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Mycobacterium tuberculosis Beijing genotype strains are widespread globally. However, there has been no
systematic study on the association between Beijing genotype and the characteristics of drug resistance.
In this study, 359 M. tuberculosis isolates from south China were collected and their background informa-
tion, genotype diversity and drug resistance was investigated. The results revealed that 66.0% of strains
(237/359) were categorised as Beijing genotype. There was no statistical difference between Beijing and
non-Beijing genotype strains in terms of patient sex, age, place of residence and treatment history. Drug
resistance testing showed that 34.8% (125/359) of isolates were resistant to at least one of the seven
drugs tested. The proportions of multidrug-resistant tuberculosis and extensively drug-resistant tubercu-
losis were 17.0% and 1.4%, respectively. Previously treated patients presented a significantly higher risk
of developing drug resistance than new cases. Although the prevalence of drug resistance was higher in
Beijing genotype than in non-Beijing genotype strains, there was no significant difference between these
two genotypes in the multivariate analysis. Even in re-treated patients, the association of Beijing geno-
type with drug resistance was not significant. This study provides an insight into genotype diversity and
demonstrates the characteristics of drug resistance in Beijing genotype strains, which will be useful in
generating efficient tuberculosis prevention and control strategies in China.

© 2019 Elsevier B.V. and International Society of Chemotherapy. All rights reserved.

1. Introduction

[4,5]. Molecular typing of M. tuberculosis from East Asia demon-
strated that a specific family of M. tuberculosis, namely the Beijing

Tuberculosis (TB) remains a major global public-health prob-
lem. The high mortality rates associated with drug-resistant TB,
especially multidrug-resistant TB (MDR-TB) and extensively drug-
resistant TB (XDR-TB), are particularly worrisome. China has the
third highest prevalence of TB and the second highest burden of
MDR-TB globally, with 895 000 cases of TB and 58 000 cases of
MDR-TB in 2016 [1]. Hence, the prevention and control of TB are
facing huge pressure in China.

Genotyping of Mycobacterium tuberculosis (M. tuberculosis) iso-
lates has significantly improved our knowledge of TB epidemiol-
ogy and has enabled the development of molecular-guided control
strategies [2,3]. Spoligotyping is a reliable and powerful technol-
ogy to differentiate M. tuberculosis complex into various genotypes
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genotype, was prevalent [6,7]. This genotype is one of the most
successful M. tuberculosis genotypes with an increasing prevalence
in the global population [7,8].

M. tuberculosis Beijing strains have unique properties that
explain their widespread distribution, such as efficient dissemi-
nation [9], increased virulence [10] and an increased risk of drug
resistance [11-13]. Some studies propose that Beijing genotype
strains are more likely to develop into MDR-TB [4,14,15]. However,
these associations or characteristics have varied among different
studies and different regions [16-18]. In China, Beijing genotypes
strains are highly prevalent, constituting approximately 80% of M.
tuberculosis strains [13,19]. However, the proportion of strains of
this genotype in north and south China showed a great difference
[14]. To date, there has been also no systematic study on the
association between Beijing genotype and the characteristics of
drug resistance in south China.

Thus, in the present study, the background information, geno-
type diversity and drug resistance frequencies among 359 M.

0924-8579/© 2019 Elsevier B.V. and International Society of Chemotherapy. All rights reserved.
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Table 1
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Characteristics of pulmonary tuberculosis patients included in the study.

Characteristic Total cases (N=359)

New cases (N=256)

Re-treated cases (N=103)

