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Abstract: Background: To explore the genetic diversity and drug resistance status of MTB in Xuzhou, China. Meth-
ods: A total of 325 clinical MTB strains were genotyped by spacer-oligonucleotide typing (spoligotyping) and my-
cobacterial interspersed repetitive unit variable number of tandem repeats (MIRU-VNTR). Phenotypic resistance
was assessed by drug susceptibility testing (DST). Result: Based on the spoligotyping method, 325 MTB isolates
were classified into 5 known genotypes and 12 unknown genotypes, and the largest branch comprised 268 strains
belonging to the Beijing family. Based on the 15-loci VNTR typing method, 325 MTB isolates were divided into 35
clusters and 220 unique patterns. Compared to the low discriminatory power of spoligotyping genotyping (HGDI =
0.3444), 15-loci VNTR genotyping had a significantly higher discriminatory power for all strains (HGDI = 0.9980),
particularly for the Beijing family strains (HGDI = 0.9892). When spoligotyping and 15-loci VNTR methods were
used together, the discriminatory power increased to 0.9991. The Beijing family strain presented increased risks
for developing multi-drug resistance TB (P < 0.05). Conclusion: The Beijing family isolates is the most prevalent
strains in Xuzhou. Spoligotyping, in combination with 15-loci MIRU-VNTR, is useful for epidemiological analysis of

MTB transmission in Xuzhou.
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Introduction

Tuberculosis (TB) is a major global public health
concern, particularly in developing countries.
According to the World Health Organization
(WHO), there were approximately 9.6 million
new cases and 1.5 million fatal cases of TB in
2014 [1]. China ranks second among the 22
high burden countries, with approximately 0.98
million new cases in 2013 [1]. To reduce the
global burden of TB, the use of effective drug
treatments is considered to be the best ap-
proach. Moreover, due to the inappropriate use
of anti-TB drugs in the world, approximately
0.48 million TB patients became multidrug-
resistant in 2014. Therefore, it is critical to sys-
tematically monitor and track the transmission
of drug-resistant TB strains to control MDR-TB
infection [2, 3].

Genotyping of Mycobacterium tuberculosis
(MTB) isolates has significantly improved
understanding of the epidemiology of TB, and
allowed for better control of this disease [4].
Advances in molecular biotechniques can help

to reveal the source of infection, trace the route
of transmission, and determine risk factors [5]
In order to monitor domestic spread, the spoli-
gotyping method is the gold standard for MTB
strain identification, particularly for Beijing fam-
ily genotype strains [6, 7]. Due to the low dis-
criminatory power of spoligotyping, MIRU-VNTR
is frequently used to fully explore the genetic
diversity of MTB strains [8]. This method can
determine the different numbers of MTB inter-
spersed repetitive units with disparate VNTR
loci, and is widely used for molecular typing.

Xuzhou, an important transportation hub locat-
ed in eastern China, has remained a middle-
prevalence area of TB. According to the 2010
National TB Epidemiology Survey in China, ap-
proximately 57,000 pulmonary TB cases oc-
curred in Xuzhou from 2000 to 2010 [9].
However, information regarding the molecular
epidemiology of TB in Xuzhou is scarce; there-
fore it is important to study the local molecular
epidemiology of TB. In our study, we collected
325 clinical MTB strains in Xuzhou, and geno-
types and drug resistance were analyzed by
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spoligotyping and MIRU-VNTR with 15 VNTR
loci. This study not only provides valuable infor-
mation for TB researchers, but also presents
guidelines for the prevention and control of TB
in Xuzhou.

Materials and methods
Study population and bacterial strains

Atotal of 325 clinical MTB strains were isolated
from TB patients from Xuzhou Infectious
Disease Hospital during 2014. Sputum smear
examination by Ziehl-Neelsen staining and cul-
ture on Lowenstein-Jensen (L-J) medium were
performed for all samples. The demographic
data of all TB patients was collected, including
age, sex, BCG vaccination status, drug treat-
ment, and birth region. All patients enrolled in
the study signed an informed consent form.
The protocols performed in this study were
approved by the Ethics Committee of Xuzhou
Infectious Disease Hospital.

