recurrence in this study area.

Conclusion

This report describing the 24-locus
MIRU-VNTR patterns and genetic diversity of
M. tuberculosis genotypes from Northern region
of Myanmar. Our findings revealed a diversity of
strains and mode of transmission of some strains
which can provide broader understanding of TB
outbreaks and epidemiology. MIRU-VNTR typing
is a useful tool to discriminate genetic diversity

of MTB isolates in this area. Both 15 and 24-locus
MIRU-VNTR typing show similar discriminatory
power (HGDI 0.9995). The MIRU-VNTR locus that
showed high discriminatory power (Mtub21,
Qub2163b, MIRU 26, QUB 26 (h=0.6)) can be
applied as the first line locus for future studies.
Beijing lineages isolates found to be MDR when
compared with other lineage isolates. The lower
clustering rate in our study indicates that
acquired transmission occurred in this study
period. Genotypic pattern proposes that the lower
transmission rate may be due to higher possibility
of reactivation cases in Northern region of
Myanmar. Therefore, the information obtained
from this study can be applied for future TB
control studies.

Take home messages

The genotypic distribution of MDR-TB in
Northern region of Myanmar was determined
by 24-locus Mycobacterial Interspersed
repetitive unit-variable number tandem
repeat (MIRU-VNTR) typing. The most
prominent strains were Beijing lineages
and the other included EAI, Delhi/CAS, and
Unknown strains. 24-locus MIRU-VNTR offered
high discriminatory power (HGDI>0.6) within
tested isolates.

Conflicts of interest
The authors declare no conflict of interest.

Acknowledgements

The authors would be appreciating to
Khon Kaen University Research Grant (project
number 590038) and Centre for Research and
Development of Medical Diagnostic Laboratories,
Khon Kaen University. We thank the KKU
Scholarship for ASEAN and GMS Countries’ Personnel
of Academic Year 2016, Khon Kaen University for
providing a scholarship for Waing Waing Moe Sann.
We are grateful to Kulrattana Rueangsak for her
technical assistance.

41



Moe Sann et al.

Arch AHS 2021; 33(1): 34-43.

References

1.

10.

11.

12.

42

Smith I. Mycobacterium tuberculosis
pathogenesis and molecular determinants
of virulence. Clin Microbiol Rev 2003; 16:
463-96.

World Health Organization. Global tuberculosis
report 2016. WHO /HTM /TB /2016. Geneva,
Swiftzerland: WHO, 2016.

World Health Organization. Global Tuberculsis
Report 2017. WHO /HTM /TB /2017. Geneva,
Swiftzerland: WHO, 2017.

Tuberculosis in Myanmar Progress, Plans and
Challenges. 2015.

World Health Organization. Global Tuberculosis
Report 2014. WHO /HTM /TB /2014. Geneva,
Swiftzerland: WHO, 2014.

Narayanan S. Molecular epidemiology of
tuberculosis. Indian J Med Res 2004; 120:
233-47.

Mostroin P, Cordon M, Sola C, Ridele M,
Rastogp N. Methods used in the molecular
epidemiology of tuberculosis. Clin Microbiol
Infect 2002; 8: 694-704.

Rozo-anaya JC. Molecular tools for Mycobac-
terium tuberculosis genotyping. Revisita De
Salud Publica 2010; 12: 510-21.

Maes M, Kremer K, Van Soolingen D, Takiff H,
Waard JH. 24-Locus MIRU-VNTR genotyping is
a useful tool to study the molecular
epidemiology of tuberculosis among Warao
Amerindians in Venezuela. Tuberculosis 2008;
88: 490-4.

Supply P. Proposal for Standardization of
Optimized Mycobacterial Interspersed
Repetitive Unit - Variable-Number Tandem
Repeat Typing of Mycobacterium tuberculosi. J
Clin Microbiol 2006; 44: 4498-510.

Dong H. Genetic diversity of Mycobacterium
tuberculosis isolates from Tibetans in Tibet,
China. PLoS One 2012; 7: 1-7.

Amaro A, Duarte E, Amado A, Ferronha H,
Botelho A. Comparison of three DNA extraction
methods for Mycobacterium bovis, Myco-
bacterium tuberculosis and Mycobacterium
avium subsp. avium. Soc Appl Microbiol 2008;
47: 8-11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Stinson KW, Eisenach K, Kayes S, Matsumoto M,
Siddiqgi S, Nakashima S. Mycobacteriology
Laboratory Manual. 5th ed. CDC; 2014.
Supply P. Multilocus Variable Number Tandem
Repeat Genotyping of Mycobacterium
tuberculosis technical guide. Lille, France:
National Institute of Health and Medical
Research Unit 629 Institute ofBiology /Pasteur
Institute of Lille, 2005.

