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Abstract

Background: Multidrug-resistant tuberculosis (MDR-TB) has become a great

threat to TB control around the world. In 2017, there were 889,000 new

tuberculosis cases in China, and 31.1% were MDR/RR-TB (TB resistant to

rifampicin). This study aims to explore the the molecular characteristics and

factors associated with infection among different genotype MDR strains in

Chongqing, China.

Methods: All the 230 MDR-TB isolates were genotyped using 24-loci

mycobacterial interspersed repetitive unite variable number tandem repeat (MIRU-

VNTR) method and multiplex real-time PCR melting curve assay of Rv2952 gene

and mutT2 gene. Polymorphism and clustering analysis of each locus was carried

out by BioNumerics Version 5.0.

Results: By genotyping, 83.0% (191/230) of the MDR-TB isolates were Beijing

strains, among which 41.9% from the ancient Beijing genotype and 58.1% from

the modern Beijing genotype. Based on 24-loci, the 230 MDR isolates were

classified into 208 genotypes, among which 38 isolates belonged to 16 clusters.

The clustering rate was 16.5%. The percentages of SM-resistant and EMB-

resistant in Beijing genotype were significantly higher than those in non-Beijing

genotype (P < 0.01). The Beijing genotype had a significantly high risk to be

clustered than non-Beijing genotype (p < 0.01). The percentages of SM-resistant

isolates in clustered group were significantly higher than non-clustered group (P <

0.01). According to 24-loci, the HGDI was 0.9988, and five loci (Qub11b, Qub26,

Mtub21, MIRU26, Mtub04) have high discriminatory power (HGDI > 0.6), while

7 loci (MIRU4, MIRU23, Mtub34, MIRU20, Mtub29, MIRU2, MIRU24) showed

negligible diversity (HGDI < 0.1). The percentage of clustered rate showed no

difference between 24-loci and 15-loci (p = 0.19).

Conclusion: Among MDR isolates in Chongqing China, Beijing genotype is more

likely to be drug resistant and clustered, and SM-resistant isolates are more likely

to be clustered that may related to the MDR epidemic. Although 24-loci had a high

resolution of genotype, some new loci should be found to replace the poor



diversity loci in 24-loci and additional analysis of specific sublineage of Beijing

genotype is needed in order to better understand the relations between the

molecular characteristics of strains and MDR-TB epidemic.

Keywords: tuberculosis, MDR-TB, 24-loci MIRU-VNTR, Beijing genotype,

transmission



Background

Tuberculosis (TB) caused by Mycobacterium tuberculosis (MTB) is the major

cause of morbidity and mortality worldwide especially in developing countries [1].

According to the 2018 WHO Global TB Report [2], TB caused an estimated 1.3

million deaths among HIV-negative people and there were an additional 300 000

deaths from TB among HIV-positive people in 2017. Globally, the best estimate is

that 10.0 million people developed TB disease in 2017. Furthermore, the

emergence of the multidrug-resistant tuberculosis (MDR-TB), defined as resistant

to at least isoniazid and rifampin, has become a great threat to TB control [3]. In

addtion, 3.5% of new TB cases and 18.0% of previously treated cases had MDR or

RR-TB (resistant to rifampicin). China accounted for 13.0% of the world’s cases of

MDR/RR-TB. In 2017, there were 889,000 new cases in China, of which the

incidence of MDR/RR-TB was 7.1% in new patients and 24.0% in retreated

patients, respectively [2].

Chongqing is the largest municipality located in southwestern China,

covering an area of 82,400 square kilometers and including a population of 30.75

million in 2017. The high prevalence of drug resistance among TB patients in

Chongqing has been a major challenge for TB control [4]. An epidemiological

study demonstrated that the rates of primary and acquired MDR-TB in Chongqing

were 3.8 and 26.9%, respectively [5]. Recently, the results of Yang’s study [6]

indicated that transmission of MDR strains plays a major role in the burden of

MDR-TB in Shanghai, China. Furthermore, most strains develop increased drug

resistance during the expansion of MDR-TB clusters. Therefore, understanding the

cause and transmission patterns of MDR-TB in Chongqing will be crucial to

inform effective public health actions to reduce local MDR-TB.