Genomic DNA extraction

All clinical isolates of MTB were grown on fresh
L-J slants at 37°C for 4-6 weeks. Cells were
resuspended in 400 ul TE buffer (pH 8.0), cen-
trifuged at 12,000 rpm for 2 min, and the pellet
was resuspended in 400 pl of TE buffer and
heated in a water bath at 95°C for 30 min. The
cellular debris was centrifuged at 12,000 rpm
for 3 min, and DNA in the supernatant was
stored at -20°C for PCR analysis.

Spoligotyping

Spoligotyping of TB strains was performed as
previously described [10]. First, the direct
repeat (DR) region was amplified with the prim-
ers DRa (5-CCGAGAGGGGACGGAAAC-3’) and
DRb (5-GGTTTTGGGTCTGACGAC-3’). Then, the
PCR products were hybridized to a set of 43 oli-
gonucleotide probes corresponding to each
spacer, which were covalently bound to a mem-
brane. Chemiluminescent detection was per-
formed using ECL detection liquid and ECL
Hyperfilm (GE Healthcare Life Sciences, UK).
The spoligotypes in binary format were then
compared with those in the SITVIT WEB data-
base [11].

MIRU-VNTR

In accordance with previous studies, 15-loci
VNTR were selected for MLVA typing for our
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MTB genetic diversity study [12]. This set of loci
included 5 loci of exact tandem repeats (ETRs):
ETR-A, -B, -C, -D, and -E; 8 MIRU loci: MIRU-10,
-16, -23, -26, -27, -39, and -40; 3 Mtub loci:
Mtub21, 30, and 39. The primer sequences for
PCR amplification of each locus are described
in previous studies [12]. Each PCR reaction was
performed in a final volume of 20 pl containing
50 ng DNA, 10 ul Taqg Mixture (TaKaRa, Japan),
and 1 pl (10 uM) primers. The amplification was
carried out in a thermal cycler (Bio-Rad, USA)
using the following parameters: an initial dena-
turation at 94°C for 5 min; followed by 35 cycles
of denaturation at 94°C for 30 s, annealing at
62°C for 30 s, and extension at 70°C for 45 s;
and a final extension at 72°C for 10 min. A posi-
tive control (H37Rv strain genomic DNA) and a
negative control (ddH,0) were included in each
test. PCR amplicons were analyzed on 2% aga-
rose gels, which were stained with ethidium
bromide and imaged using the Image Lab
System (Bio-Rad). By comparing PCR amplicon
sizes to those obtained from H37Rv, we
obtained the copy numbers of each VNTR loci.
BioNumerics 5.0 was used for the phylogenetic
and cluster analysis, and the discriminatory
power of the VNTR loci was determined by the
Hunter-Gaston discrimination index (HGDI).

Drug susceptibility testing

The LJ proportion method was used for the
DST at the Clinical Laboratory of the Xuzhou
Infectious Disease Hospital. The drug concen-
trations were 0.2 ug/ml for isoniazid (INH), 40
pg/ml for rifampicin (RFP), 2 pg/ml for etham-
butol (EMB), and 4 ug/ml for streptomycin (SM).
H37Rv strain was used as a quality control, and
DST results were analyzed after 4 weeks gr-
owth. When the growth rate was more than 1%
compared to the control, the strain was deter-
mined to be resistant to the specific drug.
Strains resistant to at least RIF and INH were
defined as MDR-TB [13].

