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Abstract: To understand the genetic diversity and phenotypic resistance of Mycobacterium tuberculosis (MTB)
strains isolated in Shijiazhuang. Spoligotyping and MIRU-VNTR were performed to genotype MTB isolates and drug
susceptibility testing (DST) was used to obtain phenotypic resistance. The genotyping result with drug resistance
profiles and clinical characteristics was assessed. A total of 422 strains were collected from Shijiazhuang. The pre-
dominant lineage was the Beijing family (91.0%). The VNTR-15__ divided 69 strains into 27 clusters (2-7 strains
per cluster) and 353 individual types. The clustering rate was 9.95% and HGDI value reached 0.999. In contrast, the
VNTR-15_, . with a clustering rate of 40.3% and a HGDI score of 0.989, grouped 229 strains into 59 clusters (2-32
strains per cluster) and 193 unique genotypes. MTB drug resistance rate in retreatment patients was statistically
higher than that of initial treatment panels. However, no statistical difference of drug resistance rate was observed
between the Beijing and the non-Beijing genotypes. The Beijing family is the predominant genotype in Shijiazhuang.
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Introduction

Tuberculosis (TB) remains one of the major
threats to global public health, especially in
developing countries. According to the report
from the World Health Organization (WHO) [1], it
was estimated that one third of the world popu-
lation has ever been infected with the
Mycobacterium tuberculosis (MTB). There was
approximately 9.0 million new cases and 1.5
million died from this infectious disease each
year. China, one of the highest TB burden coun-
tries in the world, held about 11% of global
tuberculosis incidence with 1.3 million active
TB patients and 0.98 million new cases in
2013. An estimated 5.7% of new infections and
26% of retreatment patients would develop into
multi-drug resistant TB (MDR-TB) cases [1].

With the large infection group and the severe
epidemic of MDR-TB, TB is still a major public
health problem that China is facing and need to
deal with.

Based on the advances in molecular biotech-
niques, some genotyping methods, such as
spoligotyping and MIRU-VNTR, have developed
as important tools to investigate the molecular
diversity of TB strains. Spoligotyping is a rapid
and easy-to-do genotyping method that has
long been considered the gold standard for
identification of the Beijing family MTB strains
based on the absence of spacers 1-34 in the
highly polymorphic direct repeat (DR) region of
the MTB genome [2-4]. Due to the fairly low dis-
criminatory power of spoligotyping, MIRU-VNTR
was used as a complement to fully understand
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the genetic diversity of MTB strains [5]. It can
determine the different numbers of mycobacte-
rial interspersed repetitive units with disparate
VNTR loci [6]. Fast detection speed, high
throughput and digitized records make it a
popular molecular typing method all over the
world [7-10].

Shijiazhuang, the provincial capital of Hebei, is
located in the Taihang Mountains and the North
China Plain, only 273 kilometers away from
Beijing, which makes it a key transportation
hub of China. It has a population of over 10 mil-
lion people. Based on the 2000 National TB
Epidemiology Survey in China, there were about
200,000 pulmonary TB patients in Hebei [11].
However, little local information about the
molecular epidemiology of TB in Shijiazhuang is
available. In this study, spoligotyping and MIRU-
VNTR were performed to genotype MTB strains
and DST was also conducted. In addition,
molecular genotype with phenotypic drug resis-
tance andclinical characteristics was assessed.

Materials and methods
Ethics statement

This study was approved by the Ethics
Committee of the Fifth Hospital of Shijiazhuang
and written informed consent was obtained
from all participants.

Study population

A total of 422 isolates were collected for this
study. The median age of the patients was 33
with 276 males. Patients aged from 16 to 35
years old accounted for 50.7% of the total
patient population. Farmers were the largest
infection population, followed by students and
the unemployed. In addition, 131 (31.0%) had
smoking history, 75 (17.8%) had drinking histo-
ry, 103 (24.4%) were retreated cases, 47
(11.1%) were complicated with diabetes melli-
tus (DM), 61 (14.5%) had close contacts with
patients suffering from TB and 34 (8.1%) had
TB family history, which means at least one of
his immediate family members were suffering
from TB or had ever been infected with MTB
strains (Table 1).

Bacterial strains

A total of 422 MTB strains isolated from 422
pulmonary TB patients from various regions of
Shijiazhuang who had been treated at the
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Fifth Hospital of Shijiazhuang (The Infectious
Disease Hospital of Shijiazhuang) during 2014,
were enrolled in this study. The isolates were
subcultured on Lowenstein-Jensen (L-J) medi-
um for 4 weeks at 37°C. The clinical informa-
tion was also collected in format of question-
naire. MTB H37Rv was used as the reference
strain. Genomic DNA was extracted using
Mericon™ DNA Bacteria Kit (Qiagen, USA).
One loop of MTB colonies was resuspended in
200 pl fast lysis buffer by brief and vigorous
vortex, and then incubated at 100°C for 10
minutes. After centrifugation at 12,000 rpm for
5 minutes, the supernatant containing DNA
was collected and stored at -20°C for further
use.

