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Introduction

Against the backdrop of the COVID-19 pandemic, 
tuberculosis (TB) remains one of the leading causes of 
mortality throughout the world (1). The WHO End TB 

Strategy aims to reduce TB deaths by 95% and new TB cases 

by 90% from 2015 to 2035 (2). TB is the top disease killer 

worldwide due to a single infectious agent, which kills one 

person every 21 s on average. There were ∼10 million cases 
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and ∼1.5 million attributed deaths in 2018 alone, among 
there were 866,000 of TB in China, ranking the country 
second among 30 countries with a high TB burden (3). The 
incidence rate in Xinjiang has been reported to be close to 
1/10,000, which is far higher than that of 1/100,000 in other 
parts of China (4). For Xinjiang, a province with one of the 
highest TB burdens, it is of great urgency to advance the 
prevention and control of TB.

TB is a malignant infectious disease, which major caused 
by airborne pathogen Mycobacterium tuberculosis (M.tb). After 
inhalation, M.tb reaches the alveolar space and is bathed 
in alveolar lining fluid (ALF). The high relapse rate is the 
main reason why TB is difficult to cure. Over the course 
of its evolution, M.tb has gradually accumulated specific 
variations that can be divided into 7 lineages (L1 to L9) (5). 
Different lineages of M.tb manifest in a variety of distinctive 
clinical profiles in the population. L2 is associated with 
relapse, fever, and treatment failure (6-9), as well as a higher 
resistance than that of L1 or L3 (10). L3 can evade the 
body’s immune response due to its slower growth rate and 
reduced ability to induce pro-inflammatory factors, thereby 
maintaining its infectiousness in the population (11,12). 
L4 has a high capacity for reproduction and transmission, 
leading to its wide global distribution (13).

M.tb members evolved from a common ancestor through 
successive DNA deletions and insertions. Fifteen regions 
of difference (RD1–15) have been identified by genome 
alignment, which may lead to differences in pathogenicity. 
The pathogenicity of M.tb is also affected by virulence 
genes. There are currently more than 300 known virulence 
genes of M.tb, some of which are located in RD1–15. 
Mutations in these genes may influence the phenotype and 
pathogenicity of M.tb. One study showed that when mice 
were infected with H37Rv mutants (deletion of RD2), the 
number of bacteria in the lungs and the degree of lung 
injury were relatively low and survival time was increased, 
i.e., the deletion of RD2 changed the pathogenic ability of 
M.tb (14). Based on M.tb genomics, Meumann et al. (15) 
found that BacA and Rv2326c mutations might be associated 
with TB relapse. In strains clinically isolated from patients 
with relapsed TB, Witney et al. (16) discovered a total of  
12 nonsynonymous single-nucleotide polymorphisms 
(SNPs), of which 2 were located on eccB3 and McE1B 
and related to the pathogenicity of M.tb. M.tb RD region 
virulence genes affect the pathogenicity of strains (17,18). 
The definition of “virulence” is still widely discussed and its 
defining parameters and conditions are unsettled. Here it 
means the ability of a pathogen to cause disease, overcome 

the host resistance mechanism via invasion and adhesion 
to host cells, and adapt to hostile environments, including 
immune response modulation (19). This heterogeneity that 
exists among M.tb strains has an impact on immunogenicity 
and virulence (20). Therefore, the study of virulence 
genes in RD regions can help to identify differences in 
pathogenicity between the different lineages.

This study collected 155 clinical strains from TB patients 
with the same genetic background and the same treatment 
conditions in Kashgar Prefecture, Xinjiang. Whole-genome 
sequencing (WGS) was conducted, and the virulence gene 
SNP in the RD region was analyzed. The correlation 
between M.tb lineage and TB recurrence and the virulence 
gene SNP of the RD region were analyzed to clarify the 
molecular mechanism of relapse after M.tb infection. For 
the first time, 3 virulence genes found in the RD region of 
M.tb were found to be associated with SNP recurrence. The 
variation of these loci is an important risk factor leading to 
recurrence. It is found that the variation of these three loci 
is more common in L2 pedigree and also exists in other 
pedigrees. In other words, patients infected with L2 are 
more likely to relapse. The virulence gene variation in RD 
region is an important factor of strong pathogenicity and 
easy recurrence after L2 infection. The results provide basic 
research data for the prevention and control of TB and the 
development of new treatment methods. We present the 
following article in accordance with the MDAR reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-21-6863/rc).