Data analysis

The statistical analysis was performed using
GraphPad Prism 6.0. Chi-square for measuring
the association between two categorical vari-
ables which is the Spoligotyping and MIRU-
VNTR, and Fisher’s exact test analysis were run
to identify significant differences. The genetic
diversity was calculated using Hunter-Gaston
diversity index. A two-sided P value of < 0.05
was considered to be statistically significant.
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SIT' Genus® N'(%)
190 Beijing 263 (80.92)
269 Beijing-like 5(1.54)
53 Tl 7(2.15)
334 Tl 3(0.92)
196 Tl 1(0.31)
804 Tl 3(0.92)
154 Tl 1(0.31)
52 T2 4(1.23)
875 T2 4(1.23)
135 T2 1(0.31)
1622 T2 2(0.62)
78 TI-T2 2(0.62)
1808 TS 1(0.31)
124 2(0.62)
246 U 1(0.31)
523 U 1(0.31)
49 H3 2(0.62)
390 H3 1(0.31)
54 MANU2 3(0.92)
NEW 4(1.23)
NEW 2(0.62)
NEW 1(0.31)
NEW 2(0.62)
NEW 1(0.31)
NEW 1(0.31)
NEW 2(0.62)
NEW 1(0.31)
NEW 1(0.31)
NEW 1(0.31)
NEW 1(0.31)
NEW 1(0.31)

Figure 1. Spoligotypes of the MTB isolates (n = 325). SIT number from the SITVIT WEB database. SIT, spoligotype
international type. 2Sppoligotype families as assigned in SITVIT WEB database. 3The number of the isolates with a

common SIT.

Results
Spoligotyping analysis

To demonstrate spoligotype diversity among
MTB strains in Xuzhou, 325 strains were col-
lected from different districts of the city during
2014. Spoligotyping clustering analysis indicat-
ed that 268 (82.46%) were clustered into the
Beijing family, including typical Beijing genoty-
pe (263, 80.92%), and Beijing-like genotype
(5, 1.54%), 29 (8.92%) were T family, 4 (1.23%)
were U genotype, 3 (0.92%) were H3, and 3
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(0.92%) were MANU2 genotype, and 18 strains
were not identified in the SpolDB4.0 database
and referred to 12 “Unknown” genotypes
(Figure 1). These results support the hypothe-
sis that Beijing strains are predominant in dif-
ferent regions of China. However, the spoligo-
typing method did not effectively distinguish
genetic diversity among Beijing family strains.

MIRU-VNTR analysis of MTB strains
The 325 strains were divided into 35 cluste-

rs and 255 genotypes, including 220 unique
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15-loci VNTR Spoligotypes

Figure 2. Genotyping with spoligotyping and 15-loci MIRU-VNTR.
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Table 1. The repeat number of 15-loci VNTR for 325 MTB strains

Repeat Numbers of VNTR-loci in the Isolates

VNTR loci HGDI score No. of repeats in H37Rv

1 2 3 4 5 6 7 8 9
ETRA 0.585 3 1 35 73 193 9 12 2
ETRB 0.229 3 38 283 4
ETRC 0.163 4 9 14 297 2 3
ETRD 0.553 3 9 94 195 21 4 2
ETRE 0.665 3 2 16 63 152 91 1
MIRU10 0.679 3 14 102 143 55 7 4
MIRU16 0.591 2 11 193 61 45 15
MIRU23 0.242 6 1 7 281 34 2
MIRU26 0.726 3 2 4 11 21 53 143 72 11
MIRU27 0.471 3 2 30 225 67 1
MIRU39 0.598 2 5 42 172 106
MIRU40 0.577 1 4 49 202 61 9
Mtub21 0.785 2 12 8 32 85 93 75 15 5
Mtub30 0.622 2 67 163 95
Mtub39 0.477 5 27 19 229 43 7

Table 2. Different discriminatory power of different typing methods used for 325 MTB strains

Method No. of clystered No. of Clqster Clustering HGDI score

strains clusters size  rate (%) All strains Beijing family Other strains
Spoligotyping 310 16 2-263 90.46 0.3444 0.0375 0.9655
15-loci VNTR 105 35 2-6 21.54 0.9980 0.9892 0.9963
Spoligotyping and VNTR 87 26 2-5 18.77 0.9991 0.9932 0.9989

