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Background: In the last decades, the molecular epidemiological investigation of Mycobacterium tuberculosis has significantly 
increased our understanding of tuberculosis epidemiology. However, few such studies have been done in southern Xinjiang, China. 
We aimed to clarify the molecular epidemic characteristics and their association with drug resistance in the M. tuberculosis isolates 
circulating in this area.
Methods: A total of 347 isolates obtained from southern Xinjiang, China between Sep, 2017 and Sep, 2019 were included to 
characterize using a 15-locus MIRU-VNTR (VNTR-15China) typing and spoligotyping, and test for drug susceptibility profiles. Then 
the lineages and clustering of the isolates were analyzed, as well as their association with drug resistance.
Results: Spoligotyping results showed that 60 spoligotype international types (SITs) containing 35 predefined SITs and 25 Orphan or 
New patterns, and 12 definite genotypes were found, and the top three prevalent genotypes were Beijing genotype (207, 59.7%), 
followed by CAS1-Delhi (46, 13.6%), and Ural-2 (30, 8.6%). The prevalence of Beijing genotype infection in the younger age group 
(≤30) was more frequent than the two older groups (30~59 and ≥60 years old, both P values <0.05). The Beijing genotype showed 
significantly higher prevalence of resistance to isoniazid, rifampicin, ethambutol, multi-drug or at least one drug than the non-Beijing 
genotype (All P values ≤0.05). The estimated proportion of tuberculosis cases due to transmission was 18.4% according to the cluster 
rate acquired by VNTR-15China typing, and the Beijing genotype was the risk factor for the clustering (OR 9.15, 95% CI: 4.18–20.05).
Conclusion: Our data demonstrated that the Beijing genotype is the dominant lineage, associated with drug resistance, and was more 
likely to infect young people and contributed to tuberculosis transmission in southern Xinjiang, China. These findings will contribute 
to a better understanding of tuberculosis epidemiology in this area.
Keywords: MIRU-VNTR, spoligotyping, Beijing genotype, drug resistance, genetic diversity, Mycobacterium tuberculosis

Introduction
Tuberculosis (TB), caused by Mycobacterium tuberculosis complex, poses a great threaten to people’s health. In 2020, it 
was estimated that 9.9 million people fell ill with TB and 1.3 million died from TB among HIV-negative people 
worldwide.1 China had 842000 new cases which accounted for 8.5% of all estimated incident cases worldwide, and ranks 
the second of the 30 high TB burden countries in 2020.1 The emergence and spread of rifampicin-/multidrug-resistant TB 
(RR-/MDR-TB) poses a dilemma for TB control in the world and China. The World Health Organization (WHO) 
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reported that close to half a million people developed RR-TB, of which 78% had MDR-TB globally.2 A national survey 
on drug-resistant TB in China showed that 5.7% of new cases had MDR-TB which was twice of the global average.3 

Another report showed that the number of RR-TB cases increased year by year in China, from 10,019 in 2015 to18623in 
2019, respectively.4 Tracking transmission dynamics of clinical isolates enables TB control program to effectively 
identify transmission hotspots and employ targeted intervention strategies.5 This is particularly important for controlling 
the spread of drug-resistant TB.

Molecular genotyping methods were universally applied in TB epidemiology and transmission chain study and played 
great roles in determining whether two or more TB cases were linked within a transmission chain.6 Classical genotyping 
methods involved IS6110-based restriction fragment length polymorphism (RFLP) analysis, mycobacterial interspersed 
repetitive-unit-variable numbers of tandem repeat (MIRU-VNTR) typing and spacer oligonucleotide typing 
(spoligotyping).7–10 Among these methods, IS6110-RFLP is very cumbersome and inconvenient11 and has been sub-
stituted by MIRU-VNTR and spoligotyping. MIRU-VNTR and spoligotyping both based on PCR are rapid and simple 
and have been widely used globally. Moreover, the results were demonstrated as digital, which can be used for inter- 
laboratory comparisons. Recently, the whole genome sequence (WGS) based single nucleotide polymorphisms (SNP) 
typing or core genome multi locus sequence typing (cgMLST) has been widely used in investigating the transmission 
chains and provide more clear insights into the molecular epidemiology of M. tuberculosis complex.12–14 However, WGS 
is expensive and needs professional technicians, and not readily available for resource limited setting and remote areas.

Xinjiang Uyghur Autonomous Region (Xinjiang, for short) locates in the northwestern of China and can be divided 
geographically into the southern and northern regions. According to a surveillance data between 2011 and 2015 in 
Xinjiang, the majority of the cases (71.8%) were reported from the southern region, pulmonary TB incidence in the 
southern Xinjiang region increased from 257.8 cases in 2011 to 312.7 cases in 2015 per 100,000 people.15 However, the 
genetic diversity of M. tuberculosis in Xinjiang especially in southern Xinjiang were grossly understudied. In this study, 
we applied 15-loci MIRU-VNTR typing and spoligotyping methods to characterize genetic diversity and analyze its 
association with drug resistance patterns in M. tuberculosis isolates from southern Xinjiang.