Drug susceptibility testing

For all the strains, DST was performed using
the LJ proportion method, recommended by
WHO, at Clinical Laboratory of the Fifth Hospital
of Shijiazhuang, China [12]. The drug concen-
trations were 0.2 ug/ml for isoniazid (INH), 40
pg/ml for rifampicin (RIF), 4 ug/ml for strepto-
mycin (SM), 2 ug/ml for ethambutol (EMB), 2
pug/ml for ofloxacin (OFX) and 30 pg/ml for
kanamycin (KAN). H37Rv strain was used as
quality control and was tested with each batch
of DST. The results were read at the end of 28
days after inoculation. When the growth rate
was more than 1% compared to the control, the
strain was declared resistant to the specific
drug. Strains resistant to at least RIF and INH
were defined as MDR-TB [13].

Genotyping

Spoligotyping was performed as previously
described by Kamerbeek et al [3]. To identify an
optimal set of MIRU-VNTR loci for genotyping
MTB isolates in Shijiazhuang, 19 loci were
selected for analysis, including 11 common loci
(ETRA, ETRC, ETRD, ETRE, MIRU10, MIRU16,
MIRU26, MIRU40, Mtub21, Mtub30, Mtub39)
shared by VNTR-15_,  [14] and VNTR-15__
[9], 4 VNTR-15, . specific loci (ETRB, MIRU23,
MIRU27, MIRU39) and 4 VNTR-15___ specific
loci (Mtub04, QUB11b, QUB26, QUB4156). The
PCR amplification and product electrophoresis
were carried out as previously reported.

Data and statistical analysis

Spoligotyping data in binary format and MIRU-
VNTR data in decimal format were analyzed

Int J Clin Exp Pathol 2016;9(2):1533-1544
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Table 1. Clinical characteristics of MTB patients: comparison of MDR patients with pan-sensitive
patients

Characteristic (N=4;02t)ajln %) (Eigii;s:%z) (N=5M8?,Rn %) OR® (95% Cl) p-Value
Gender
Male 276 (65.4) 203 (65.3) 35 (60.3) 0.81(0.46-1.44) 0.472
Female 146 (34.6) 108 (34.7) 23(39.7) 1.0 (Ref.)
Age, years
<15 5(1.2) 4 (1.3) 1(1.7) 0.145
16-25 136 (32.2) 101 (32.5) 16 (27.6)
26-35 78 (18.5) 61 (19.6) 11 (19.0)
36-45 49 (11.6) 34 (10.9) 8 (13.8)
46-55 54 (12.8) 35(11.3) 10 (17.2)
56-65 60 (14.2) 40 (12.9) 12 (20.7)
66-75 25 (5.9) 21 (6.8) 0
>76 15 (3.6) 14 (4.5) 0
Smoking
Yes 131 (31.0) 98 (31.5) 16 (27.6) 0.83 (0.44-1.55) 0.553
No 291 (69.0) 213 (68.5) 42 (72.4) 1.0 (Ref.)
Drinking
Yes 75 (17.8) 54 (17.4) 13 (22.4) 1.38 (0.69-2.72) 0.360
No 347 (82.2) 257 (82.6) 45 (77.6) 1.0 (Ref.)
TB Contact history
Yes 61 (14.5) 44 (14.1) 12 (20.7) 1.58 (0.78-3.22) 0.202
No 361 (85.5) 267 (85.9) 46 (79.3) 1.0
TB Family history
Yes 34 (8.1) 26 (8.4) 7 (12.1) 1.51 (0.62-3.65) 0.327
No 388 (91.9) 285 (91.6) 51 (87.9) 1.0 (Ref.)
Occupation
Farmer 240 (56.9) 176 (56.6) 29 (50.0) 0.764
Student 63 (14.9) 47 (15.1) 9 (15.5)
Worker 41 (9.7) 33(10.6) 5 (8.6)
Office clerk 20 (4.7) 15 (4.8) 4 (6.9)
Unemployed 44 (10.4) 30 (9.6) 9 (15.5)
Others 14 (3.3) 10 (3.2) 2(3.4)
Landform
Mountainous region 107 (25.4) 72 (23.2) 17 (29.3) 1.38 (0.74-2.57) 0.314
Plain 315 (74.6) 239 (76.8) 41 (70.7) 1.0 (Ref.)
Socieconomic status®
Upper/middle 96 (22.7) 71(22.8) 15 (25.9) 1.18 (0.62-2.25) 0.616
Lower 326 (77.3) 240 (77.2) 43 (74.1) 1.0 (Ref.)
Medical history
Initial treatment 319 (75.6) 260 (83.6) 17 (29.3) 1.0 (Ref.) <0.01
Retreatment 103 (24.4) 51 (16.4) 41 (70.7) 12.30 (6.48-23.3)
Diabetes melllitus
Yes 47 (11.1) 37 (11.9) 7(12.1) 1.02 (0.43-2.41) 0.970
No 375 (88.9) 274 (88.1) 51 (87.9) 1.0 (Ref.)