patterns, by the MLVA with 15-loci VNTR (Figure
2 and Table S1). The number of clustered iso-
lates was 105 and the clustering rate was
21.54%. To verify the discriminatory power of
each locus and the cumulative discriminatory
power of all 15 loci, we calculated the discrimi-
natory power of each locus to obtain the HGDI
discriminatory power (Table 1). Each of the 15
loci showed different discriminatory powers,
which consisted of 5 high (> 0.6) discrimina-
tory loci (Mtub21, MIRU26, MIRU10, ETRE,
Mtub30), 7 moderate (0.3 to 0.6) discriminato-
ry loci (MIRU39, MIRU16, ETRA, MIRU40, ETRD,
Mtub39, MIRU27), and 3 poor (< 0.3) discrimi-
natory loci (MIRU23, ETRB, ETRC), based on
the HGDI values.

Comparison of spoligotyping and VNTR geno-
typing

Comparing the genotyping results of 325 iso-
lates with spoligotyping and 15-loci VNTR indi-
cated the discriminatory power of these two
genotyping methods (Table 2). Compared to
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15-loci VNTR, spoligotyping had a low discrimi-
natory power (HGDI = 0.344), particularly wh-
en applied to Beijing family strains (HGDI =
0.0375). Moreover, among the 31 different
types, spoligotyping identified 15 unique st
rains and 16 clusters grouped containing 310
strains, with a clustering rate of 90.46%. The
15-loci VNTR identified 220 unique strains and
35 clusters grouped containing 105 strains,
with a clustering rate of 21.54%. Moreover,
15-loci VNTR genotyping had a significantly
higher discriminatory power for all strains (HGDI
= 0.9980), particularly for Beijing family strain
genotyping (HGDI = 0.9892). When spoligotyp-
ing and 15-loci VNTR methods were combined,
the discriminatory power increased to 0.9991,
and the clustering rate was reduced to 18.77%.

Drug resistance

The DST results showed that 14.77% (48/325)
were resistant to at least one of the four first-
line drugs (Table 3). The proportions of si-
ngle-drug resistance of RFP, INH, SM, and EMB

Int J Clin Exp Pathol 2017;10(9):9675-9682
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Table 3. First-line drug resistant frequency among 325 MTB strains

Drugs

No. (%) of Isolates

Beijing (n = 268) Non-Beijing (n = 57) X? P

Mono-resistance
RFP

4(1.49 1(1.75 0.02128 >0.05

prevalent lineage of MTB
strains in Xuzhou. The re-
sult is in concordance
with previously publish-
ed results. Compared
with other Chinese citi-

) )
INH 6 (2.24) 4(7.02) 3599 >0.05 es, prevalence of the Bei-
SM 7 (2.61) 2 (3.51) 0.1404 >0.05 jing genotype was less
EMB 4 (1.49) 2 (3.51) 1.054 >0.05 than for Beijing (92%)
Total 21(7.84) 9 (15.79) 3.549 >0.05 [17], Shijiazhuang (91%)
MDR-TB [18], but more than Hong
RFP+INH 6 (2.24) 0(0) 1.300 >0.05 Kong (70%) [19], Taibei
RFP+INH+SM 6 (2.24) 0(0) 1.300 >0.05 (52%) [20], and Shanghai
INH+SM+EMB 4 (1.49) 0(0) 0.8613 > 0.05 (77%) [21]. Although the
RFP+INH+SM+EMB 2 (0.75) 0(0) 0.4280 >0.05 Beijing family was the
Total 18 (6.72) 0 (0) 4053 <005  dominant genotypic fa-

were 1.54% (5/325), 3.08% (10/325), 2.77%
(9/325), and 1.85% (6/325), respectively.
Among all isolates, 5.54% (18/325) isolates
were MDR-TB strains, including 2 (0.62%)
strains resistant to all four first-line drugs. By
comparing the distribution of drug resistance
between Beijing and non-Beijing strains, we
found that the Beijing family strains presented
increased risks for developing MDR in Xuzhou
(X2=4.053, P < 0.05).