Materials and Methods
Patients and Mycobacterial Isolates
From Sep, 2017 to Sep, 2019, a total of 352 TB patients with M. tuberculosis isolates were consecutively collected from 
the TB specialist hospitals in charge of TB control in southern region of Xinjiang, including the Eighth Affiliated 
Hospital of Xinjiang Medical University, Kashgar Pulmonary Hospital, Kuqa County Infectious Disease Hospital and 
Wushi County People’s Hospital. These patients with M. tuberculosis isolates were in compliance with the TB diagnosis 
criteria issued by the National Health and Family Planning Commission of the People’s Republic of China.16 The HIV 
states of patients were not tested in this study.

The reference strains Mycobacterium bovis BCG were provided by Institute of Biological Product Control, National 
Institutes for Food and Drug Control, Beijing, China and M. tuberculosis H37Rv were from ATCC (27,294). The sub- 
culture, collection and inactivation of all strains were performed in a Biosafety level 3 (BSL-3) laboratory in 
Communicable Disease Control and Prevention, Chinese Center for Disease Control and Prevention (NICDC, China 
CDC). Demographical data of TB cases were collected using patients’ clinical records.

Genomic DNA Extraction
DNA was extracted from mycobacterial culture according to the standard CTAB/NaCl method.17 Briefly, colonies from 
culture positive isolates and the standard strains of H37Rv and M. bovis were suspended in 1.5 mL Eppendorf tube with 
400 µL of 1XTE buffer, and then heated for 30 min at 80 °C to kill the bacteria. The samples were then mixed with 50 
µL 10 mg/mL lysozyme and incubated at 37°C for 16–24h. Then 5 µL 10 mg/mL proteinase K and 70 µL 10% SDS was 
added to the mixture and incubated for 10 min at 65 °C. After adding 5 M NaCl, CTAB-NaCl (4.1% NaCl and 10% 
CTAB) and chloroform-isoamyl alcohol (24:1 [vol/vol]), the tubes were centrifuged for 15 min at 13,000 × g in an 
Eppendorf centrifuge, the aqueous phase was transferred to another tube and mixed with isopropanol at −20 °C for 30 
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min and then centrifuged for 15 min at 13,000 × g. The DNA pellet was dissolved in 200–300 µL of TE buffer and stored 
at −20°C for further molecular analysis.

Spoligotyping
A total of 352 isolates were analyzed by spoligotyping. H37Rv and BCG were used as positive controls and distilled 
water as a negative control. Spoligotyping was performed following a standard protocol described previously.18 Briefly, 
the direct repeat (DR) regions were amplified with a pair of primers (forward:5’- Biotin- GGTTTTGGGTCTGACGAC 
−3’, reverse: 5’- GGTTTTGGGTCTGACGAC −3’), and the resulting PCR products were hybridized to a set of 43 
spacer-specific oligonucleotide probes, which were immobilized on the membrane. The hybridized products were 
identified by enhanced chemiluminescence system (ECL, Amersham, UK). The spoligotype results were entered into 
an Excel spreadsheet in binary format and analyzed using the SITVIT2 database (http://www.pasteur-guadeloupe.fr:8081/ 
SITVIT2/index.jsp) of the Pasteur Institute of Guadeloupe which contained more than 90,000 patterns from more than 
160 countries of patient origin to determine the spoligotype international types (SITs) and genotypes.19

Mycobacterial Interspersed Repetitive-Unit-Variable Numbers of Tandem Repeat 
Typing
We performed the 15-loci MIRU-VNTR typing as described by Wan et al.20 The 15-loci set was selected by Wan et al15 

and called VNTR-15China to facilitate efficient genotyping of large number of isolates with a limited panel of loci that 
would correctly cluster the bacteria into the main clades/genotype families in China. These loci included seven 
mycobacterial interspersed repetitive unit (MIRU) loci (MIRU10, MIRU16, MIRU23, MIRU26, MIRU27, MIRU39 
and MIRU40), five exact tandem repeat (ETR) loci (ETR-A, ETR-B, ETR-C, ETR-D [alias MIRU04] and ETR-E [alias 
MIRU31]) and 3 Mtub loci (Mtub21, Mtub30 and Mtub39), and all of these 15 loci were also included in the VNTR-24 
scheme described by Supply et al.21 In short, PCR products using primer pairs specific for the flanking regions of each 
locus were acquired, then verified by electrophoresis in 1.5% agarose gels and photographed with Bio-Rad ChemiDoc 
XRS+ imaging system (Bio-Rad, Hercules, CA, USA). The sizes of the amplicons and the number of the repeated unit of 
each locus were then determined by the Quantity one software (Bio-Rad, Hercules, CA, USA). The repeated units of all 
isolates at the 15 loci were used to perform cluster analysis with BioNumerics software (version 7.6, Applied Maths, 
Belgium).