Methods

Samples

Patients with TB treated in Kashgar Prefecture from 
January to December 2019 were diagnosed by etiology, 
drug sensitivity testing (rifampicin, isoniazid) and interferon 
gamma release assay (IGRA) clinical testing. A total of 
155 patients with TB were enrolled, including 131 initial 
treatment patients and 24 relapsed patients, and clinical 
strains of M.tb were collected after sputum culture. The 
patients’ clinical data are shown in Table S1. This study 
has been carried out in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was approved 
by the ethics committee of The First People’s Hospital of 
Kashgar (approval number: 2020, No. 55 and 2020, No. 58).  
Written informed consent was obtained from patients for 
the collection and use of the samples.

https://atm.amegroups.com/article/view/10.21037/atm-21-6863/rc
https://atm.amegroups.com/article/view/10.21037/atm-21-6863/rc
https://cdn.amegroups.cn/static/public/ATM-21-6863-Supplementary.pdf
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WGS

DNA extraction was performed using a magnetic bead 
extraction kit (MGIEasy, 1000006988, MGI Tech Co., Ltd., 
Shenzhen, China). A Qubit 3.0 Fluorometer (Q33216, 
Thermo Fisher Scientific, Waltham, MA, USA) was used 
for nucleic acid quantification. An MGIEasy FS DNA 
Library Prep Kit (MGIEasy, V1.0, 1000006988, MGI Tech 
Co., Ltd.) was used to construct the library. Agilent 2100 
Bioanalyze (G2939AA, Agilent Technologies, Santa Clara, 
CA, USA) was used to detect the size of DNA fragments, 
and Qubit 3.0 was used to quantify the library. The WGS 
was performed on the MGISEQ-2000 platform (paired-
ends, 100 bp; MGI Tech Co., Ltd.), with an average 
sequencing depth of 112×.

WGS data analysis and annotation

The quality of the raw reads was checked using FastQC 
version 0.11.8 toolkit (Babraham Bioinformatics, Cambridge, 
UK) followed by trimming of adapters, low-quality bases 
with a Phred quality score of less than 20, and fragments 
with a large fluctuation at the beginning of each sequence. 
Reads shorter than 30 bp were excluded from the downstream 
analysis, and the effective sequence length of reads was 
controlled at about 80 bp. The depth function of Samtools 
version 1.10 (21) was used to count the base coverage of the 
M.tb genome. Samples with a coverage of more than 95% 
were qualified for data sequencing. Reads were then mapped 
on to the reconstructed ancestral sequence of M.tb (22) using 
the Burrows-Wheeler Aligner Tool (BWA) version 0.7.17 (23).  
There is no reconstruction available for an ancestral M.tb 
chromosome; therefore, the chromosome coordinates and the 
annotation used was that of H37Rv. Duplicated reads were 
marked by the MarkDuplicates module of Picard version 1.119 
(http://broadinstitute.github.io/picard/) and excluded, which 
of extra reads generated by polymerase chain reaction (PCR). 
Variant SNPs and insertion/deletions (in/dels) were called 
from each alignment file using Strelka2 version 2.9.10 (24). All 
SNPs were annotated using ANNOVAR version 2.1.1 (25), in 
accordance with the M.tb H37Rv reference annotation. The 
annotation consisted of the amino acid changes at the SNP 
site, the position information of the antigen peptide, and the 
gene name and Rv number.

Phylogenetic analysis 

The complete genome data of 11 M.tb were obtained 

from the National Center for Biotechnology Information 
(NCBI). The dataset consisted of 13 complete genomes, 
available under accessions, including H37Rv (NC_000962.3, 
L4), HN-024 (AP018033.1, L1), 2242 (CP010335.1, L2), 
2279 (CP010336.1, L2), 26105 (CP010340.1, L3), 22115 
(CP010337.1, L4), UT307 (NZ_CP014617.1, L5), 25 
(CP010334.1, L6), MAL010084 (KK338758.1, L6), 30 
(CP010332.1, lineage animal), and BCG-26 (CP010331.1, 
lineage animal). Alignment of the other M.tb genomes 
to H37Rv was performed using the Nucmer functions of 
MUMmer version 3.1 (26). The output file generated by 
Nucmer after multiple sequence alignment was used to 
construct a phylogenetic tree in IQ-TREE version 1.6.12 (27) 
using the maximum-likelihood method. Ultrafast bootstrap 
(bb =1,000) approximation was used to assess branch 
supports. The output was visualized using Figtree version 
1.4.4 (http://tree.bio.ed.ac.uk/software/figtree/). Finally, the 
specificity of the distribution of M.tb strains in the region was 
analyzed using a cluster analysis of clinical strains based on 
the locations of reference strains of different lineages.