Molecular typing of MTB has been widely used to enhance our understanding

of the TB epidemic and determine the routes of transmission. Cases with

indistinguishable molecular characteristics of strains more likely contribute to

recent transmission, whereas cases caused by strains with unique fingerprints are

typically due to the reactivation of latent infection [7]. Recently, mycobacterial

interspersed repetitive unite variable number tandem repeat (MIRU-VNTR)

method, has been proven to be useful in investigating the genetic relationships and

epidemiology of MTB [8-10]. Unfortunately, few studies on the genetic diversity



of MDR strains has been performed in this region. In this study, we aimed to

determine the genetic diversity, the molecular characteristics, and recent

transmission pattern of MDR-TB in Chongqing China using 24-loci MIRU-VNTR

technique.



Results

Characteristics of the Study Patients and Strains

A total of 230 MDR isolates from Chongqing Municipality were enrolled in this

study. Chongqing is located in Southwest of China and contains 39 districts and

counties（ fig.1） , of which 14 state-level poverty-stricken areas are in the

suburbs[4]. Among these MDR strains, 174(75.7%) isolates were from males and

56(24.3%) from females, ranging in age from 17 to 79 years. And 85 isolates were

from new cases and 145 were from re-treated cases.

Factors Associated With Infection With Beijing Strains

Among the 230 MDR isolates, 191 strains (83.0%) were classified into Beijing

family with a single point mutation in the Rv2952 gene, while the other 39 (17.0%)

without a single point mutation in Rv2952 were belonged to non-Beijing family.

As shown in Table 3, the percentages of SM-resistant, EMB-resistant in Beijing

genotype were significantly higher than non-Beijing genotype (79.6% vs. 30.8%

for SM; 41.4% vs. 12.8% for EMB, P < 0.01), while the percentages of the other

drug (including OFX, KM, CM, AM, PTO, PAS, PRE-XDR and XDR)

susceptibility profiles showed no difference between Beijing genotype and non-

Beijing genotype. In addition, 55 (23.9%) of isolates were from downtown of

Chongqing and 175 (76.1%) were from surrounding areas including Middle,

Southwest, Southeast and Northeast districts. Compared with downtown, isolates

from Southwest is less likely to be Beijing genotype (OR, 0.34 95%CI, 10.13 to

0.94; P = 0.03). While other districts of Chongqing and several social

characteristics such as sex, age and treatment history showed no difference

between Beijing genotype and non-Beijing genotype.

Factors Associated With Infection by Beijing Strain Sublineages

By detecting the mutT2 gene, the191 Beijing genotype strains were further

identified as 80 ancient Beijing genotype (41.9%) strains and 111 modern Beijing

genotype (58.1%) (table 4). Among 80 ancient Beijing genotype strains, 17 strains



(21.2%) were from female and 63 strains (78.8%) were from male, 31 strains

(38.8%) were from new cases and 49 strains (61.3%) were from re-treated cases.

As for geographical distribution characteristics, isolates from Southeast district is

more likely to be modern Beijing genotype compared to those from downtown (OR,

3.84 95%CI, 1.09 to 13.49; P = 0.03). In addition, statistical analysis revealed that

no difference was observed among other characteristics between ancient Beijing

genotype and modern Beijing genotype.

MIRU-VNTR

According to 24-loci MIRU-VNTR method, strains were categorized into different

groups. In this study, five loci (Qub11b, Qub26, Mtub21, MIRU26 and Mtub04)

identified to have high discriminatory power (HGDI > 0.6). While Qub4156,

MIRU31, MIRU40, MIRU39, MIRU10, Mtub39 had moderate discriminatory

power (0.3 ≦ HGDI ≦ 0.6), and the other 13 loci were identified to have poor

discriminatory power (HGDI < 0.3), among which seven loci’s ( MIRU4, MIRU23,

Mtub34, MIRU20, Mtub29, MIRU2 and MIRU24) diversity were less than 0.1.