Discussion

TB is a global public health issue, and the prev-
alence of TB is closely related to regional differ-
ences and population mobility. Systematic sur-
veillance and tracking of transmission of TB
strains have become critically important for
infection control. Compared with traditional
MTB typing, newer genotyping methods can
quickly and accurately obtain information
regarding outbreaks of MTB [4]. Moreover, cer-
tain MTB genotypes have been found to be
related to the risk of transmission or anti-TB
drug resistance. The number of MTB genotypes
has increased throughout different regions of
China [10, 14-16]. However, these results do
not represent the prevalence and epidemic
trend of tuberculosis in Xuzhou, an important
transportation hub in China.

Spoligotyping is the gold standard for Beijing
family identification, as it is simple and effi-
cient. The current study spoligotyping showed
82.46% were clustered into the Beijing family,
thus indicating the Beijing family is the most
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mily in the Xuzhou dis-
trict, genotypic polymor-
phisms were also evident, such as the T1, T2,
T1-T2, T5, U, H3, and MANU2 families. Notably,
the T family genotype, which is prevalent in
Africa, Central and South America, and Europe,
was significantly higher in Xuzhou than in other
districts [22]. The U types have previously been
identified as high-incidence strains in the
Middle East, and Central and Southern Asia
[22]. This indicates that population mobility
from these regions may have increased the
prevalence of related genotypes in Xuzhou. In
addition, we identified 12 novel MTB spoligo-
types, indicating the complexity of the sources
of strains in this region.

The discriminatory power of spoligotyping is
low, and it cannot be utilized for complex analy-
sis of the Beijing family strains. Genotyping with
a higher discriminatory power is required to
detect unnoticed transmission of M. tuberculo-
sis among patients. Therefore, another molecu-
lar typing method based on MIRU-VNTR is used
to complete the shortcoming of the spoligoty-

ping.

In different regions, the disparate VNTR typing
sets showed various efficiencies in MTB geno-
typing. The sets of common loci comprised of
12-loci, 15-loci, 24-loci, and others, and the
discriminatory power of MIRU-VNTR is deter-
mined by the number of loci [23]. The selection
of suitable sets of loci depends on the pattern
of MTB strains in the investigated area. We
selected the classic 15-loci VNTR method,
based on available data for other Chinese cit-
ies [24, 25], and found that the allelic diversity
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varied significantly at each VNTR locus. We
identified 220 unique strains, and 35 clusters
grouped containing 105 strains, and found a
significantly higher discriminatory power for all
strains (HGDI = 0.9980), particularly for geno-
typing of Beijing family strains (HGDI = 0.9892).
Among the 15-loci VNTR, Mtub21 had the high-
est HGDI score of 0.785, similar to the Beijing
results, however this locus was not optimal for
genotyping in Tibet, Heilongjiang, and Taibei
[26]. MIRU26, MIRU10, ETRE, and Mtub30 also
revealed higher diversity than in other zones
[26]. When the spoligotyping and 15-loci VNTR
methods were used together, the discriminato-
ry power increased to 0.9991. This result indi-
cates that the combination of the two genotyp-
ing methods improves discriminatory power
and reproducibility, and significantly contrib-
utes to the understanding of MTB epidemio-

logy

The DST results showed that the multiple drug
resistance rates were 5.54% in Xuzhou (Table
3). This was lower than the average level of
China. This may be attributed to vigorous pre-
vention and control methods used in Xuzhou,
resulting in reduction of the spread of drug-
resistant tuberculosis. According to published
reports, the Beijing genotype is significantly
associated with drug-resistance, and may be
responsible for the emergence and spread of
MDR-TB [12, 27].

In order to identify any association of drug re-
sistance with the Beijing genotype, we com-
pared the distribution of drug resistance be-
tween Beijing and non-Beijing genotyping
strains usieng the XXX methode and the result
in Table 3 showed increased risk for developing
MDR-TB in the Beijing family strains.

The study demonstrates the Beijing family iso-
lates is the most prevalent strains in Xuzhou.
Furthermore, the Beijing family strain may be
more virulent and associated with drug re-
sistance.