aMDR, multi-drug resistant.’OR, odds ratio; Cl, confidence interval.®Yin P, Zhang M. et al. Prevalence of COPD and its associa-
tion with socioeconomic status in China: findings from China Chronic Disease Risk Factor Surveillance 2007. [J] BMC Public
Health, 2011. 11: p. 586.
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Table 2. Distribution of drug susceptibility patterns of the MTB strains with different medical history

DST? n (%) Initial treatment, n (%) Retreatment, n (%) OR (95% ClI) p-value

Total 422 319 (75.6) 103 (24.4)

Pan sensitive 311 (73.7) 260 (81.5) 51 (49.5) 1.0 (Ref.)

Any resistant 111 (26.3) 59 (18.5) 52 (50.5) 4.49 (2.78-7.25) <0.01
Any SM resistant 86 (20.4) 47 (14.7) 39 (37.9) 4.23 (2.52-7.12) <0.01
Any INH resistant 78 (18.5) 32(24.8) 46 (44.7) 7.33 (4.26-12.60) <0.01
Any RIF resistant 67 (15.9) 23(7.2) 44 (42.7) 9.75 (5.42-17.54) <0.01
Any EMB resistant 24 (5.7) 10 (3.1) 14 (13.6) 7.14 (3.00-16.96) <0.01
Any OFX resistant 17 (4.0) 5 (1.6) 12 (11.7) 12.24 (4.13-36.24) <0.01
Any KAN resistant 14 (3.3) 3(0.9) 11 (10.7) 18.69 (5.04-69.40) <0.01

MDR 58 (13.7) 17 (5.3) 41 (39.8) 12.30 (6.48-23.32) <0.01

aDST, drug resistance testing; OR, odds ratio; Cl, confidence interval; SM, streptomycin; INH, isoniazid; RIF, rifam-
picin; EMB, ethambutol; OFX, ofloxacin; KAN, kanamycin; MDR, multi-drug resistance.

using BioNumerics 5.0 software (Applied-
Maths, Sint-Martens-Latem, Belgium). Dendro-
gram and minimum spanning tree were gener-
ated for clustering analysis. The discriminatory
power and allelic diversity of each locus were
determined by Hunter-Gaston discriminatory
index (HGDI) value:

1 S
HDGlI = 1-|—F——< \ni-1
N(N'l);m(nj )

Where N is the total number of strains in the
typing method, s is the total number of different
patterns discriminated by MIRU-VNTR, and n, is
the number of strains belonging to the j* pat-
tern. The clustering rate was defined as (n -
¢)/N, where n_is the total number of clustered
strains, ¢ is the number of clusters and N is the
total number of strains.

The statistical analysis was done by SPSS 16.0
software. Chi-square test or Fisher’'s exact
probability test was used to compare the pro-
portions of different groups and One-way
ANOVA was used to explore the data of differ-
ent age groups. Two-sided p value of less than
0.05 was considered to be statistically
significant.

Results
Drug resistance

DST showed that 311 (73.7%) were sensitive
strains, and 111 (26.3%) were resistant to one
or more of the drugs tested, including 58
(13.7%) MDR isolates. The resistance rate of
SM, INH, RIF, EMB, OFX and KAN was 20.4%,
18.5%, 15.9%, 5.7%, 4.0% and 3.3%, respec-
tively. Statistical analysis showed that both the
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total resistance rate and MDR rate of the
retreatment group were significantly higher
than that of the initial treatment group, and the
same results were seen in SM, INH, RIF, EMB,
OFX and KAN mono-resistance rate between-
the two groups (Table 2). Compared to initial
treatment panels, retreatment patients had a
significantly higher frequency of developing
MDR [P<0.01; OR (95% CI): 12.30 (6.481-
23.32)]. However, the patients with diabetes
had no statistical difference in any drug resis-
tance rate compared to the patients without
diabetes (Table S1). In addition, there was no
statistical difference between the pan-sensi-
tive group and MDR group in any clinical infor-
mation collected (Table 1).