Especially MIRU2 and MIRU24 had no discriminatory power (HGDI = 0.0) (table

5). The total HGDI for all loci was 0.9988. The phylogenetic tree was constructed

based on VNTR typing data (Fig.2). The 230 MDR isolates were classified into

208 genotypes (H37Rv as a control strain) based on 24-loci MIRU-VNTR. Among

the 208 genotypes, 192 isolates harbored a unique pattern, while the other 38

isolates belonged to 16 clusters (2 - 5 isolates per cluster), all of which were

Beijing genotypes. And the cumulative clustering rate was 16.5% (38/230). In

addition, the 230 MDR isolates were classified into 201 genotypes based on 15-

loci MIRU-VNTR, of which 181 harbored a unique pattern. While the remain 49

isolates were groups into 20 clusters ((2 - 5 isolates per cluster), and the

cumulative clustering rate was 21.3% (49/230). The percentage of cluster rate

showed no difference between 24-loci and 15-loci MIRU-VNTR method (P=0.19,

table 6).

Factors Associated With Infection with cluster strains

As shown in Table 7, the average age of the patients was 45.4 years old (range 17–



79years), and the patients in ≧60 group had a significantly lower risk of being

clustered than those in≦ 40 group (OR, 0.34; 95%CI, 0.12 to 0.99; P= 0.04). The

total of clustered 38 isolates belonged to Beijing genotypes. Therefore the isolates

from Beijing genotypes had a significantly high risk to be clustered than those

from non-Beijing genotypes (p < 0.01). The percentages of SM-resistant isolates in

Clustered group were significantly higher than non-Clustered group (94.7% vs.

66.7%; P < 0.01), While statistical analysis revealed that no difference was

observed among other characteristics between Clustered and non-Clustered

isolates.



Discussion

MTB comprises seven lineages [11]. Lineage 2, known as the East-Asian lineage,

includes the Beijing family and predominates in East Asia [12]. Previous studies

had shown that Beijing lineage was predominant in China, followed by Euro-

American lineage [13-15]. However, the rate of Beijing genotype among MDR

isolates is unequal among the different regions of China ranging from 73.3% to

93.3% [16]. Similar with the literature reports, Our data demonstrates that Beijing

family strain (83.0%) is still the predominant MDR-TB genotype in Chongqing.

Moreover, the present study aslo finds that Beijing genotype are more likely to be

clustered strains than non-Beijing genotype (table 7), which demonstrates the

Beijng genotype has more ability to transmit in population. This might be

attributed to Beijing strains could escape from the protective effect of BCG

vaccine, as well as their efficient dissemination or increased virulence [17-19].

Numerous studies had reported that Beijing family had a close relationship

with drug resistance[13,15,20-21], which might be responsible for the high

incidence of speading the Beijing MDR strians in this region. However some

epidemiology studies showed the inconsistent results that there was no significant

difference in the proportion of drug resistance between Beijing and non-Beijing

family[13,17,22]. In line with the former study, our studies showed that SM-

resistant and EMB-resistant MDR isolates had significant associates with Beijing

family, which indicated Beijing MDR strains may be correlated with high

virulence and easy transmission. Several studies showed that the non-Beijing

family presented higher SM-resistant than Bejing [13,23-24] as non-Beijing family

comprised a large number of sublineages. In contrast to those studies, we found

that the Beijing family presented higher SM resistance than non-Bejing family.