Drug Susceptibility Testing
Three hundred out of the 352 M. tuberculosis isolates were used to perform drug susceptibility testing (DST). The DST 
was performed as described in our previous study.22 The isolates were first used to perform DST with 7H9 liquid medium 
based 96-well plate DST kit (Encode Medical Engineering Co., Ltd, Zhuhai, China) in the Eighth Affiliated Hospital of 
Xinjiang Medical University. For the isolates with inconsistent phenotypic and genotypic susceptibility results (the 
results were not shown in the present study), the traditional proportional method with Lowenstein-Jensen (L-J) medium 
was applied to confirm the susceptibility profiles in the NICDC, China CDC. The critical concentrations for the four 
studied drugs indicate resistance with 96-well plate DST kit were as following: isoniazid (INH), 0.4 µg/mL; rifampicin 
(RMP), 4.0 µg/mL; streptomycin (STR), 4.0 µg/mL; ethambutol (EMB), 5.0 µg/mL, while with proportional method 
were as following: INH, 0.2 µg/mL; RMP, 40.0 µg/mL; STR, 4.0 µg/mL; EMB, 2.0 µg/mL.23

Data Analysis
Statistical analysis of data was done with SPSS (version 21.0, SPSS Inc., Chicago, IL, United States). Association 
between categorical variables was evaluated using Chi-square test. Odds ratio (OR) with a 95% confidence interval (CI) 
was determined by logistic regression models. Multivariable logistic regression model was also used to study the 
associations between the clustering of the M. tuberculosis isolates based on MIRU-VNTR typing or spoligotyping and 
demographic and drug-resistance characteristics as applicable. P values ≤ 0.05 were considered statistically significant. 
The cluster analysis or generation of minimum spanning tree (MST) were performed by BioNumerics software (version 
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7.6, Applied Maths, Belgium). A cluster was defined as two or more isolates sharing identical spoligotype and/or 
VNTR-15China patterns,24 and the clustering rate was calculated using the formula, Rc = (nc - c)/n, in which n is the total 
number of isolates in the sample, nc is the total number of clustered isolates (size two or greater) and c is the number of 
clusters (genotypes represented by at least two cases).25 The minimum spanning tree20,26 was constructed by with the 
following options: (i) in case of equivalent solutions in terms of calculated distances, the selected tree was the one 
containing the highest number of links between genotypes differing at only one locus (“Highest number of single locus 
variants” option); (ii) the creation of hypothetical types (missing links) reducing the total length of the tree was allowed.

Results
Demographic Characteristics of the Patients
In the present study, due to five out of 352 isolates failed to obtain the VNTR typing results, we finally included 347 
patients and their isolates for analysis. The demographic characteristics of the 347 TB patients are summarized in 
Table 1. The patients comprised of 46.4% (161/347) males and 53.6% (186/347) females. The ages of the patients ranged 
from 17 to 95 years. Of the 347 patients, 170 (49.0%) were new cases and 177 (51.0%) were previously treated cases. 
Geographically, the majority of patients were from Akesu (n = 154; 44.4%), followed by from Kashgar (93, 26.8%), 
Hetian (67, 19.3%) and other areas (33, 9.5%).

Table 1 Demographic and Drug-Resistance Characteristics of Patients with Beijing and Non- 
Beijing Family Isolates

Characteristics Total (%) Beijing (%) Non-Beijing (%) χ2 P

Sex 1. 708 0.191

Male 161 (46.4) 102 (49.3) 59 (42.1)

Female 186 (53.6) 105 (50.7) 81 (57.9)

Age group (yrs) 10.118 0.006#

≤30 74 (21.3) 56 (27.1) 18 (12.9)

30~59 119 (34.3) 67 (32.4) 52(37.1)

≥60 154 (44.4) 84 (40.6) 70 (50.0)

Treatment history 0.279 0.598

New 170 (49.0) 99 (47.8) 71 (50.7)

Relapsed 177 (51.0) 108 (52.2) 69 (49.3)

Region 5.068 0.167

Kashgar 93 (26.8) 61 (29.5) 32 (22.9)

Akesu 154 (44.4) 91 (44.0) 63 (45.0)

Hetian 67 (19.3) 33 (15.9) 34 (24.3)

aOthers 33 (9.5) 22 (10.6) 11 (7.9)