Spoligotyping

According to SpolDB4.0, 384 (91.0%) strains
belonged to the Beijing family and 38 (9.0%)
strains were the non-Beijing family, including 8
strains of T1, 7 of T2, 3 of T3, 1 of T4, 3 of
MANU2, 1 of LAM1, 3 of LAM9, 2 of H3, 1 of U,
2 of AMBIGOUS: T3 T2 and 7 presenting spoli-
gotypes that were not found in the database
(Table 3). Clustering analysis showed that 392
(92.9%) strains were grouped into 10 clusters
(2-361 strains per cluster), and the remaining
30 (7.1%) strains were unique. The largest clus-
ter belonged to the typical Beijing family, con-
taining 361 (85.5%) strains characterized by
the absence of the first 34 spacers and the
presence of spacers 35 to 43. The remaining
23 (5.5%) strains were defined as the atypical
Beijing family for missing one or more dots in
spacers 35-43 (Figure S1). The HGDI of spoligo-
typing for all strains was 0.271.

Int J Clin Exp Pathol 2016;9(2):1533-1544
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Table 3. Spoligotypes of Mycobacterium tuberculosis strains in this study (n=422)

No. Spoligotype SIT® Family® N (%)°
1 DO0O0000000000000000000000000000000CEEEEEEEEE 1 Beijing 361 (85.54)
2 DO00000000000000000000000000000000CEEEEECEEE 190 Beijing 8(1.90)
3 D000000000000000000000000000000000EE0CAEEEE 260 Beijing 1(0.24)
4 0000000000000000000000000000000000EsCEeEEEE 265 Beijing 2 (0.47)
5 000000000000000000000000000000000000aeEEEE 269 Beijing 1(0.24)
6 0000000000000000000000000000000000aEEEEO0NE 541 Beijing 1(0.24)
7 0O000000000000000000000000000000000a0EEEEEEE 621 Beijing 4 (0.95)
8 000000000000000000000000000000000CaEEEEE0NE 941 Beijing 1(0.24)
9 000000000000000000000000000000000CeEeeemc0000 1311 Beijing 1(0.24)
10 ©DODOODOO0O000000000000000000000000OEEECOEmEs 1364 Beijing 1(0.24)
11 ©oO0oOC0O00O00000000000000000000000COEmO0oooog 2101 Beijing 1(0.24)
12 DO00O00OO00O000000000000000000000000CEeEeeEemEmc 2610 Beijing 1(0.24)
13 OOOO0OO000000000000000000000000000CEmmcCOmem ORPHAN Beijing 1(0.24)
1/ SEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEECCOEEEEEEE 53 T1 4 (0.95)
15 EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEECOO0CEEEEEE 240 T1 1(0.24)
16 EONEEEEEEEEEEEEEEEEEEEEEEEEEEEEECCOSEEEEEEE 334 T1 2(0.47)
17 EEEEEEEEEEEEEEEEEENEEEEEEEEEEEEECCOO00C0C0000 1793 T1 1(0.24)
18 EEEEEEEEEEEEEEEENEEEENEEEEENEEEECO0CEERCEEE 52 T2 4 (0.95)
19 EEECEEEEEEEEEEEEEEEEENEENEEEEEEECO0CEEECEEE 848 T2 1(0.24)
20 OOEEEEEEEEEEEEEEEEEEEEEEEEEEEEEECO0CEmEsCmmm 1613 T2 1(0.24)
2] SEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEROCO00C0COECmEEm ORPHAN T2 1(0.24)
22 EEEEEEEEEEEE EEEEEEEEEEEEEEEEEEECO0CEEEEEEE 37 T3 1(0.24)
23 ECEEEEEEEEEE EEEEEEEEEEEEEEEEEEECOC0CEssmmms ORPHAN T3 2(0.47)
2/ EEEEEEEEEEEEEEEEEE EEEEEEEEEEEEEOO0CEEEEEEE 40 T4 1(0.24)
25 EOO00CEEEEEEEEEEEEEECOCOEEEEEEEREOO0 I EEEEEE 961 LAM1 1(0.24)
20 EEEEEEEEEEEEEEEEEEEECO0CEEEEEEEECO00CNEEEEEE 42 LAM9 1(0.24)
27 EEEEEEEEEEEERCOC0C0000000CEEEEEEEE0C00CNEEEEEE 803 LAM9 1(0.24)
28 EEEEEEEEEEEEEOO000RO00COOEEEEEEEEC00 EEsEsEEs 2191 LAM9 1(0.24)
29 EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEECEEEEEEEEE 54 MANU2 3(0.71)
30 EEEEEEEEEEEEEEEEEEEEEEEEEEEEEECEOO0CEEEEEEE 50 H3 1(0.24)
3] EEEEEEEEEEEEEEEEEEEEEEEEEECOO0COROO0C0CEmmEmmmm 1908 H3 1(0.24)
32 EEEEEEEEEEEEEEEEEEEEEEEEOO000000000CEEEEEEE 602 U 1(0.24)
33 ECEEEEEEEEEE EEEEEEEEEEEEEEEEEEECO0CmmsCmmm ORPHAN AMBIGOUS:T3T2 2(0.47)
34 EEEEEEECEEEEEEEEEEECEENEEEENEEECCEENEEEEEE - NEW 1(0.24)
35 EEEEEEEEEEEEEEEEEEEENEEEECEEEEEECOC0000CNEEEE - NEW 1(0.24)
36 EOOEEED EEEEEEEEEEEEEEEOONERO00000EE000N0OEE - NEW 1(0.24)
37 EEEEC EEEEEEEEEEEEEEEEEEEEEEECO0000000000000 - NEW 1(0.24)
38 EEEEEEEEEEEED EEEEEEEEEEEEECECEEC EEEEEEEEE - NEW 1(0.24)
39 COOONEEEEEEEEEEEEEEEEEEEEEEEEEECO00CEEECEEE - NEW 1(0.24)
40 EEEEEEEEEEEE EEEEEEEEEEEEEEEECOEEOO0CEECEEEE - NEW 1(0.24)