Analysis of SNP in RD region virulence genes

The virulence factor database (http://www.mgc.ac.cn/
VFs/) contains various medically important bacterial 
pathogen virulence factors, which include 86 experimentally 
confirmed and 171 putative genes related to the virulence of 
M.tb. Nine of these are located in RD regions.

Statistical analysis

The statistical analysis was performed using SPSS 19.0 
software (SPSS Inc., Chicago, IL, USA). A chi-squared 
test was used to compare rates between groups. Binary 
logistic regression analysis was used for qualitative variables, 
one-way analysis of variance was used to compare means 
between samples, and Pearson correlation analysis was used 
to determine correlations between continuous variables. 
A P value of <0.05 was considered statistically significant. 
GraphPad Prism 5.0 (GraphPad Software, Inc., San Diego, 
CA, USA) was used to draw the forest map and histogram.

Results

Correlation analysis between M.tb lineage and relapse

The RD region gene variation of 155 M.tb clinical strains 
was analyzed. A total of 164,111 SNPs were detected, 

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://broadinstitute.github.io/picard/
https://www.ncbi.nlm.nih.gov/nuccore/NC_000962.3
https://www.ncbi.nlm.nih.gov/nuccore/AP018033.1
https://www.ncbi.nlm.nih.gov/nuccore/CP010335.1
https://www.ncbi.nlm.nih.gov/nuccore/CP010336.1
https://www.ncbi.nlm.nih.gov/nuccore/CP010337.1
https://www.ncbi.nlm.nih.gov/nuccore/NZ_CP014617.1
https://www.ncbi.nlm.nih.gov/nuccore/CP010334.1
https://www.ncbi.nlm.nih.gov/nuccore/KK338758.1
https://www.ncbi.nlm.nih.gov/nuccore/CP010332.1
https://www.ncbi.nlm.nih.gov/nuccore/CP010331.1
http://tree.bio.ed.ac.uk/software/figtree/
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including 98,035 nonsynonymous SNPs (Figure 1A). 
A phylogenetic tree of 155 M.tb clinical strains was 
constructed based on RD region SNPs. The M.tb in 
Kashgar Prefecture was composed of 3 lineages: L2 (East-
Asian) accounted for 45.81% (71/155), L3 (African-
American) accounted for 32.90% (51/155), and L4 (Euro-
American) accounted for 21.29% (33/155; Figure 1B). 
Among patients with relapse, L2 infection (70.83%, 17/24) 
was significantly higher than non-L2 infection (29.17%, 
7/24; P<0.05; Figure 1C). L2 was significantly correlated 
with relapse only [odds ratio (OR) =3.505; 95% confidence 
interval (CI): 1.341–9.158; P=0.011; Figure 1D-1F].

Variation of virulence genes in the RD region of M.tb 
clinical strains between different lineages

A total of 240 nonsynonymous SNPs were detected in 
9 virulence genes (eccCb1, PE35, esxB, esxA, eccD1, espK, 
and P1cA-C) in the RD region of the M.tb clinical strains 
(Figure 2A,2B). A chi-squared test was used to compare 
the variation of virulence genes in the RD region between 
lineages, and the results showed that there were 12 
nonsynonymous SNPs with significant differences between 
lineages, which were located in 5 genes (esxB, eccD1, espK, 
p1cC, and p1cA; Table 1). The mutation frequencies of 
g.2627618 in the p1cC gene, g.2630740 in the p1cA gene, 
and g.4357804 and g.4359653 in the espK gene in the L2 
lineage were significantly higher than those in the L3 
and L4 lineages (P<0.05). The mutation frequencies of 
g.2627382 in the p1cC gene, g.4355319 in the eccD1 gene, 
and g.4358392 in the espK gene in the L3 lineage were 
significantly higher than those in the L2 and L4 lineages 
(P<0.05). The mutation frequencies of g.2631226 in the 
p1cA gene, g.4352383 in the esxB gene, and g.4355141 in 
the eccD1 gene in the L3 lineage were significantly higher 
than those in the L2 and L4 lineages (P<0.05). g.2627618 
and g.2630740 were the lineage-specific SNPs of the L2 
lineage, g.2627382 was the lineage-specific SNP of the L3 
lineage, and g.2631226 and g.4355141 were the lineage-
specific SNPs of the L4 lineage (Figure 2C).