The spoligotyping method is the gold standard
for MTB strain identification, particularly for
Beijing family genotype strains, nevertheless it
has low. Therefore, 15-loci MIRU-VNTR, whic is
useful for epidemiological analysis of MTB
transmission in Xuzhou, is used to complete
the shortcoming of the spoligotyping.
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Table S1. Genotyping with spoligotyping and 15-loci MIRU-VNTR

15-loci VNTR

Strains Spoligotypes
ETRA ETRB ETRC ETRD ETRE MIRU10 MIRU16 MIRU23 MIRU26 MIRU27 MIRU39 MIRU40 Mtub21 Mtub30 Mtub39
MTBO60 9 2 4 3 5 3 3 6 7 2 3 3 3 2 2 Beijing
MTB142 9 2 4 3 5 4 2 5 7 3 3 3 5 4 4 Beijing
MTB012 2 2 4 4 6 2 1 5 3 3 2 4 3 2 2 Beijing
MTBO50 4 2 4 7 5 3 2 5 5 3 2 3 4 2 4 Beijing
MTB119 2 1 4 5 5 2 2 5 7 3 3 3 3 2 4 Beijing
MTB252 3 1 4 7 5 3 3 5 9 3 3 3 3 2 4 Beijing
MTB0O0O4 3 1 4 3 6 3 5 5 7 2 2 3 2 2 4 Beijing
MTBO042 3 2 4 4 6 3 4 5 7 3 2 3 3 2 4 Beijing
MTB113 2 2 4 2 4 2 4 6 8 3 2 3 3 2 4 Beijing
MTB115 2 2 4 3 5 3 4 6 8 3 2 3 3 2 4 Beijing
MTBOO05 4 2 7 4 6 3 5 5 8 4 1 4 1 2 4 Beijing
MTB207 4 2 4 3 6 3 5 5 7 3 2 3 1 2 2 Beijing
MTB062 4 2 4 3 5 3 2 5 7 3 3 4 3 2 2 Beijing
MTB204 4 2 4 3 6 3 2 5 5 3 2 3 3 2 2 Beijing
MTB168 4 2 4 3 5 3 2 5 6 3 2 3 1 2 2 Beijing
MTBO69 4 1 3 4 5 2 2 5 6 2 3 3 2 2 5 Beijing
MTB049 3 2 4 4 5 3 2 5 5 3 3 3 4 2 5 Beijing
MTB253 4 2 4 3 5 3 2 5 5 3 3 3 4 2 4 Beijing
MTB101 4 2 4 3 5 3 2 5 7 3 3 3 4 2 4 Beijing
MTB211 3 2 4 4 6 3 2 5 7 3 3 3 4 2 4 Beijing
MTB175 4 2 4 3 5 3 2 5 6 2 2 3 3 2 4 Beijing
MTB176 4 2 4 3 5 4 2 5 7 2 3 3 3 2 4 Beijing
MTB171 2 2 4 2 4 2 2 5 4 2 2 3 2 2 4 Beijing
MTB169 3 2 4 3 5 5 2 5 7 3 3 3 1 2 4 Beijing
MTB100 4 2 4 2 6 3 3 5 6 3 2 3 1 2 5 Beijing
MTB170 3 2 4 3 5 3 3 6 7 3 2 3 1 2 4 Beijing
MTB284 4 2 4 3 5 3 3 5 6 3 2 3 1 2 4 Beijing
MTB208 4 3 4 3 5 3 3 5 6 2 2 3 2 2 4 Beijing
MTB261 4 2 4 2 6 3 2 5 7 3 1 3 1 2 4 Beijing
MTB112 4 1 3 2 5 3 2 5 8 2 3 3 3 2 4 Beijing
MTB203 4 2 3 2 5 3 2 5 8 2 2 3 3 2 2 Beijing
MTB163 4 2 4 2 3 2 2 5 7 3 2 3 3 2 2 Beijing
MTB209 3 2 2 1 3 1 2 5 7 2 2 3 3 2 2 Beijing
MTB114 4 2 4 2 4 2 1 5 7 3 2 3 3 2 5 NEW
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