Our results are in agreement with studies performed by Buu et al.[25], Zhou et

al.[15], respectively. Streptomycin was the first antibiotic used to treat tuberculosis

from 1947 in China[26-27]. Unfortunately, patients treated with streptomycin as a

mono therapy frequently developed into drug resistance. Although other drugs had

been combined into the treatment, standardised treatment was a strong selective

pressure which could promote the SM-resistant or EMB-rsistant MDR strains

transmission. Zhou [15] observed a higher level of resistance to SM in Beijing

lineage and Euro-American sublineage 3. And in this study, we also found that



SM-resistant MDR isolates are more likely to be clustered strains (table7), which

might be the major recent transmission pattern and even might cause MDR

epidemic in near future. These findings further demonstrates Beijing genotype

MDR strains appears to have a higher potential to be SM-resistant than non-

Beijing MDR, which was benefit to their survival and dissemination, and this

provides another reason why the Beijing lineage was the predominant lineage in

most areas of China.

Beijing genotype strains have two major evolutionary lineages, ancient and

modern Beijing genotypes [16]. Recent studies showed that the modern Beijing

strains were the most widely disseminated Beijing strains [16-17,28] in China,

might be this sublineage had an advantage in its ability to spread [29]. Our study

was in agreement with the previous study. And we also found the isolates from

southeast district is more likely to be modern Beijing genotype compared to those

from downtown (table 4). This might be related to the large number of ethnic

minorities in southeastern Chongqing. Zhang[16]et el. revealed that ancient

Beijing genotype was significantly associated with KAN and XDR resistance.

However, the present study did not demonstrate that the ancient Beijing MDR

strains were more likely to be drug resistant than the modern Beijing MDR strains.

The reason for this result might be the poor discriminatory power on just ancient

and modern sublineages. As known that the ancient Beijing sublineage could be

further classified into ST11, ST26, ST3, ST25, ST19, STK sublineages, and

modern sublineage could be further divided into ST10 and ST22 sublineages [30],

which exhibit diverse correlation with drug resistance. Tomotada et al.[30] found

ST19 sublineage was significantly underrepresented in the MDR/XDR populations,

as well as ST26 and ST3 sublineages were significantly overrepresented in the

population of MDR/XDR strains. Therefore further molecular epidemiology

analysis based on more specific sublineages of ancient and modern Beijing strains

will help us to investigate the relationship between genotype and drug resistance

among MDR isolates. MIRU-VNTR as a genotyping technique has been used in

epidemiology studies and its stability is found to be adequate for tracking recent

transmission and distinguishing relapses and re-infections. MIRU-VNTR is a

Polymerase Chain Reaction (PCR) based method [31]. This method was found to

be adequate for large-scale prospective studies but still lacked the discriminatory

power of IS6110-RFLP which provides high discriminatory power for high copy

https://www.ncbi.nlm.nih.gov/pubmed/?term=Iwamoto%20T%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=18694954


number isolates [31-32]. In 2006, an expanded set of 24 MIRU loci proposed by

Supply [33], has a higher level of discriminatory power, which could be used for

the large number of samples and long-term population, and recent strain evolution.

Based on 24-loci technique, 5 loci (Qub11b, Qub26, Mtub21, MIRU26 and

Mtub04) showed a higher diversity in our study, which had a similar result in a

previous study as well [34-36]. While there were 7 loci ( MIRU4, MIRU23,

Mtub34, MIRU20, Mtub29, MIRU2 and MIRU24) among the 24 sets showed

negligible diversity (HGDI < 0.1). Except for MIRU4 , the other 6 loci are not the

detection indicators of 15-loci technique. Therefore, 15-loci MIRU-VNTR was

also used to analyzed this data and compared with 24-loci. In present study, 24-

loci had high resolution than 15-loci, that a total of 230 MDR-TB isolates were

classified into 208 genotypes by 24-loci compared to 201 genotypes by 15-loci and

the total HGDI for 24-loci was 0.9988 compared to 15-loci was 0.9884. But the

clustering rate of 24-loci has no statistical difference compared to15-loci (P =

0.19) . According to previous study, 15-loci had been widely used in China for

MTB genotyping with high resolution [12,37-39]. Studies had suggested that all 24

loci are not required for genotyping MTB strains in any given situation [33].