aSIT, spoligotype international type. *Spoligotype families as assigned in SpolDB4.0. °The number of the strains with a common
SIT.

The Beijing family strains had a higher risk for Beijing family and the non-Beijing family did not
developing MDR than the non-Beijing family, show any significance in SM, INH, RIF, EMB,
but no significant difference was observed. OFX and KAN (Table S2). Of the Beijing geno-
Meanwhile, the drug resistance rate of the type patients, 29.4% had a smoking history, sig-
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Table 4. Clinical characteristics of Beijing family and non-Beijing family strains

Total

Beijing

Non-Beijing

Characteristic (N=422),n (%) (N=384),n (%) (N=38), n (%) OR (95% ClI) p-Value
Gender
Male 276 (65.4) 247 (64.3) 29 (76.3) 0.56 (0.26-1.22) 0.138
Female 146 (34.6) 137 (35.7) 9 (23.7) 1.0 (Ref.)
Age, years
<15 5(1.2) 4 (1.0) 1(2.6) 0.497
16-25 136 (32.2) 128 (33.3) 8(21.1)
26-35 78 (18.5) 71 (18.5) 7 (18.4)
36-45 49 (11.6) 42 (10.9) 7(18.4)
46-55 54 (12.8) 48 (12.5) 6 (15.8)
56-65 60 (14.2) 52 (13.5) 8(21.1)
66-75 25 (5.9) 24 (6.3) 1(2.6)
>76 15 (3.6) 14 (3.6) 1(2.6)
Smoking history
Yes 131 (31.0) 114 (29.7) 18 (47.4) 2.13(1.09-4.18) 0.025
No 291 (69.0) 270 (70.3) 20 (52.6) 1.0 (Ref.)
Drinking history
Yes 75 (17.8) 64 (16.7) 11 (28.9) 0.49 (0.23-1.04) 0.059
No 347 (82.2) 320 (83.3) 27 (71.1) 1.0 (Ref.)
TB Contact history
Yes 61 (14.5) 60 (15.6) 1(2.6) 6.85 (0.92-50.92) 0.028
No 361 (85.5) 324 (84.4) 37 (97.4) 1.0 (Ref.)
TB Family history
Yes 34 (8.1) 34 (8.9) 0 7.58 (0.45-126.2) 0.059
No 388 (91.9) 350 (91.1) 38 (100) 1.0 (Ref.)
Occupation
Farmer 240 (56.9) 215 (56.0) 25 (65.8) 0.242
Student 63 (14.9) 60 (15.6) 3(7.9)
Worker 41 (9.7) 38(9.9) 3(7.9)
Office clerk 20 (4.7) 20 (5.2) 0
Unemployed 44 (10.4) 40 (10.4) 4 (10.5)
Others 14 (3.3) 11 (2.9) 3(7.9)
Landform
Mountainous region 107 (25.4) 99 (25.8) 8(21.1) 1.30 (0.58-2.94) 0.523
Plain 315 (74.6) 285 (74.2) 30(78.9) 1.0 (Ref.)
Socieconomic status?
Upper/middle 96 (22.7) 90 (23.4) 6 (15.8) 1.63 (0.66-4.03) 0.283
Lower 326 (77.3) 294 (76.6) 32(84.2) 1.0 (Ref.)
Medical history
Initial treatment 319 (75.6) 292 (76.0) 27 (71.1) 1.29 (0.62-2.71) 0.495
Retreatment 103 (24.4) 92 (24.0) 11 (28.9) 1.0 (Ref.)
Diabetes mellitus
Yes 47 (11.1) 44 (11.5) 3(7.9) 1.51 (0.45-5.12) 0.786
No 375 (88.9) 340 (88.5) 35 (92.1) 1.0 (Ref.)

aYin P et al. Prevalence of COPD and its association with socioeconomic status in China: findings from China Chronic Disease