Drug-resistance

INHb 98 (32.7) 66 (37.7) 32 (25.6) 4.865* 0.027

INHmr 31 (14.8) 17 (15.2) 14 (14.4) 0.023$ 0.880

RMPb 61 (20.3) 46 (26.3) 15 (12.0) 9.186* 0.002

(Continued)
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Drug-Resistance Characteristics of the Isolates
Of the 347 isolates, only 300 had confirmed DST results. As showed in Table 1, the drug-resistance profiles of the 300 
isolates showed that INH owned the highest resistance rate (32.7%, 98/300), followed by STR (22.3%, 67/300), RMP 
(20.3%, 61/300), and EMB (8.7%, 26/300). In all, 122 (40.7%) isolates were resistant to at least one of the four drugs, 
51 (17.0%) were MDR, 23 (7.7%) were resistant to more than one drug but not MDR and defined as poly-drug 
resistant (PDR). On the other hand, we observed that INH mono-resistant rate was 14.8% (31/300), RMP mono- 
resistant rate was 1.7% (3/300), STR mono-resistant rate was 6.8% (13/300) and EMB mono-resistant rate was 0.3% 
(1/300).

Spoligotype Distribution of the Mycobacterium tuberculosis Isolates
The spoligotyping data of the 347 M. tuberculosis isolates were analyzed in the SITVIT2 database and 60 distinct spoligo 
patterns containing 35 predefined SITs and 25 Orphan or New patterns were found (Table 2 and Supplemental Figure S1). 
The 347 isolates were classified into Beijing family (207, 59.7%), CAS (47, 13.5%), Ural-2 (30, 8.6%), EAI (11, 3.2%), H (3, 
0.9%), LAM9 (2, 0.6%), T (21, 6.1%) and unknown or not defined (orphan or new) (26, 7.5%). Among the 207 Beijing 
genotype isolates, 189 carried classical type (SIT1) and 7 nonclassical types (SIT1162, SIT1311, SIT190, SIT260, SIT265, 
SIT269, or SIT632). Of the 46 CAS1-Delhi-type strains, the SITs were 25 (n = 15), 26 (n = 13), 357 (n = 14), 381 (n = 2), 
1203 (n = 1) and 952 (n = 1). Of the 30 Ural-2 family isolates, SIT127 was the most common sub-genotype (29/30). T family 
strains covered four sub-lineages of T (1, 0.3%), T1 (12, 3.5%), T2 (5, 1.4%) and T3 (3, 0.9%), and divided into 15 different 
SITs (Table 2). In total, 321 were classified into 7 predefined lineages or 12 predefined sub-lineages.

Clustering analysis on the spoligotyping binary codes showed that 313 (90.2%) isolates formed 22 clusters, 34 (9.8%) 
isolates did not form clusters, the clustering rate was 83.9% (Supplemental Figure S1). Of the 22 clusters, the six most 
predominant clusters included SIT 1 (Beijing, 189 isolates), SIT 127 (Ural-2, 29 isolates), SIT 25 (CAS1-Delhi, 15 
isolates), SIT 357 (CAS1-Delhi, 14 isolates), SIT 26 (CAS1-Delhi, 13 isolates) and SIT 27 (EAI, 11 isolates), these 
isolates account for 78.1% (271/347) of all isolates.

We further analyzed the factors contributing to the clusters, however, none of the demographic characteristics and 
drug-resistance profiles was found to be associated with the clustering based on spoligotyping binary codes 
(Supplemental Table S1).

Table 1 (Continued). 