n % (95% CI) n % (95% CI) n % (95% CI)
Sex
Male 260 724 (67.8-77.0) 182  71.1 (65.5-76.6) 78  75.7 (67.4-84.0)
Female 99 27.6 (23.0-32.2) 74 28.9 (23.4-34.5) 25 243 (16.0-32.6)
Age group
<30 years 113 31.5(26.7-363) 96 37.5(31.6-434) 17 16.5(9.3-23.7)
30-59 years 181 50.4 (45.2-55.6) 116  45.3 (39.2-51.4) 65  63.1 (53.8-72.4)
>60 years 65 18.1 (14.1-22.1) 44 17.2 (12.6-21.8) 21 204 (12.6-28.2)
Place of residence
Rural 180  50.1 (45.0-55.3) 128  50.0 (43.9-56.1) 52  50.5 (40.8-60.1)
Urban 179  49.9 (44.7-55.0) 128  50.0 (43.9-56.1) 51  49.5(39.9-59.2)
Drug resistance
Any resistance 125  34.8 (29.9-39.7) 53 20.7 (15.7-25.7) 72 69.9 (61.0-78.8)
INH 103 28.7 (24.0-334) 35 13.7 (9.5-17.9) 68  66.0 (56.9-75.2)
RIF 65 18.1 (14.1-22.1) 13 5.1 (2.4-7.8) 52 50.5 (40.8-60.1)
SM 66 18.4 (14.4-22.4) 31 12.1 (8.1-16.1) 35  34.0 (24.8-43.1)
EMB 23 6.4 (3.9-8.9) 4 1.6 (0.0-3.1) 19 184 (11.0-25.9)
CAP 6 1.7 (0.3-3.0) 0 0.0 6 5.8 (1.3-10.3)
KAN 5 1.4 (0.2-2.6) 0 0.0 5 4.9 (0.7-9.0)
OFX 28 7.8 (5.0-10.6) 5 2.0 (0.3-3.6) 23 22.3(14.3-304)
MDR 61 17.0 (13.1-20.9) 12 4.7 (2.1-7.3) 49  47.6 (37.9-57.2)
XDR 5 1.4 (0.2-2.6) 0 0.0 5 4.9 (0.7-9.0)

Cl, confidence interval; INH, isoniazid; RIF, rifampicin; SM, streptomycin; EMB, ethambutol; CAP, capre-
omycin; KAN, kanamycin; OFX, ofloxacin; MDR, multidrug-resistant; XDR, extensively drug-resistant.

tuberculosis isolates from south China was investigated to gain an
insight into the association between genotype and drug resistance.
These data will contribute to developing effective TB prevention
and control strategies in China.

2. Materials and methods
2.1. Ethical approval

This study was approval by the Ethics Committee of the Na-
tional Institute for Communicable Disease Control and Prevention,
Chinese Center for Disease Control and Prevention (Beijing, China).
Patients with TB were included in this research only after written
informed consent was received from the patient or from their par-
ent/guardian if the patient was <18 years of age.

2.2. Study design

This study was conducted between 2009 and 2010 at Hu-
nan Chest Hospital (Changsha) and Fuzhou Pulmonary Hospital
(Fuzhou), which serve as the sole specialised TB hospitals in Hu-
nan and Fujian Provinces, respectively. During this period, patients
with pulmonary TB and positive cultures identified as M. tubercu-
losis complex were randomly interviewed and enrolled. Strain iso-
lation and identification were performed at the local reference lab-
oratory. Only one isolate per patient was collected and tested.

2.3. Drug susceptibility testing (DST)

For M. tuberculosis complex strains, DST was performed using
the Lowenstein-Jensen proportion method. The critical concentra-
tions for DST were as follows: 0.2 pg/mL isoniazid (INH); 40.0
pg/mL rifampicin (RIF); 4.0 pg/mL streptomycin (SM); 2.0 pg/mL
ethambutol (EMB); 40 pg/mL capreomycin (CAP); 30 pg/mL
kanamycin (KAN); and 2.0 pg/mL ofloxacin (OFX) [20]. Quality con-
trol was routinely performed during DST using the M. tuberculosis
reference strain H37Rv (ATCC 27294).

2.4. DNA extraction and genotyping

Genomic DNA was prepared by the cetyltrimethylammonium
bromide (CTAB) method as described by Somerville et al. [21].
Strain differentiation was performed by spoligotyping as described
by Kamerbeek et al. [22]. The results were compared with the in-
ternational spoligotyping database SpolDB4.0 [23].

2.5. Statistical analysis

The association of Beijing genotype strains with certain char-
acteristics and drug resistance was assessed using univariate and
multivariate logistic regression. To determine whether Beijing
genotype was associated with drug resistance, the analysis was
also stratified by treatment history. The x?2 test or Fisher’s exact
test was used for comparison between groups. Differences were
considered statistically significant at P < 0.05. All statistical data
were analysed using SAS v.9.4 software (SAS Institute Inc., Cary, NC,
USA).