Risk Factor Surveillance 2007. [J] BMC Public Health, 2011. 11: p. 586.
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“

Figure 1. Molecular typing of 422 M. tuberculosis strains with VNTR-15__ and spoligotyping. From left to right:
UPGMA dendrogram generated by VNTR-15, . method, spoligotyping pattern, Spoligo-International-Type (SIT)
number, genetic lineage based on SpolDB4.0, strain numbers.
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Genotypes and drug resistance of TB isolates

Non-Beijing

Figure 2. Minimum spanning tree showing the clustering by spoligotyping of
422 M. tuberculosis strains from Shijiazhuang. Each nodal point represents
a cluster of a particular spoligotypes, the colour and the size of nodal points
is relative to the number of strains within that cluster.

nificantly lower than that of the non-Beijing
ones [P=0.025; OR (95% Cl): 2.13 (1.09-4.18)].
Moreover, 15.6% of the Beijing lineage group
had a TB contact history, significantly higher
than that of the non-Beijing group [P=0.028;
OR (95% CI): 6.85 (0.92-50.92)]. There was
no statistical difference within other clinical
factors between the Beijing and non-Beijing
family (Table 4).
MIRU-VNTR
The VNTR-15__  cluster analysis divided 69
strains into 27 cluster types (2-7 strains per
cluster) and the remaining 353 were individual
types (Figure 1). The clustering rate was 9.95%
and its HGDI value reached 0.999. In contrast,
the VNTR-15,, _ method with a clustering rate
of 40.3% and HGDI of 0.989, grouped 229
strains into 59 clusters (2-32 strains per clus-
ter) and the remaining 193 were unique geno-
types (Figure S2). The HGDI scores of the 19
loci varied significantly from 0.729 for QUB11b
to 0.065 for ETRC. The MIRU-VNTR loci were
classified into highly (>0.6), moderately (0.3 to
0.6) and poorly (<0.3) discriminatory power
based on HGDI values [15]. The VNTR-15__
consisted of 5 highly discriminatory loci
(QUB11b, QUB26, QUB4156, Mtub04, Mtub21),
5 moderately discriminatory loci (MIRU26,
ETRE, ETRA, MIRU10, MIRU40) and 5 poorly
discriminatory loci (MIRU16, MIRU39, ETRD,
Mtub30, ETRC). But the VNTR-15_, had only 1
highly discriminatory locus (Mtub21), 5 moder-
ate loci (MIRU26, ETRE, ETRA, MIRU10,
MIRU40) and 9 poor loci (MIRU16, MIRU39,
Mtub39, ETRD, MIRU27, Mtub30, ETRB,
MIRU23, ETRC) (Table S3).

1540

Atypical Beijing

Minimum spanning tree

To understand the major clus-

ters and describe their genet-
—O0—O ic links, minimum spanning
tree was mapped (Figure 2).
Each nodal point represented
a particular genotype, and the
size of each nodal point was
determined by the number of
strains within that genotype
[7]. The Beijing and the non-
Beijing family were classified
into two large groups. The big-
gest cluster containing 361
strains (SIT1) represented the typical Beijing
family and surrounded by small clusters of the
atypical Beijing family. The three larger clusters
on the left were MANU2, T1 and T2 family. In
particular, 7 newly-defined strains, similar to
MANU?2 or T family, were clustered into the non-
Beijing family.

The minimum spanning tree presented the
clustering results of VNTR-15__ = (a) and
VNTR-15_, . _ (b) genotyping methods (Figure 3).
The figure clearly showed that the polymor-
phism of strains enrolled was intensively high
and VNTR-15__ = grouped the strains into
more clusters than VNTR-15, . suggesting
that VNTR-15__ = typing method have rela-
tively higher discriminatory power than VNTR-
15,,..- The largest cluster belonged to the
Beijing family (light red and yellow) and sepa-
rated from the non-Beijing family (green and
blue). In particular, 7 newly-defined strains
were clustered into the non-Beijing group, con-
sistent with clustering results from spoligo-
typing.

Discussion

The present study aimed to investigate the
genetic diversity and drug resistance of MTB
strains isolated from Shijiazhuang, an area of
little information about MTB molecular charac-
teristics. A total of 422 MTB strains were col-
lected during 2014 from the Fifth Hospital of
Shijiazhuang, which has the largest TB outpa-
tient capacity in Shijiazhuang. Based on the
Nationwide Census, 50.06% of Shijiazhuang
population was male. Taking this into account,
we found that men had a higher TB morbidity
rate than women, and farmers were the largest
TB infection group, followed by students and
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Figure 3. Minimum spanning tree showing the clustering by the VNTR-15

A) and VNTR-15,, _ (B) of 422 M.