Characteristics Total (%) Beijing (%) Non-Beijing (%) χ2 P

RMPmr 3 (1.7) 2 (2.1) 1 (1.2) 0.210$ 0.647

STRb 67 (22.3) 44 (25.1) 23 (18.4) 1.911* 0.167

STRmr 13 (6.8) 7 (6.9) 6 (6.7) 0.001$ 0.974

EMBb 26 (8.7) 20 (11.4) 6 (4.8) 4.047* 0.044

MDR 51 (17.0) 40 (22.9) 11 (8.8) 10.212* 0.001

PDR 23 (7.7) 13 (7.4) 10 (8.0) 0.034* 0.854

Resistant to at least one drug 122 (40.7) 80 (45.7) 42 (33.6) 4.435* 0.035

Notes: MDR, resistant to at least INH and RMP; PDR, the isolates were resistant to more than one drug, but not MDR 
isolates; Pan-sus means that the isolates were susceptible to INH, RMP, EMB and STR. aothers areas, include Kizilsu Kirgiz 
Autonomous Prefecture and Bayingolin Mongol Autonomous Prefecture. yrs, years. bHere means the total number of 
isolates resistant to INH, RMP, STR or EMB. The chi-square test or Fisher’s exact test were performed *between INH, 
RMP or EMB resistant and non-INH, RMP or EMB resistant isolates, $between INH or RMP or STR mono-resistant isolates 
and pan-sus isolates. #Results from two-by-two comparison showed that the prevalence of Beijing genotype infection in the 
younger age group were more frequent than that in the 30~59 and ≥60 years group (the χ2 values were 7.224 and 9.112 
respectively; P values were 0.007 and 0.003, respectively). Numbers in bold P<0.05. 
Abbreviations: mr, mono-resistance; INH, isoniazid; RMP, rifampicin; STR, streptomycin; EMB, ethambutol.
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Table 2 The Distribution of Spoligotypes of 347 
Mycobacterium tuberculosis Isolates

Family (n, %) SIT Number No. of 
Strains (%)

Beijing (207, 59.7) 1 189 (54.5)

1162 2 (0.6)

1311 2 (0.6)

190 6 (1.7)

260 1 (0.3)

265 1 (0.3)

269 2 (0.6)

632 4 (1.2)

CAS (1, 0.3) 876 1 (0.3)

CAS1-Delhi (46, 13.3) 1203 1 (0.3)

25 15 (4.3)

26 13 (3.7)

357 14 (4.0)

381 2 (0.6)

952 1 (0.3)

Ural-2 (30, 8.6) 127 29 (8.4)

361 1 (0.3)

EAI (11, 3.2) 27 11 (3.2)

H1 (1, 0.3) 218 1 (0.3)

H3 (2, 0.6) 2087 2 (0.6)

LAM9 (2, 0.6) 42 2 (0.6)

T (1, 0.3) 78 1 (0.3)

T1 (12, 3.5) 118 1 (0.3)

1626 1 (0.3)

205 2 (0.6)

462 1 (0.3)

53 4 (1.2)

86 1 (0.3)

Orphan or New 2 (0.6)

T2 (5, 1.4) 515 1 (0.3)

52 2 (0.6)

888 1 (0.3)

Orphan or New 1 (0.3)

(Continued)
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Associations Between Drug-Susceptibility Patterns or Demographic Characteristics 
and Mycobacterium tuberculosis Genotypes
Statistical analysis on the 300 isolates tested for drug susceptibility revealed that the Beijing genotype showed 
higher proportions with INH, RMP or EMB resistance, or MDR or at least one drug resistance than non-Beijing 
genotype (all P values ≤0.05, Table 1). We also analyzed the distribution differences of Beijing genotype between 
mono-INH, mono-RMP or mono-STR resistant and pan-susceptible isolates, however, no significance difference 
was found. Of the total 347 cases, 74 cases were ≤30 years, 119 cases were between 30~59 years and 154 cases 
were ≥60 years, of which 56 (27.1%), 67 (32.4%) and 84 (40.6%) infected with Beijing genotype, respectively. 
The distribution of the Beijing genotype among the age groups showed statistically significant difference 
(P <0.05). We then performed a two-by-two comparison and found that the prevalence of Beijing genotype 
infection in the younger age group (≤30 years) were more frequent than the two older groups (both P values 
<0.05). The genotype distributions among groups with distinct sex, treatment histories or origin regions were not 
observed with statistically significant difference (all P values > 0.05). The results were shown in Table 1.

VNTR-15china Typing Results
Of the total 347 cases, the VNTR-15China typing revealed 283 different genotypes: 254 (73.20%) isolates had a unique 
VNTR profile and 93 (26.80%) isolates were grouped into 29 clusters. The largest cluster contained eight isolates of the 
Beijing genotype (SIT1). Whilst the other 28 clusters were composed of two to six isolates as following: four with six 
isolates, one with five isolates, one with four isolates, eight with three isolates, and 14 clusters with two isolates 
(Supplemental Figure S2). The clustering rate was 18.4%. We also explored the factors that contributed to the clustering 
of M. tuberculosis isolates based on VNTR-15China typing by Chi-square test, and found that the clustering rate was 
strongly associated with Beijing genotype isolates (OR 9.94, 95% CI: 4.79–20.63), MDR (OR 2.34, 95% CI: 1.21–4.52) 
and RMP resistance (OR 2.66, 95% CI: 1.11–6.35) (Table 3). Then the genotype and resistance were included in the 

Table 2 (Continued). 

Family (n, %) SIT Number No. of 
Strains (%)

T3 (3, 0.9) 2052 1 (0.3)

37 1 (0.3)

3139 1 (0.3)

Unknown or Not defined 
(26, 7.5)

602 1 (0.3)

Orphan or New 25 (7.2)

Abbreviation: SIT, spoligotype international type.