Therefore the 15-loci combined with or without other high resolution loci as the

first-line genotyping of MDR-TB isolates might be effective in Chongqing, and the

higher discriminatory power provided by the 24-loci could used for long-term,

nation-wide surveillance.

In the study the clustering rate was 16.5% based on data from 24-loci, which

was lower than that reported in some developed countries [40-41], as well as some

other regions of China [6,12,16]. For example, a study[6] conducted 73% patients

with MDR tuberculosis probably had transmission of MDR strains in Shanghai,

China. The proportion of recent transmission was relatively low in our study,

might be the study area located in a poorer and less developed region of China

with poorer traffic condition, lower in population density and population mobility

than other international commercial cities such as Shanghai, indicating some

MDR-TB cases in Chongqing are likely due to the reactivation of latent infection

recently.

Several previous studies demonstrated that the Beijing genotype is associated

with young patients [35,42], while researchers from other countries had different

opinion [43]. In line with the latter results, we found that age wasn’t a risk factor



for infection with Beijing MDR strains. But interestingly, in our study, clustered

strains were significantly associated with a patient age, suggesting recent

transmission of Beijing MDR strains in the younger population. This result was

also consistent with another study in China [34]. For one reason, younger people

experience more frequent social interactions than the old. Meanwhile, we found

that clustered isolates mainly emerged in the downtown and the northeast areas

(65.7% ), where the traffic condition and economy are more developed than other

districts, which can provide more employment opportunities and social activities.

Therefore interactions activities depended on the age, local economy and traffic

condition might be a factor associated with MDR strains infection.

Limitations

Our study has some limitations. First, samples were collected over a short time

period, which may result in a relatively small sample size with high homology. A

long-term cohort study can solve this problem. Second, there is a high proportion

of the Beijing genotype strains in Chongqing, as well as in China. We had study

the differences of characteristics between ancient and modern Beijing genotype

MDR strains. However we didn’t analyzed the differences based on a more

specific sublineage such as ST11, ST26, ST3, ST25, and so on. So we lack the

necessary information to clearly explain the relationship between the molecular

characteristics of MDR-TB isolates and drug resistance.

ê
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Conclusion

Beijing family as the predominant genotype of MDR-TB isolates in Chongqing

reveals a significant correction with SM-resistant and EMB-resistant, and has a

higher proportion of clustered strains, which reflects the major transmission

pattern in this area. Moreover SM-resistant MDR isolates are more likely to be

clustered strain which may result in MDR transmission. Therefore, it is very

necessary to investigate the potential molecular mechanism of drug resistance in

Beijing MDR isolates, and the local health institutions should pay more attention

to the therapeutic regimen of the MDR-TB patients infected with Beijing strains.

In addition, 24-loci MIRU-VNTR had a high resolution of genotype among

MDR-TB isolates, however it had no obvious advantage over 15-loci technique.

Some new loci should be found to replace the poor diversity loci in 24-loci in

order to better understand the relations between the molecular characteristics of

strains and MDR-TB epidemic.



Methods

Strains. 230 MDR-TB isolates, identified by conventional drug susceptibility

testing (DST), were chosen from 968 smear-positive MTB isolates which were

registered at local TB control agencies between January 2015 to June 2017 from

39 Districts of Chongqing Municipality, China. The standard strain of M.tb

H37Rv (ATCC27294) came from the National Tuberculosis Reference

Laboratory of CDC in China. According to the drug treatment history, the MDR-

TB cases were divided into 2 patterns：new cases and re-treated cases, based on

the China TB control program implementation guide (2008). New case, patients

who have never been treated with anti-tuberculosis drugs for tuberculosis (except

for other diseases), or patients who are undergoing standard anti-tuberculosis

treatment but have not completed the course of treatment,or patients who are

undergoing irregular anti-tuberculosis treatment less than 1 month. Re-treated

cases, patients who have been treated with anti-tuberculosis drugs irregularly for

more than 1 month or patients who failed in initial treatment or relapsed.