RD region virulence gene variation is associated with 
relapse

There were 421 SNPs in 9 virulence genes (eccCb1, 
PE35, esxB, esxA, eccD1, espK, and P1cA-C) in RD region 
of 155 M.tb clinical strains, among which 240 were 
nonsynonymous SNPs. The correlation between mutation 

and relapse was analyzed using binary logistic regression 
analysis of 240 nonsynonymous SNPs (table available at 
https://cdn.amegroups.cn/static/public/atm-21-6863-1.
xlsx). The results showed that relapse of the g.4357804 
(T→G), g.4359653 (C→T), and g.2627618 (C→A) 
mutations was significantly higher than that of the wild type 
(P<0.05; Figure 3A). The g.4357804 (OR =4.278; 95% CI: 
1.594–11.481; P=0.004), g.4359653 (OR =3.356; 95% CI: 
1.303–8.644; P=0.012), and g.2627618 (OR =2.676; 95% 
CI: 1.101–6.502; P=0.030) mutations were risk factors for 
relapse (Figure 3B). The mutation frequencies of these 3 
SNPs were significantly higher in L2 than those in non-L2 
(P<0.01; Figure 3C). The above results suggested that L2 
patients were more likely to relapse due to the mutation of 
virulence genes in the RD region.

Effect of RD region virulence gene SNP mutation on 
protein structure and function

The three-dimensional structure of the protein was 
predicted by Phyre2 software (28), and the effect of amino 
acid mutation on protein function was analyzed. The 
results showed that the SNPs significantly correlated with 
the relapse of TB patients were located in the espK gene 
[g.4357804 (T→G), g.4359653 (C→T); Figure 4A] and the 
p1cC gene [g.2627618 (C→A); Figure 4B], and that the 3 
SNP mutations all led to changes in amino acids (Table 2). 
Remote homology detection was used for 3D modeling in 
Phyre2. The 3D model map with the highest coverage was 
selected, which showed the positions of SNPs in the protein 
structure. As the espK encoded protein model map did 
not cover g.4357804, its position in the protein structure 
could not be displayed. These results suggested that SNP 
mutations may affect protein function.

Discussion

The prevalence of TB may be worsened by the current 
COVID-19 pandemic, exacerbating the global health 
crisis and undermining TB prevention and control 
strategies. WGS of within-host M.tb diversity may provide 
new insights into the complex underlying molecular 
mechanisms of TB incidence and drug resistance. The 
clinical manifestations of TB patients are variable. In 
addition to individual differences between patients, this 
variability is related to the M.tb lineage and the genomic 
variation of the infection (29,30). In a study of M.tb lineage 
distribution in Xinjiang, Chen et al. (31) confirmed that 

https://cdn.amegroups.cn/static/public/atm-21-6863-1.xlsx
https://cdn.amegroups.cn/static/public/atm-21-6863-1.xlsx
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Figure 1 Lineage distribution of M.tb clinical strains in Kashgar Prefecture and its correlation with relapse. (A) RD region genome 
sequencing circle of M.tb clinical strain. The circles from outside to inside are as follows: circle 1 (black line segment), showing the starting 
and ending positions of each RD area; circle 2 (gray), RD region genomic information, with each region of the green rectangle representing 
the non-genetic region; circle 3 (purple curve) RD region mutation distribution per 1 kbp; circles 4 (blue) and 5 (red), the number of all 
types of mutations in the coding region of the RD region and the number of nonsynonymous SNPs in the coding region; circle 6 (10 
concentric rings, each representing 10% mutation frequency), the frequency of nonsynonymous mutations at a single site, with the size of 
the black dots indicating the mutation frequency at a site. (B) Phylogenetic tree of clinical strains of M.tb. Those marked in red are reference 
strains; 155 clinical strains of M.tb are shown in black. (C) M.tb pedigree distribution in patient relapse. (D-F) Forest map of general 
information and infection lineage risk analysis of 155 patients with TB. RD, region of difference; M.tb, Mycobacterium tuberculosis; TB, 
tuberculosis; CI, confidence interval.
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Table 1 Nonsynonymous SNPs with significant differences between lineages