Table 3 Association Between the Clustering of the Mycobacterium tuberculosis Isolates 
Based on VNTR-15China Typing and Various Factors

Characteristics Total N (%) Clustered N (%) Odds Ratio (95% CI) P-value

Lineage

Non-Beijing 140 (40.3) 9 (6.4) Reference -

Beijing 207 (59.7) 84 (40.6) 9.94 (4.79–20.63) <0.001

(Continued)
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Table 3 (Continued). 

Characteristics Total N (%) Clustered N (%) Odds Ratio (95% CI) P-value

Case

New patients 170 (49.0) 41 (24.1) Reference -

Relapsed patients 177 (51.0) 52 (29.4) 1.28 (0.79–2.07) 0.309

Age group (yrs)

≤30 74 (21.3) 21 (28.4) Reference -

30–59 119 (34.3) 26 (21.8) 0.71 (0.36–1.37) 0.305

≥60 154 (44.4) 46 (29.9) 1.08 (0.58–1.98) 0.817

Sex

Female 186 (53.6) 45 (24.2) Reference -

Male 161 (46.4) 48 (29.8) 1.31 (0.81–2.11) 0.274

Region

Akesu 154 (44.40) 38 (24.7) Reference -

Kashgar 93 (26.80) 28 (30.1) 1.32 (0.74–2.34) 0.351

Hetian 67 (19.30) 14 (20.9) 0.81 (0.40–1.61) 0.543

aOthers 33 (9.50) 13 (39.4) 1.98 (0.90–4.37) 0.089

Drug resistance

Pan-sus 178 (59.5) 41 (23.0) Reference -

INHmr 31 (10.4) 6 (19.4) 0.80 (0.31–2.09) 0.651

RMPmr 3 (1.0) 2 (66.7) 6.68 (0.59–75.58) 0.125

STRmr 13 (4.3) 2 (15.4) 0.61 (0.13–2.85) 0.528

MDR 51 (17.1) 21 (41.2) 2.34 (1.21–4.52) 0.011

PDR 23 (7.7) 5 (21.7) 0.93 (0.33–2.65) 0.889

INH resistance

No 202 (67.3) 48 (23.8) Reference -

Yes 98 (32.7) 30 (30.6) 0.89 (0.44–1.80) 0.735

RMP resistance

No 239 (79.7) 53 (22.2) Reference -

Yes 61 (20.3) 25 (41.0) 2.66 (1.11–6.35) 0.028

STR resistance

No 262 (75.5) 65 (24.8) Reference -

Yes 85 (24.5) 28 (32.9) 0.62 (0.28–1.35) 0.228

EMB resistance

No 274 (91.3) 66 (24.1) Reference -

Yes 26 (8.7) 12 (46.2) 1.83 (0.66–5.09) 0.250

Notes: mr, mono-resistance; MDR, multi-drug resistance, means that the isolates were resistant to at least isoniazid 
and rifampicin; PDR, the isolates were resistant to more than one drug, but not MDR isolates; Pan-sus means that 
the isolates were susceptible to isoniazid, rifampicin, ethambutol and streptomycin; aother areas, include Kizilsu 
Kirgiz Autonomous Prefecture and Bayingolin Mongol Autonomous Prefecture. Numbers in bold P<0.05.
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multivariable logistic regression model for further analysis. The results showed that only Beijing genotype was the risk 
factor for the clustering of M. tuberculosis isolates (OR 9.15, 95% CI: 4.18–20.05) (Table 4).

In the present study, we tried to performed clustering analysis on the combined results of VNTR-15China typing and 43 
binary codes of spoligotyping. However, we found that the clustering result on the combined data was the same as that on 
the VNTR-15China typing data (Supplemental Figure S3).

To visualize and demonstrate the genetic linkages among the clusters, we constructed a MST based on the 
VNTR-15China typing data and 43 binary codes of spoligotyping using the BioNumerics software (Figure 1). From the 
MST, it was evident that most of the clusters of the same genotypes were close to each other. It was also apparent that 
one strikingly large cluster belonging to the Beijing family. The second large cluster belonging to the CAS1-Delhi. On 
the other hand, Ural-2, T1, T2, T3, H3, LAM9, T, H1 and H3 were close to each other that may be categorized as 
a cluster. Moreover, many isolates with Orphan or New patterns were scattered in the MST.

Discussion
Molecular epidemiology tools have been rarely applied in the control of TB in southern Xinjiang, China. In this study, we 
applied spoligotyping and VNTR-15China typing to characterize the genetic diversity of M. tuberculosis isolated from 
southern Xinjiang, China and explored its association with drug resistance and demographical characteristics. This is the 
first in-depth analysis on the molecular epidemiology of M. tuberculosis in this region and the results will provide clues 
for the TB control there.