Standard (

tuberculosis strains from Shijiazhuang. Each nodal point represents a cluster of a particular spoligotypes, the colour
and the size of nodal points is relative to the number of strains within that cluster.

the unemployed. Although people of all ages
can be infected with MTB, 16 to 35 years old
young adults suffered the most, leading to the
loss of social labor. DST showed that 13.7% of
all strains were MDR, higher than the data
reported on the National Baseline Survey in
Drug-resistant Tuberculosis during 2007-2008
[16]. Retreatment patients had a significantly
higher MDR rate than new cases, consistent
with early reported data [17, 18], and the simi-
lar results were seen in SM, INH, RIF, EMB, OFX
and KAN resistance rate between the initial
treatment group and the retreatment group in
our study, indicating that unfavorable antibiotic
treatment may contribute to the development
of drug resistant M. tuberculosis [19]. However,
our data suggested that other clinical factors,
such as gender, age, smoking, drinking, contact
history, family history, occupation, socioeco-
nomic status, DM and landform, exhibited no
statistical association with drug resistance
partly due to the large proportion of the Beijing
family strains. A DM screening survey among
TB patients and non-TB controls, revealed that
no association between DM and TB was found,
in agreement with our findings [20]. Instead,
another study found that TB patients with DM
had more cavitation, higher smear grade and
more MDR-TB than patients without DM [21].
More studies may be needed to further explain
the relationship between the two diseases, DM
and TB.

The Beijing family is the predominant lineage of
TB strains in Northern China with a prevalence
rate of 67.12%-96.3%, as shown in Figure S3
[5, 10, 22-29]. Our data demonstrated the
Beijing family was also the predominantly epi-
demic genotype in Shijiazhuang, accounting for
91.0%. The genetic diversity of M. tuberculosis
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strains in Shijiazhuang appeared to be highly
polymorphic, as many spoligotypes, such as
Beijing, T1, T2, T3, T4, MANU2, LAM1, LAM9,
H3 and U, were found in this area. Prior studies
considered Beijing family is related to drug
resistance [30-32], while others believe that
the Beijing lineage are no more likely to acquire
drug resistance than the non-Beijing genotypes
[33]. In our study, no evidence supported that
the Beijing family was related to any drug resis-
tance. However, patients with a TB contact his-
tory were more susceptible to the Beijing geno-
type strains, indicating that the Beijing genotype
strains possess a stronger ability to cause
transmission than the non-Beijing strains [34].
Interestingly, smoking patients were more likely
to be infected with the non-Beijing strains than
the Beijing strains, but reasons for this phe-
nomenon remain poorly understood. The esti-
mation for the difference between the Beijing
family and the non-Beijing family in other clini-
cal factors was probably biased by the small
size of the non-Beijing family strains.

Due to the low discriminatory power of spoligo-
typing, MIRU-VNTR was used for further analy-
sis. Considering the geographical difference,
strain polymorphism and high prevalence of
the Beijing family strains in China, a suitable
set of VNTR loci for molecular epidemiology
should be evaluated [35]. In order to get VNTR
loci suitable for Shijiazhuang strains, we select-
ed 19 loci that were included in the classical
VNTR-:I_5Standard method or VNTR-:L5China method,
and the allelic diversity varied significantly at
each VNTR locus. Among the VNTR-15__  loci
set, QUB11b had the highest HGDI score of
0.729, followed by QUB26 (HGDI=0.676),
QUB4156 (HGDI=0.624) and ETRC had the low-

est HGDI of 0.065, similar to previous studies
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from China [19, 32]. The highest discriminative
locusof VNTR-15_, . wasMtub21(HGDI=0.602),
and similar with the results from Beijing (0.688)
[6] and Inner Mongolia (0.655) [36]. Four loci in
VNTR-15, ., not belonging to VNTR-15__
subset, presented rather poor allelic diversity,
and the same results were seen in Gansu [37].
VNTR-15_, . method contained much more low
discriminative loci than VNTR-15Standard group,
which means unrelated strains will be clustered
together. The clustering analysis also indicated
that VNTR-15,,  can group more clusters and
put more strains into a particular cluster than
VNTR-15__  method. Although VNTR-15__
subset gives proper HGDI scores, much more
individual types were aslo generated, which
means related strains did not be clustered [38].
Therefore, more studies are in needed to
achieve a more reasonable set of MIRU-VNTR
loci for strains in Shijiazhuang.

Conclusions

In summary, the Mycobacterium tuberculosis
isolates in Shijiazhuang is of highly genetic
diversity. The Beijing family is the predominant
genotype in this area. Anti-TB drug treatment is
associated with MTB drug resistance. VNTR-
15,4« N@s a higher discriminatory power
than VNTR-15., . Combination of spoligotyp-
ing and MIRU-VNTR is suitable for understand-
ing the molecular epidemiology of MTB strains

in Shijiazhuang.
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Table S1. Distribution of drug susceptibility patterns of the MTB strains between diabetes group and
non-diabetes group

DST n (%) Diabetes, n (%) Non-diabetes, n (%) OR (95% ClI) p-value

Total 422 47 (11.1) 375 (88.9)

Pan sensitive 311 (73.7) 37 (78.7) 274 (73.1) 1.0 (Ref.)