Number Gene Rv Position Reference Variant Annotation P value

1 esxB Rv3874 4352383 G C ESX-1 secretion <0.01

2 eccD1 Rv3877 4355319 C G ESX-2 secretion <0.01

3 eccD1 Rv3877 4355141 A C ESX-3 secretion <0.05

4 espK Rv3879c 4357597 C G ESX-4 secretion <0.01

5 espK Rv3879c 4357804 T G ESX-5 secretion <0.01

6 espK Rv3879c 4359653 C T ESX-6 secretion <0.01

7 espK Rv3879c 4358392 G C ESX-7 secretion <0.05

8 pIcC Rv2349c 2627618 C A Phospholipase C <0.01

9 pIcC Rv2349c 2627382 C T Phospholipase C <0.01

10 pIcA Rv2351c 2630740 T C Phospholipase C <0.01

11 pIcA Rv2351c 2631226 C A Phospholipase C <0.05

12 pIcA Rv2351c 2631967 G A Phospholipase C <0.05

SNP, single-nucleotide polymorphism.
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Figure 3 Correlation between virulence gene variation in RD region and relapse. (A) Proportion of patients receiving initial treatment and 
relapse treatment before and after SNP mutation. (B) Forest map of recurrence risk analysis for virulent SNP and patients with TB. (C) 
Statistical map of mutation frequency of M.tb lineages at 3 virulent SNPs. **, significant associations (P<0.01). RD, region of difference; 
SNP, single-nucleotide polymorphism; SNV, single-nucleotide variant; M.tb, Mycobacterium tuberculosis; TB, tuberculosis; CI, confidence 
interval.
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Figure 4 Prediction diagram of protein 3D structure.

Table 2 Corresponding gene information of SNP and its effect on amino acids before and after mutation

SNV Gene Function

Corresponding amino acid changes before and after mutation

Amino acid
Acidity and 

basicity
Hydrophilic and 

hydrophobic
Electrical

Polarity/ 
non-polarity

g.4357804 espK (Rv3879c) ESX-1 secretion Before: glycine Neutral Hydrophilic 0 Non-polarity

After: cysteine Neutral Hydrophobic 0 Polarity

g.4359653 espK (Rv3879c) ESX-1 secretion Before: glutamic acid Acidity Hydrophilic – Polarity

After: alanine Neutral Hydrophobic 0 Non-polarity

g.2627618 pIcC (Rv2349c) Phospholipase C 
synthesis

Before: aspartic acid Acidity Hydrophilic – Polarity

After: asparagine Neutral Hydrophilic 0 Polarity

SNP, single-nucleotide polymorphism; SNV, single-nucleotide variant.

the recurrence rate of patients infected with L2 (73.1%) 
was significantly higher than that of patients with other 
lineage infections (32.5%; P<0.01) (6,7). This is consistent 
with the results of the current study. Numerous genotype-
specific mutations in the genes of functional categories 
such as intermediate metabolism and respiration, cell wall 
and cell processes, lipid metabolism, regulatory proteins, 
information pathways and virulence, detoxification, 
and adaptation could be responsible for the differential 
presentation of infection seen in different lineages (32-34). 
The virulence gene of M.tb affects the biological function 
and immunogenicity of M.tb (35).

In this study, WGS of 155 clinical strains of M.tb in 
Kashgar Prefecture was conducted. The results revealed 
several new genetic variations that had not been reported 

before, and the frequency of these SNPs in different 
lineages was significant. Among them, the 3 newly 
discovered SNPs in the virulence genes of the RD region 
had a high mutation frequency in L2 and were significantly 
related to patient recurrence. These SNPs belong to espK 
(2 SNPs) related to the secretion system and are p1cC gene 
(1 SNP) highly related to encoding phospholipase C. espK 
is a secretion-related protein that affects the migration 
of M.tb between cells and is necessary for inhibiting the 
inflammation and immune response of macrophages (36,37). 
p1cC plays an important role in the process of persistent 
M.tb infection (38-40). It is speculated that these 3 SNPs 
may have changed the immunogenicity of the L2 M.tb 
strain, making it difficult for the body to clear. This may 
be one of the reasons for the wide distribution of the L2 



Annals of Translational Medicine, Vol 10, No 2 January 2022 Page 9 of 11

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(2):49 | https://dx.doi.org/10.21037/atm-21-6863

lineage in this region and its easy recurrence. In addition, 
the Rv3879c mutation increases the hydrophobicity of L2, 
and its higher hydrophobicity might have contributed to 
increased transmission through aerosolization. The p1cA/B/
C gene in the L2 Beijing strain is more conserved (39,41). 
In our study, the 4 SNP mutation frequencies on the p1cA 
and p1cC genes were significantly different between L2 and 
non-L2, which may result from the adaptive evolution of 
this lineage in the local population. In brief, we find that 
patients infected with L2 are more prone to relapse, and 
RD region virulence gene variation is an important factor 
for the strong pathogenicity and easy relapse after infection 
associated with L2.