Drug susceptibility testing Drug susceptibility testing (DST) was performed

using the Löwenstein-Jensen (L-J) proportion method (PM) [44]. The critical

concentrations of drugs in L-J medium were as follows: 0.2 μg/ml for isoniazid

(INH), 40 μg/ml for rifampicin (RIF), 4 μg/ml for Streptomycin (SM), 2 μg/ml for

Ethambutol (EMB), 2 μg/ml for ofloxacin (OFX), 30 μg/ml for kanamycin (KM),

40 μg/ml for capromycin (CM), 40 μg/ml for protionamide (PTO), 1 μg/ml for p-

aminosalicylic acid (PAS) and 30 μg/ml for amikacin (AM) [13]. Results were

read 28 days after inoculation and H37Rv was used as a control. A strain was

declared resistant to an antimicrobial agent when the growth rate exceeded 1%

compared with the control. The MDR-TB strains were defined as those resistant to

both isoniazid and rifampicin. In addition, PRE-XDR is defined as MDR with

additional resistance to either a fluoroquinolone (FQ) or an injectable (kanamycin,

amikacin,or capreomycin), but not to both a FQ and an injectable and XDR is

defined as MDR strains resistant to any FQ, and at least one of three second-line

injectable drugs (capreomycin, kanamycin,and amikacin) [13].



i

Genomic DNA extraction The colonies from the surface of L-J medium were

suspended in 500 μl Tris-EDTA (TE) buffer and heated in a 95°C water bath for

30 min. Genomic gene was extracted by a conventional method [16,45]. The

DNA in the supernatant was used for real-time polymerase chain reaction (PCR)

amplification.

Genotyping Multiplex real-time PCR melting curve assay of Rv2952 gene and

mutT2 gene was performed to distinguish Beijing genotype from non-Beijing

genotype, as well as modern Beijing sublineage from ancient Beijing sublineage

[17,46-49]. The strains with a mutation in the Rv2952 gene were classified to

Beijing genotype, while the others without a mutation belonged to non-Beijing

genotype. And the strains with a mutation of mutT2 were defined as a modern

Beijing sublineage. Strains without a mutation in mutT2 were classified as a

ancient Beijing sublineage [17,50-52]. PCR primers for amplification Rv2952 and

mutT2 genes were showed in table1. In addition, all the MDR isolates were

genotyped using the classical 24-loci MIRU-VNTR method described by

Supplyet al.[33] and the primers were showed in table 2. The PCR products were

analyzed with 1.5% agarose electrophoresis at 5 V/cm for 1 h using 100bp and

50bp DNA ladder (Genestar, Beijing, China) as a size marker. The amplicons of

H37Rv were loaded per 8 lanes as an additional control for accuracy. The

corresponding number at each locus was calculated according to the repeat and

flank length. Polymorphism and cluster analysis of each locus was carried out by

BioNumerics Version 5.0. A cluster was defined as two or more isolates from

different patients with identical MIRU patterns, whereas non-clustered patterns

were referred to as unique. The Hunter–Gaston discrimination index (HGDI) was

used to estimate the discriminatory power of the MIRU-VNTR genotyping

method. HGDI= )1(
)1(

11
1


 


j

s

j
j nn

NN
, where N is the total number of strains,

nj is the number of strains of the j genotype, and s is the MIRU-VNTR locus

genotype number [53]. Statistical analysis The Pearson chi-square test or Fisher

exact tests, as appropriate, for univariate analysis of categorical variables. And

the statistical results were summarized with odds ratios (ORs) with 95%

confidence intervals (CIs). Two-sided P values of <0.05 was considered

statistically significant. All calculations were performed in SPSS 22.0 (SPSS Inc.,



USA).
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Figure legends

Fig 1: Map of Chongqing China showing the distribution of 230 MDR-TB isolates in this

study. There are 5 regions in Chongqing represented by different colors. The downtown

consists of nine districts: Shapingba, Banan, Jiulongpo, Dadukou, Beibei, Yuzhong,

Jiangbei, Nanan and Yubei. Southwest region includes 11 districts: Yongchuan Bishan,

Dazu, Rongchang, Tongliang, Hechuan, Jiangjin, Qijiang, Wansheng, Nanchuan, Tongnan.