Any resistant 111 (26.3) 10 (21.3) 101 (26.9) 0.73 (0.35-1.53) 0.406
Any SM resistant 86 (20.4) 9 (19.1) 77 (20.5) 0.87 (0.40-1.87) 0.714
Any INH resistant 78 (18.5) 7 (14.9) 71 (18.9) 0.73 (0.31-1.71) 0.466
Any RIF resistant 67 (15.9) 7 (14.9) 60 (34.9) 0.86 (0.37-2.03) 0.737
Any EMB resistant 24 (5.7) 2(4.3) 22 (5.9) 0.67 (0.15-2.98) 1.000
Any OFX resistant 17 (4.0) 1(2.1) 16 (4.3) 0.46 (0.06-3.59) 0.704
Any KAN resistant 14 (3.3) 2 (4.3) 12 (3.2) 1.23 (0.27-5.74) 0.679

MDR 58 (13.7) 7 (14.9) 51 (13.6) 1.02 (0.43-2.41) 0.970
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Figure S1. Molecular typing of 422 M. tuberculosis strains with spoligotyping. The clustering analysis was conduct-
ed using BoiNumerics 5.0 software. From left to right: UPGMA dendrogram generated by spoligotyping, spoligotyp-
ing pattern, Spoligo-International-Type (SIT) number, genetic lineage based on SpolDB4.0, strain numbers.

Table S2. Distribution of drug susceptibility patterns of the MTB strains between Beijing and non-
Beijing family

DST n (%) Beijing, n (%)  Non-Beijing, n (%) OR (95% CI) p-value

Total 422 384 (91.0) 38(9.0)

Pan sensitive 311 (73.7) 282 (73.4) 29 (76.3) 1.0 (Ref.)

Any resistant 111 (26.3) 102 (26.6) 9 (23.7) 1.17 (0.53-2.55) 0.701
Any SM resistant 86 (20.4) 78 (20.3) 8(21.1) 1.00 (0.44-2.28) 0.995
Any INH resistant 78 (18.5) 72 (18.8) 6 (15.8) 1.23 (0.49-3.09) 0.652
Any RIF resistant 67 (15.9) 63 (16.4) 4 (10.5) 1.62 (0.55-4.77) 0.479
Any EMB resistant 24 (5.7) 23 (6.0) 1(2.6) 2.37 (0.31-18.17) 0.709
Any OFX resistant 17 (4.0) 15 (3.9) 2 (5.3) 0.77 (0.17-3.54) 0.668
Any KAN resistant 14 (3.3) 14 (3.6) 0 3.03(0.18-52.11) 0.623

MDR 58 (13.7) 55(14.3) 3(7.9) 1.89 (0.56-6.41) 0.446
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Figure S2. Molecular typing of 422 M. tuberculosis strains with VNTR-15, . and spoligotyping. From left to right: UP-
GMA dendrogram generated by VNTR-15_, . method, spoligotyping pattern, Spoligo-International-Type (SIT) number,
genetic lineage based on SpolDB4.0, strain numbers.

Table S3. HGDI scores of the VNTR-15Standard loci and VNTR-:L5China loci for all strains

Locus HGDI 95% ClI No. of alleles VNTR-15Wdard VNTR-15China
QUB11b 0.729 0.718-0.741 9 \

QUB26 0.676 0.655-0.696 15 \

QUB4156 0.624 0.606-0.643 6 S

Mtub04 0.604 0.585-0.623 6 S

Mtub21 0.602 0.581-0.623 8 N \
MIRU26 0.579 0.555-0.603 10 S \
ETRE 0.560 0.538-0.582 6 S \
ETRA 0.364 0.341-0.388 5 \ \
MIRU10 0.361 0.335-0.387 6 \ \
MIRU40 0.301 0.274-0.327 6 \ \
MIRU16 0.248 0.223-0.273 5 \ \
MIRU39 0.214 0.190-0.237 5 S v
Mtub39 0.211 0.187-0.236 8 \
ETRD 0.211 0.186-0.235 7 v \
MIRU27 0.202 0.179-0.225 3 \
Mtub30 0.179 0.156-0.201 5 \ \
ETRB 0.121 0.101-0.140 3 \
MIRU23 0.083 0.066-0.100 5 \
ERTC 0.065 0.050-0.080 4 \/ \
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Figure S3. Map of China showing the proportion of Beijing family strains in previous studies. The red star showed the
location of the Capital of China, Beijing, and the blue point showed the location of Shijiazhuang.