To date, within-host microevolving SNPs have been 
used to distinguish between reinfection and relapse or 
between acquired and transmitted drug resistance, as 
well as numerically to calculate the SNP distance and 
mutation rates in transmission studies, but their type, 
location, function, and frequency pattern have not been 
systematically studied. To improve our understanding of the 
role of mutations in the successful adaptation of M.tb to the 
changing environment in the host, future research should 
investigate the drivers of within-host genomic diversity and 
the impact of different mutations on phenotype, disease 
progression, diagnosis, and transmission. Learning from 
the experience of COVID-19’s prevention and control, 
we believe that the prevention of TB is mainly based on 
community prevention and control, such as full publicity, 
universal vaccination, timely isolation of patients, accurate 
and timely treatment to prevent drug resistance and relapse, 
otherwise, M.tb will continue to evolve along with the 
increase of transmission, just like COVID-19.
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Table S1 Sample information

Sample Region Sex Age (years) Initial treatment/relapse
Drug resistance

Rifampicin Isoniazid

H2016 Yengisar County Male 56 Initial treatment Sensitive Sensitive

H2017 Yengisar County Female 51 Initial treatment Sensitive Sensitive

H2019 Yengisar County Male 57 Initial treatment Sensitive Sensitive

H2020 Yengisar County Male 43 Initial treatment Sensitive Sensitive

H2021 Yengisar County Male 58 Initial treatment Sensitive Sensitive

H2022 Yengisar County Male 30 Initial treatment Sensitive Sensitive

H2023 Yengisar County Female 67 Initial treatment Sensitive Sensitive

H2025 Yengisar County Female 58 Relapse Sensitive Sensitive

H2026 Yengisar County Female 50 Initial treatment Sensitive Sensitive

H2027 Yengisar County Male 63 Relapse Sensitive Sensitive

H2028 Yengisar County Male 47 Initial treatment Sensitive Sensitive

H2029 Yengisar County Female 36 Relapse Sensitive Sensitive

H2030 Yengisar County Male 61 Initial treatment Sensitive Sensitive

H2032 Yengisar County Male 22 Initial treatment Sensitive Sensitive

H2033 Yengisar County Male 60 Relapse Sensitive Sensitive

H2035 Payzawat County Female 70 Initial treatment Sensitive Sensitive

H2036 Payzawat County Male 39 Initial treatment Sensitive Sensitive

H2037 Payzawat County Male 85 Initial treatment Sensitive Sensitive

H2038 Payzawat County Male 77 Initial treatment Resistance Sensitive

H2039 Payzawat County Male 74 Initial treatment Sensitive Sensitive

H2040 Payzawat County Male 91 Initial treatment Sensitive Sensitive

H2041 Payzawat County Male 20 Initial treatment Sensitive Sensitive

H2042 Payzawat County Male 71 Initial treatment Resistance Sensitive

H2043 Payzawat County Male 65 Initial treatment Sensitive Sensitive

H2044 Payzawat County Female 80 Initial treatment Sensitive Sensitive

H2045 Payzawat County Female 29 Initial treatment Sensitive Sensitive

H2046 Payzawat County Female 62 Relapse Sensitive Sensitive

H2047 Payzawat County Male 55 Initial treatment Sensitive Sensitive

H2048 Payzawat County Male 54 Initial treatment Sensitive Sensitive

H2049 Payzawat County Female 61 Initial treatment Sensitive Sensitive

H2050 Payzawat County Female 75 Initial treatment Sensitive Sensitive

H2051 Payzawat County Female 59 Initial treatment Sensitive Sensitive

H2054 Shache County Female 26 Initial treatment Sensitive Sensitive

H2057 Shache County Male 77 Initial treatment Resistance Sensitive

H2060 Shache County Male 49 Initial treatment Sensitive Sensitive

H2061 Shache County Male 66 Initial treatment Sensitive Sensitive

H2062 Shache County Male 18 Initial treatment Sensitive Sensitive

H2232 Shache County Male 67 Initial treatment Sensitive Sensitive

H2234 Shache County Male 46 Initial treatment Sensitive Sensitive