Previous studies showed that the Beijing genotype of M. tuberculosis is the most prevalent in the national wide of 
China varied from 58.4% to 90.5%.22,27–33 The percentage of Beijing genotype isolates in the south of China was lower 
than that in the north.28 In this study, the spoligotyping results showed that the Beijing genotype is the predominant 
lineage in southern Xinjiang, accounting for 59.7% of the isolates, which is in line with the data from the south of China 
(53.2%), but lower than that from the northern China (76.5%).28 So, as a northwestern region, why southern Xinjiang 
showed similar prevalence frequency of Beijing genotype with the south of China needs further research. Several 
previous studies from Vietnam reported that the infection of Beijing genotype strains were more prevalent in young 
people,34,35 which was consistent with the results found in our study. For the higher prevalence of Beijing genotype in the 
younger people in southern Xinjiang, we speculated that compared with the elder people, the youngers were more active 
during work and life and have more chance to be infected with the Beijing genotype by contacting with people from 
other areas of China where Beijing genotype were prevalent. The second frequent family in our study was the CAS-type 

Table 4 Multivariable Logistic Regression Analysis on the Association Between the 
Clustering of Mycobacterium tuberculosis Isolates Based on VNTR-15China Typing and 
Various Factors

Characteristics Total N (%) Clustered N (%) Odds Ratio (95% CI) P-value

Genotype

Non-Beijing 125 (41.7) 8 (6.4) Reference

Beijing 175 (58.3) 70 (40.0) 9.15 (4.18–20.05) <0.001

Drug resistance

Non-MDR 249 (83.0) 57 (22.9) Reference

MDR 51 (17.0) 21 (41.2) 0.72 (0.16–3.36) 0.676

RMP resistance

No 239 (79.7) 53 (22.2) Reference

Yes 61 (20.3) 25 (41.0) 2.44 (0.57–10.43) 0.230

Note: Numbers in bold P<0.05.
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Ural-2
Not defined or unknown
T
T1
T2
T3
Beijing
CAS
CAS1-Delhi
H3
LAM9
H1
EAI

Figure 1 Minimum spanning tree (MST) based on the spoligotyping data of 347 M. tuberculosis isolates. Lines between nodes indicate genetic distance between genotypes. 
Portions in the circle divided by the lines indicated the number of the isolates belonging to a particular genotype. Classification of the isolates into different phylogenetic 
lineages is visualized by color coding.
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family (n=47, 13.6%), which was followed by Ural-2 family (n=30, 8.6%). The EAI, H1, H3, LAM9, T, T1, T2 and T3 
families were found with less frequencies in this region. In previous reports,36–38 the CAS family was found as the 
predominant genotype in the countries of Afghanistan, Pakistan and India. Xinjiang located in northwestern China, is 
a vast area composed of a variety of ethnic communities such as Uyghur, Han, Kazakh and Other ethnic groups. 
Meanwhile, Xinjiang shares geographic borders with Russia, Pakistan, India, Mongolia, Kyrgyzstan, Kazakhstan, 
Afghanistan, Tajikistan, and so on, and has frequent trading, tourism and/or migration between countries. All of such 
features may subsequently lead to the genotypic diversity of M. tuberculosis in southern Xinjiang.

In the present study, we also analyzed the association of Beijing genotype with drug resistance in M. tuberculosis 
isolates from southern Xinjiang, and found that the Beijing genotype has higher proportion of isolates resistant to INH 
(37.7% Vs 25.6%), RMP (26.3% Vs 12.0%), EMB (11.4% Vs 4.8%), MDR (22.9% Vs 8.8%) or to at least one of four 
drugs (45.7% Vs 33.6%) than the non-Beijing genotype. The association between Beijing genotype and MDR has been 
shown in many settings.39–41 Study from Hunan, China reported that Beijing genotype had a significantly higher 
proportion of MDR than the non-Beijing genotype (OR 3.28, 95% CI: 1.01–10.37), and also showed a higher risk for 
developing drug resistance to all four first-line drugs (OR 5.97, 95% CI 1.05–44.33).39 Studies from Nepal40 and 
Bangladesh41 found that the Beijing genotype had an important role in transmitting MDR-TB. Another systematic review 
also found that in Pakistan and Iran the Beijing genotype exhibited a strong and statistically significant association with 
drug resistance.42 However, studies from Beijing43 and Chongqing44 of China both reported that no significant associa-
tion was observed between the drug resistance and Beijing genotype. To exclude the possible confounding effects of 
MDR or PDR in a isolate, we analyzed the association of Beijing genotype with INH, RMP or STR resistance among the 
mono-INH, mono-RMP or mono-STR resistant and pan-susceptible isolates, however, no significant association was 
found. Even though, the sample size of mono-resistant isolates in the present study was small, and further studies with 
larger samples are needed. One limitation of the present study is that no second line drug resistance profiles of the 
isolates was acquired and we failed to find the association between the second line drug resistance and Beijing genotype. 
Anyway, the exact mechanism under the association of the Beijing genotype and drug resistance remains unresolved. 
Future studies should be conducted to determine why Beijing genotype accelerated the acquisition of drug resistance in 
some areas.