3. Results
3.1. Demographic characteristics of the patients

During the study period, 359 patients with pulmonary TB were
enrolled. Their basic information is summarised in Table 1. Among
these patients, 260 (72.4%) were male and 99 (27.6%) were female,
with a mean age of 42.55 years (range 14-88 years). The majority
(71.3%; 256/359) were newly diagnosed cases, and 50.1% (180/359)
were rural residents (Table 1).

3.2. Genotyping results

Among the 359 M. tuberculosis isolates, Beijing genotype was
predominant, comprising 237 isolates (66.0%). The remaining 122
isolates belonged to non-Beijing genotypes, comprising T in 69 iso-
lates (19.2%), H in 15 isolates (4.2%), U in 7 isolates (1.9%), MANU2
in 4 isolates (1.1%), LAM in 2 isolates (0.6%), EAI in 1 isolate (0.3%)
and orphan in 24 isolates (6.7%).
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Table 2

Univariate analysis of characteristics associated with Mycobacterium tuberculosis genotype.

Characteristic No. (%) of cases Genotype [n (%)] P-value OR (95% CI)
Non-Beijing (n=122) Beijing (n=237)
Sex
Male 260 (72.4) 88 (72.1) 172 (72.6) Ref.
Female 99 (27.6) 34 (279 65 (27.4) 0.93 0.98 (0.61-1.59)
Age group
<30 years 113 (31.5) 37 (30.3) 76 (32.1) Ref.
30-59 years 181 (50.4) 57 (46.7) 124 (52.3) 0.82 1.06 (0.64-1.75)
>60 years 65 (18.1) 28 (23.0) 37 (15.6) 0.17 0.64 (0.34-1.21)
Place of residence
Rural 180 (50.1) 63 (51.6) 117 (49.4) Ref.
Urban 179 (49.9) 59 (48.4) 120 (50.6) 0.37 1.24 (0.77-2.00)
Treatment history
New cases 256 (71.3) 87 (71.3) 169 (71.3) Ref.
Re-treated cases 103 (28.7) 35 (28.7 68 (28.7) 1.00 1.00 (0.62-1.62)
Drug resistance
Any resistance 125 (34.8) 8 (31.1) 87 (36.7) 0.30 1.28 (0.81-2.04)
INH 103 (28.7) 2 (26.2) 71 (30.0) 0.46 1.20 (0.74-1.96)
RIF 65 (18.1) 17 (13.9) 48 (20.3) 0.14 1.57 (0.86-2.87)
SM 66 (18.4) 15 (12.3) 51 (21.5) 0.03* 1.96 (1.05-3.65)
EMB 23 (6.4) 4(3.3) 19 (8.0) 0.09 2.57 (0.86-7.73)
CAP 6 (1.7) 1(0.8) 5(2.1) 0.38 2.61 (0.30-22.57)
KAN 5(1.4) 1(0.8) 4 (1.7) 0.52 2.08 (0.23-18.79)
OFX 28 (7.8) 5(4.1) 23 (9.7) 0.07 2.52 (0.93-6.79)
MDR 61 (17.0) 16 (13.1) 45 (19.0) 0.16 1.55 (0.84-2.88)
XDR 5(1.4) 1(0.8) 4 (1.7) 0.52 2.08 (0.23-18.79)

OR, odds ratio; CI, confidence interval; INH, isoniazid; RIF, rifampicin; SM, streptomycin; EMB, ethambutol; CAP, capreomycin; KAN,
kanamycin; OFX, ofloxacin; MDR, multidrug-resistant; XDR, extensively drug-resistant.

* Statistically significant (P < 0.05).

3.3. Drug susceptibility profiles and associated factors

DST results indicated that 125 isolates (34.8%) were resistant
to at least one of the seven drugs tested, including 103 (28.7%)
to INH, 65 (18.1%) to RIF, 66 (18.4%) to SM, 23 (6.4%) to EMB, 6
(1.7%) to CAP, 5 (1.4%) to KAN and 28 (7.8%) to OFX; moreover, 61
isolates (17.0%) were MDR-TB and 5 isolates (1.4%) were XDR-TB
(Table 1). The drug resistance percentages of new cases were sig-
nificantly lower than those of re-treatment cases. Re-treated cases
demonstrated an obvious increased risk of developing drug resis-
tance, with an odds ratio (OR) of 8.90 [95% confidence interval (CI)
5.30-14.94; P=0.00]. In addition, the risk increased highly signifi-
cantly in MDR-TB cases (OR =18.45, 95% CI 9.19-37.03; P=0.00).