H2235 Shache County Female 55 Initial treatment Sensitive Sensitive

H2237 Shache County Female 73 Initial treatment Sensitive Resistance

H2238 Shache County Male 68 Initial treatment Sensitive Sensitive

H2240 Shache County Female 48 Initial treatment Sensitive Sensitive

H2241 Shache County Male 29 Initial treatment Sensitive Sensitive

H2242 Shache County Male 67 Initial treatment Sensitive Sensitive

H2243 Shache County Male 62 Initial treatment Sensitive Sensitive

H2245 Shache County Female 61 Relapse Sensitive Sensitive

H2248 Yengisar County Male 21 Initial treatment Sensitive Sensitive

H2250 Yengisar County Male 75 Initial treatment Sensitive Resistance

H2251 Yengisar County Female 75 Relapse Sensitive Sensitive

H2252 Yengisar County Male 55 Initial treatment Sensitive Sensitive

H2253 Yengisar County Male 27 Initial treatment Resistance Sensitive

H2254 Yengisar County Male 28 Initial treatment Sensitive Sensitive

H2255 Yengisar County Female 74 Relapse Sensitive Sensitive

H2256 Yengisar County Male 55 Relapse Sensitive Sensitive

H2257 Yengisar County Male 27 Initial treatment Sensitive Sensitive

H2260 Yengisar County Female 65 Initial treatment Sensitive Sensitive

H2262 Yengisar County Female 49 Initial treatment Sensitive Sensitive

H2263 Yengisar County Female 76 Initial treatment Sensitive Sensitive

H2265 Yengisar County Male 63 Initial treatment Sensitive Sensitive

H2268 Yengisar County Female 74 Initial treatment Sensitive Sensitive

H2269 Yengisar County Male 82 Initial treatment Sensitive Sensitive

H2270 Yengisar County Female 59 Initial treatment Sensitive Sensitive

H2271 Yengisar County Male 57 Initial treatment Sensitive Sensitive

H2272 Yengisar County Female 86 Relapse Sensitive Sensitive

H2274 Yengisar County Female 68 Initial treatment Sensitive Sensitive

H2275 Yengisar County Male 54 Initial treatment Sensitive Sensitive

H2276 Yengisar County Female 55 Relapse Sensitive Sensitive

H2277 Yengisar County Female 74 Initial treatment Sensitive Sensitive

H2278 Yengisar County Male 63 Initial treatment Sensitive Resistance

H2279 Shufu County Male 27 Initial treatment Resistance Resistance

H2280 Shufu County Female 59 Initial treatment Sensitive Sensitive

H2281 Shufu County Male 35 Initial treatment Resistance Sensitive

H2282 Shufu County Male 43 Initial treatment Sensitive Sensitive

H2283 Shufu County Male 57 Initial treatment Resistance Sensitive

H2284 Shufu County Female 35 Initial treatment Sensitive Sensitive

H2285 Shufu County Male 71 Initial treatment Sensitive Sensitive

H2286 Shufu County Male 66 Relapse Sensitive Sensitive

H2292 Shufu County Male 35 Initial treatment Resistance Resistance

H2294 Shufu County Female 69 Initial treatment Sensitive Sensitive

H2295 Shufu County Male 87 Initial treatment Sensitive Sensitive

H2296 Shufu County Male 77 Initial treatment Sensitive Sensitive

H2298 Shufu County Male 71 Relapse Resistance Sensitive

H2299 Shufu County Male 69 Relapse Sensitive Sensitive

H2300 Shufu County Male 66 Relapse Sensitive Sensitive

H2301 Kashgar City Female 70 Initial treatment Sensitive Sensitive

H2303 Kashgar City Female 55 Initial treatment Sensitive Sensitive

H2304 Kashgar City Male 25 Initial treatment Sensitive Sensitive

H2306 Kashgar City Male 47 Initial treatment Sensitive Sensitive

H2307 Kashgar City Male 52 Initial treatment Sensitive Sensitive

H2308 Kashgar City Female 61 Initial treatment Sensitive Sensitive

H2310 Kashgar City Female 18 Initial treatment Sensitive Sensitive

H2311 Kashgar City Male 45 Initial treatment Sensitive Sensitive

H2312 Kashgar City Male 46 Initial treatment Sensitive Sensitive

H2313 Kashgar City Male 59 Initial treatment Sensitive Sensitive

H2315 Kashgar City Female 44 Initial treatment Resistance Resistance

H2318 Kashgar City Male 81 Initial treatment Sensitive Sensitive