In our study, 347 M. tuberculosis isolates from southern Xinjiang were also analyzed by VNTR-15China typing, and 
283 genotypes were obtained. There were 254 isolates with unique genotypes. Previous literature showed that isolates 
with unique genotypes were considered as unrelated isolates and patients with these isolates were always recognized 
resulting from independent infection or endogenous recurrence, whilst isolates that shared the same genotype were 
considered clustered and were assumed to be epidemiologically linked, although the link may be indirect.45 The 
clustering rates can vary depending on study design and setting or any link to an outbreak, which complicates any 
comparison of clustering and transmission rate consistency across studies. Our data revealed that the clustering rate of 
M. tuberculosis isolates by VNTR-15China was 18.4%, while that from Xinjiang, China by VNTR-9 scheme and Deng 
et al was 7.39%,46 and by VNTR-15China and Liu et al was 37.30%.47 The differences in the clustering rates in Xinjiang, 
China may be due to the sample coverage and collection periods, the isolates of the other two reports maybe mainly from 
the northern Xinjiang region with few from the southern Xinjiang according to the isolate source hospital’s location and 
function: Deng et al46 collected isolates from May 2015 to April 2018 while Liu et al47 collected isolates from 2006 and 
2011, we collected the data from southern Xinjiang from 2017 to 2019. Other reports showed that the clustering rate from 
Yunnan Province, China by 12-locus VNTR was 23.6%.48 The clustering rate in the present study suggested that there 
was a relative high level of transmission in southern Xinjiang, however, the true transmission rate maybe lower if more 
loci were applied. In 18 out of the 29 clusters by the VNTR-15China typing, some patients in each cluster were further 
confirmed to own the same geographical origin, suggesting that genotyping combined with traditional tracing method 
will be an effective approach in identifying the transmission chain of M. tuberculosis isolates. We further found that the 
clustering rate was strongly associated with Beijing genotype (OR 9.15, 95% CI: 4.18–20.05), which was in line with 
previous studies from Peru.47–49

In the present study, the clustering rate of VNTR-15China typing was far lower than that of spoligotyping (18.4% Vs 
83.9%), and the addition of the 43 binary codes of spoligotyping to the VNTR-15China typing data did not change the 
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clustering rate of the latter. This result confirms that MIRU-VNTR has higher discriminatory than spoligotyping, which 
was in line with previous studies.50–52 The discriminatory level of spoligotyping is relatively low, and the genotypic 
clustering cannot be used to estimate TB transmission rates. Meanwhile, a previous study pointed out that the formation 
of clusters by MIRU-VNTR typing or spoligotyping was only an indicative of TB transmission, and the real TB 
transmission should be further confirmed by epidemiological linkage. It should be noticed that the clustering rates are 
not only due to the genotyping method, but also to the study subjects based on sampling or population, sample coverage 
and study duration. For example, the unique isolates might be clustered if some of the missing isolates had been available 
(eg, other cases with the same strain moved or located outside the study area were included). Though the clusters of 
M. tuberculosis by spoligotyping or MIRU-VNTR typing is an indicative of transmission, we could not uncover the 
timing of transmission events within a given cluster. Meehan et al14 reported that clusters based on spoligotyping could 
encompass transmission events that occurred almost 200 years prior to sampling, while 24-locus MIRU-VNTR typing 
often represented three decades of transmission and WGS based genotyping applying low SNP or cgMLST allele 
thresholds allows for determination of recent transmission events, eg in timespans of up to 10 years for a 5 SNP/allele 
cut-off. In 11 out of the 29 clusters by the VNTR-15China typing in the present study, we found that the isolates from the 
same cluster were from different geographical locations, similar phenomena have also been found in some earlier 
studies,41,53 further proving that clusters by MIRU-VNTR typing could not represent recent transmission and remote 
transmission maybe identified in a cluster. When classical genotyping methods are employed, contact tracing and/or 
WGS were suggested to imply to investigate potential transmission hotspots.14

In conclusion, our results revealed that Beijing genotype is the predominant genotype, associated with drug 
resistance, and was more likely to infect young people in southern Xinjiang, China. Meanwhile, the data showed the 
genotypic diversity of non-Beijing genotype in this region. In addition, we observed that Beijing genotype was more 
likely to contribute to the TB transmission in southern Xinjiang. The genotyping data are useful to map the population 
structure of M. tuberculosis in southern Xinjiang and to the TB Control Program in this region.
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