Hunter P. Reproducibility and indices of
discriminatory power of microbial typing
methods. J Clin Microbiol 1990; 28: 1903-5.
Shemko M, Yates M, Fang Z, Gibson A, Shetty N.
Molecular epidemiology of Mycobacterium
tuberculosis in patients of Somalian and white
ethnic origin attending an inner London clinic.
Int J Tuberc Lung Dis 2004; 8: 186-93.
Augusto CJ. Comparative study of RFLP-1S6110
and MIRU-VNTR from Mycobacterium
tuberculosis isolated in the state of Minas
Gerais, Brazil. Brazilian J Microbiol 2018; 334:
6-11.

Sola C. Genotyping of the Mycobacterium
tuberculosis complex using MIRUs: Association
with VNTR and spoligotyping for molecular
epidemiology and evolutionary genetics.
Infect Genet Evol 2003; 3: 125-33.

Pan X. A quantitative and efficient approach
to select MIRU -VNTR loci based on accumu-
lation of the percentage differences of strains
for discriminating divergent Mycobacterium
tuberculosis sublineages. Emerginh Microbes
Infect 2017; 1-8.

Liu Y. Genotypic diversity analysis of
Mycobacterium tuberculosis strains collected
from Beijing in 2009, using spoligotyping and
VNTR typing. PLoS One 2014; 9(9): e106787.
Van SD. Predominnance of a single genotype
of Mycobacterium tuberculosis in countries of
East Asia. J Clin Microbiol 1995; 33: 3234-8.
Phyu S. Predominance of Mycobacterium
tuberculosis EAl and Beijing Lineages in
Yangon, Myanmar J Clin Microbiol 2009; 47:
335-44.



Arch AHS 2021; 33(1): 34-43.

Genotype of drug resistant TB in Northern Myanmar

23.

24.

25.

26.

27.

28.

29.

Brudey K. Mycobacterium tuberculosis com
plex genetic diversity: Mining the fourth
international spoligotyping database (SpolDB4)
for classification, population genetics and
epidemiology. BMC Microbiol 2006; 6: 1-17.
Manca C. Differential Monocyte Activation
Underlies Strain-Specific Mycobacterium
tuberculosis pathogenesis differential
monocyte activation underlies strain-specific
mycobacterium tuberculosis pathogenesis.
Infect Immun 2004; 72: 5511-4.

Glynn JR,Whiteley J, Bifani PJ,Kremer K,Van
Soolingen, D. Worldwide occurrence of
Beijing/W strains of Mycobacterium
tuberculosis: A systematic review. Emerg
Infect Dis 2002; 8: 843-9.

Tun T. Genotypic diversity of Mycobacterium
tuberculosis strains in Myanmar. Infect
Dis(Auckl) 2017; 49: 237-9.

Ei PW, Aung WW, Nyunt WW, Swe TL, Htwe MM,
Win SM, et al. Extensively drug- resistant
tuberculosis in Myanmar : burden and
mutations causing second-line drug
resistance. Int J Tuberc lung Dis 2018; 22:
47-53.

Devi KR. Genetic diversity of Mycobacterium
tuberculosis isolates from Assam, India:
Dominance of beijing family and discovery
of two new clades related to CAS1-Delhi and
EAl family based on spoligotyping and
MIRU-VNTR typing. PLoS One 2015;10: 1-20.
Liu HC. Molecular Typing Characteristic and
Drug Susceptibility Analysis of Mycobacterium
tuberculosis Isolates from Zigong, China.
Biomed Res Int 2016; 1-7.

30.

31.

32.

33.

34.

35.

San LL, Aye KS, Oo NAT, Shwe MM, Fukushima Y,
Gordon SV, et al. Insight into multidrug-resistant
Beijing genotype Mycobacterium tuberculosis
isolates in Myanmar. International Journal of
Infectious Diseases 2018; 76: 109-19.
DeHaas PE, Khosravi AD, Feizabadi MM,
Jolodar A. Study of genetic diversity in
Mycobacterium tuberculosis by using
mycobacterial interspersed repetitive unit:
Variable number tandem repeat typing in
African J Microbiol Res 2011; 5: 1549-56.
Iwamoto T. Genetic Diversity and Transmission
Characteristics of Beijing Family Strains of
Mycobacterium tuberculosis in Peru. PLoS One
2012; 7(11): e49651.

Hamblion EL, Le Menach A, Anderson LF, et al.
Recent TB transmission, clustering and
predictors of large clusters in London,
2010-2012: Results from first 3-years of
universal MIRU-VNTR strain typing. Thorax
2016; 71(8):749-56.

Moonan PK, Ghosh S, Oeltmann JE, Kammerer
JS, Cowan LS, Navin TR. Using genotyping and
geospatial scanning to estimate recent
Mycobacterium tuberculosis transmission,
United States. Emerg Infect Dis 2012; 18(3):
458-65.

Xu G, Mao X, Wang J, Pan H. Clustering and
recent transmission of Mycobacterium
tuberculosis in a Chinese population. Infect
Drug Resist 2018; 11: 323-30.

43