H2319 Shache County Male 68 Initial treatment Sensitive Sensitive

H2323 Shache County Male 57 Initial treatment Sensitive Sensitive

H2324 Shache County Male 24 Initial treatment Sensitive Resistance

H2327 Shache County Male 63 Initial treatment Sensitive Sensitive

H2328 Shache County Female 77 Initial treatment Sensitive Sensitive

H2329 Shache County Male 25 Initial treatment Sensitive Sensitive

H2330 Shache County Female 54 Initial treatment Sensitive Sensitive

H2332 Shache County Female 45 Initial treatment Sensitive Sensitive

H2335 Shache County Female 64 Initial treatment Sensitive Sensitive

H2336 Shule County Male 56 Initial treatment Sensitive Sensitive

H2337 Shule County Male 63 Relapse Sensitive Sensitive

H2338 Shule County Female 52 Initial treatment Sensitive Sensitive

H2340 Shule County Female 38 Relapse Sensitive Sensitive

H2343 Shule County Female 75 Relapse Sensitive Sensitive

H2344 Shule County Female 24 Initial treatment Sensitive Sensitive

H2345 Shule County Female 71 Relapse Sensitive Sensitive

H2347 Shule County Female 49 Relapse Resistance Sensitive

H2348 Shule County Female 74 Initial treatment Resistance Sensitive

H2349 Shufu County Female 76 Initial treatment Sensitive Sensitive

H2351 Shufu County Female 76 Initial treatment Sensitive Sensitive

H2355 Shufu County Male 61 Initial treatment Sensitive Sensitive

H2356 Shufu County Male 79 Initial treatment Sensitive Sensitive

H2358 Shufu County Male 63 Initial treatment Sensitive Sensitive

H2360 Shufu County Female 65 Initial treatment Sensitive Sensitive

H2361 Shufu County Male 71 Relapse Sensitive Sensitive

H2362 Shufu County Male 60 Relapse Sensitive Sensitive

H2363 Shufu County Female 71 Initial treatment Sensitive Sensitive

H2366 Poskam Country Male 67 Initial treatment Sensitive Sensitive

H2368 Poskam Country Male 77 Initial treatment Sensitive Sensitive

H2369 Poskam Country Male 76 Initial treatment Sensitive Sensitive

H2371 Poskam Country Male 46 Initial treatment Sensitive Sensitive

H2374 Poskam Country Male 71 Initial treatment Sensitive Sensitive

H2376 Poskam Country Female 66 Initial treatment Sensitive Sensitive

H2378 Poskam Country Male 53 Initial treatment Sensitive Sensitive

H2379 Poskam Country Female 68 Initial treatment Sensitive Sensitive

H2383 Poskam Country Male 69 Initial treatment Sensitive Sensitive

H2386 Poskam Country Male 55 Initial treatment Sensitive Sensitive

H2387 Poskam Country Male 51 Initial treatment Sensitive Sensitive

H2390 Poskam Country Male 22 Initial treatment Sensitive Sensitive

H2391 Poskam Country Male 34 Initial treatment Sensitive Sensitive

H2392 Poskam Country Female 70 Initial treatment Sensitive Sensitive

H2394 Poskam Country Male 65 Initial treatment Sensitive Sensitive

H2396 Poskam Country Female 57 Initial treatment Sensitive Sensitive

H2398 Poskam Country Male 70 Initial treatment Sensitive Sensitive

H2399 Poskam Country Female 58 Initial treatment Sensitive Sensitive

H2401 Poskam Country Female 55 Initial treatment Sensitive Sensitive

H2403 Poskam Country Female 71 Initial treatment Sensitive Sensitive

H2404 Poskam Country Male 67 Initial treatment Sensitive Sensitive

H2407 Poskam Country Female 33 Initial treatment Sensitive Sensitive

H2408 Poskam Country Female 19 Initial treatment Sensitive Sensitive

H2409 Yengisar County Male 22 Relapse Sensitive Sensitive

H2410 Yengisar County Female 52 Initial treatment Sensitive Sensitive

H2411 Yengisar County Male 21 Initial treatment Sensitive Sensitive

H2414 Yengisar County Male 29 Initial treatment Sensitive Sensitive

H2415 Yengisar County Male 66 Initial treatment Sensitive Sensitive

H2419 Yengisar County Female 64 Initial treatment Sensitive Sensitive

H2420 Yengisar County Female 61 Initial treatment Sensitive Sensitive

H2421 Yengisar County Male 58 Relapse Sensitive Sensitive
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