Middle area consists four districts: Changshou, Dianjiang, Fengdu, Fuling. Northeast area

consists nine districts: Kaizhou, Liangping, Zhongxian, Wanzhou, Yunyang, Fengjie, Wuxi,

Chengkou, Wushan. Southeast area consists six districts: Wulong, Shizhu, Pengshui,

Youyang, Xiushan, Qianjiang.

Notes: The original image of Figure 1 is from Web Site 1 and Web Site 2, and we made

some modifications.

Web Site 1:

https://image.baidu.com/search/detail?ct=503316480&z=0&ipn=d&word=%E9%87%8D

%E5%BA%86%20%E5%92%8C%E4%B8%AD%E5%9B%BD%E5%9C%B0%E5%9B

%BE&hs=2&pn=3&spn=0&di=10790737980&pi=0&rn=1&tn=baiduimagedetail&is=0%

2C0&ie=utf-8&oe=utf-8&cl=2&lm=-

1&cs=3825423622%2C852785969&os=1463718519%2C1446561953&simid=0%2C0&a

dpicid=0&lpn=0&ln=30&fr=ala&fm=&sme=&cg=&bdtype=0&oriquery=%E9%87%8D%

E5%BA%86%20%E5%92%8C%E4%B8%AD%E5%9B%BD%E5%9C%B0%E5%9B%B

E&objurl=http%3A%2F%2Fgss0.baidu.com%2F-

vo3dSag_xI4khGko9WTAnF6hhy%2Fzhidao%2Fpic%2Fitem%2Fb219ebc4b74543a94f3

ae22a1a178a82b9011436.jpg&fromurl=ippr_z2C%24qAzdH3FAzdH3Fzit1w5_z%26e3B

kwt17_z%26e3Bv54AzdH3Fq7jfpt5gAzdH3Fdcdm9bna9_z%26e3Bip4s&gsm=0&islist=

&querylist=

Web Site 2:

https://image.baidu.com/search/detail?ct=503316480&z=0&ipn=d&word=%E9%87%8D

%E5%BA%86%E5%9C%B0%E5%9B%BE&step_word=&hs=2&pn=21&spn=0&di=330

00&pi=0&rn=1&tn=baiduimagedetail&is=0%2C0&istype=2&ie=utf-8&oe=utf-

8&in=&cl=2&lm=-1&st=-

1&cs=1263513285%2C1720056170&os=1893169726%2C1383123119&simid=35508099



01%2C545928110&adpicid=0&lpn=0&ln=1316&fr=&fmq=1552785966240_R&fm=detai

l&ic=&s=undefined&hd=&latest=&copyright=&se=&sme=&tab=0&width=&height=&fa

ce=undefined&ist=&jit=&cg=&bdtype=0&oriquery=&objurl=http%3A%2F%2Fi.weather.

com.cn%2Fimages%2Fchongqing%2Fgdxw%2F2012%2F02%2F08%2F489BF9A5C015

AAB1F95DF940328FBF7B.png&fromurl=ippr_z2C%24qAzdH3FAzdH3Fooo_z%26e3B

ojwpij6_z%26e3Bv54_z%26e3BvgAzdH3Fvi5g2qtg2AzdH3F21xoAzdH3FadAzdH3F8cll

ml8_z%26e3Bfip4s&gsm=0&rpstart=0&rpnum=0&islist=&querylist=&force=undefined

Fig2：Dendrogram of 230 MDR isolates. The phylogenetic tree was generated from the

MIRU-VNTR profile. Clustered isolates were in red pane.



Figures

Figure 1

Map of Chongqing China showing the distribution of 230 MDR-TB isolates in this study. There are 5
regions in Chongqing represented by different colors. The downtown consists of nine districts:
Shapingba, Banan, Jiulongpo, Dadukou, Beibei, Yuzhong, Jiangbei, Nanan and Yubei. Southwest region
includes 11 districts: Yongchuan Bishan, Dazu, Rongchang, Tongliang, Hechuan, Jiangjin, Qijiang,
Wansheng, Nanchuan, Tongnan. Middle area consists four districts: Changshou, Dianjiang, Fengdu,
Fuling. Northeast area consists nine districts: Kaizhou, Liangping, Zhongxian, Wanzhou, Yunyang,
Fengjie, Wuxi, Chengkou, Wushan. Southeast area consists six districts: Wulong, Shizhu, Pengshui,
Youyang, Xiushan, Qianjiang. Notes: The original image of Figure 1 is from Web Site 1 and Web Site 2,
and we made some modi�cations. Web Site 1: https://image.baidu.com/search/detail?
ct=503316480&z=0&ipn=d&word=%E9%87%8D
%E5%BA%86%20%E5%92%8C%E4%B8%AD%E5%9B%BD%E5%9C%B0%E5%9B
%BE&hs=2&pn=3&spn=0&di=10790737980&pi=0&rn=1&tn=baiduimagedetail&is=0% 2C0&ie=utf-



8&oe=utf-8&cl=2&lm=-
1&cs=3825423622%2C852785969&os=1463718519%2C1446561953&simid=0%2C0&a
dpicid=0&lpn=0&ln=30&fr=ala&fm=&sme=&cg=&bdtype=0&oriquery=%E9%87%8D%
E5%BA%86%20%E5%92%8C%E4%B8%AD%E5%9B%BD%E5%9C%B0%E5%9B%B
E&objurl=http%3A%2F%2Fgss0.baidu.com%2Fvo3dSag_
xI4khGko9WTAnF6hhy%2Fzhidao%2Fpic%2Fitem%2Fb219ebc4b74543a94f3
ae22a1a178a82b9011436.jpg&fromurl=ippr_z2C%24qAzdH3FAzdH3Fzit1w5_z%26e3B
kwt17_z%26e3Bv54AzdH3Fq7jfpt5gAzdH3Fdcdm9bna9_z%26e3Bip4s&gsm=0&islist= &querylist= Web
Site 2: https://image.baidu.com/search/detail?ct=503316480&z=0&ipn=d&word=%E9%87%8D
%E5%BA%86%E5%9C%B0%E5%9B%BE&step_word=&hs=2&pn=21&spn=0&di=330
00&pi=0&rn=1&tn=baiduimagedetail&is=0%2C0&istype=2&ie=utf-8&oe=utf- 8&in=&cl=2&lm=-1&st=-
1&cs=1263513285%2C1720056170&os=1893169726%2C1383123119&simid=35508099
01%2C545928110&adpicid=0&lpn=0&ln=1316&fr=&fmq=1552785966240_R&fm=detai
l&ic=&s=unde�ned&hd=&latest=&copyright=&se=&sme=&tab=0&width=&height=&fa
ce=unde�ned&ist=&jit=&cg=&bdtype=0&oriquery=&objurl=http%3A%2F%2Fi.weather.
com.cn%2Fimages%2Fchongqing%2Fgdxw%2F2012%2F02%2F08%2F489BF9A5C015
AAB1F95DF940328FBF7B.png&fromurl=ippr_z2C%24qAzdH3FAzdH3Fooo_z%26e3B
ojwpij6_z%26e3Bv54_z%26e3BvgAzdH3Fvi5g2qtg2AzdH3F21xoAzdH3FadAzdH3F8cll
ml8_z%26e3B�p4s&gsm=0&rpstart=0&rpnum=0&islist=&querylist=&force=unde�ned. Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.



Figure 2

Dendrogram of 230 MDR isolates. The phylogenetic tree was generated from the MIRU-VNTR pro�le.
Clustered isolates were in red pane.
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