Although resistance to any drug was observed more frequently
in Beijing genotype strains than in non-Beijing genotype strains,
there was no significant difference except for SM (P=0.03) in
the univariate analysis (Table 2). Thus, a multivariate analysis was
performed to evaluate the correlation between Beijing genotype
and drug resistance. However, in this statistical analysis Beijing
genotype was not associated with any drug resistance (Table 3).
The analysis was also stratified by new cases (n=256) versus
re-treatment cases (n=103) and there was still no association be-
tween Beijing genotype and drug resistance (Table 4).

3.4. Factors associated with infection with Beijing genotype strain

The characteristics of patients infected with Beijing and non-
Beijing strains were also compared (Table 2). There was no obvious
difference between Beijing and non-Beijing genotype strains when
considering risk factors such as patient sex, age, place of residence
and treatment history (Table 2).

4. Discussion
China has the third highest TB burden in the world. Most TB

cases are attributed to infection with Beijing genotype strains.
Early reports based on clinical isolates in China revealed that

Table 3
Multivariate analysis of drug resistance associated with Mycobacterium tuberculosis
genotypes.

Drug Beijing vs. non-Beijing
resistance -

P-value Adjusted OR (95% CI)
Any resistance 0.65 0.73 (0.19-2.81)
INH 0.84 0.87 (0.24-3.21)
RIF 0.58 2.08 (0.15-28.42)
SM 0.11 2.06 (0.85-5.01)
EMB 0.69 1.33 (0.33-5.34)
CAP 1.00 -
KAN 1.00 -
OFX 0.63 1.54 (0.27-8.81)
MDR 0.76 0.64 (0.04-10.33)
XDR 1.00 -

OR, odds ratio; CI, confidence interval; INH, isoniazid; RIF, rifampicin; SM, strepto-
mycin; EMB, ethambutol; CAP, capreomycin; KAN, kanamycin; OFX, ofloxacin; MDR,
multidrug-resistant; XDR, extensively drug-resistant.

the proportion of Beijing genotype varied from 62.2% to 90.5%
[13,14,17-19,24,25]. The percentage of Beijing genotype strains in
the south of China was lower than in the north [14]. The current
study showed that 66.0% of isolates in south China belonged to
Beijing genotype, suggesting its dominance in the region. In com-
parison with surrounding countries, the prevalence of Beijing geno-
type strains in this study was less than that of northeast Asian
countries such as South Korea (80.0%) [26] and Japan (78.5%) [27],
but higher than southeast Asian countries such as Vietnam (54.0%)
[28], Thailand (44.1%) [29] and Myanmar (31.9%) [30].

The present study revealed that 34.8% of pulmonary TB patients
were drug-resistant cases, demonstrating the serious prevalence of
drug-resistant TB in south China. The proportions of MDR-TB and
XDR-TB cases were 17.0% and 1.4%, respectively, nearly double in
comparison with data presented in the national baseline survey in
2007 [31]. The explanation for this difference may be that the iso-
lates included in the current study were obtained from specialised
hospitals instead of from an epidemiological survey. In previous
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Table 4
Associations between Mycobacterium tuberculosis Beijing genotype and drug resistance, stratified by treatment history.

Treatment history and drug resistance All cases Beijing genotype (%) OR (95% CI) P-value

New cases 256 169 (66.0) - -
Any resistance 53 35 (66.0) 1.09 (0.68-1.76) 0.73
INH 35 22 (62.9) 0.95 (0.53-1.68) 0.85
RIF 13 8 (61.5) 0.93 (0.38-2.29) 0.87
SM 31 21 (67.7) 1.03 (0.57-1.86) 0.92
EMB 4 3(75.0) 1.14 (0.25-5.15) 1.00
CAP 0 0 (0.0) - -
KAN 0 0 (0.0) - -
OFX 5 4 (80.0) 1.22 (0.32-4.60) 1.00
MDR 12 7 (58.3) 0.88 (0.34-2.28) 0.79
XDR 0 0 (0.0) - -

Re-treated cases 103 68 (66.0) - -
Any resistance 72 52 (72.2) 1.40 (0.69-2.82) 0.35
INH 68 49 (72.1) 1.40 (0.71-2.76) 0.33
RIF 52 40 (76.9) 1.40 (0.76-2.60) 0.28
SM 35 30 (85.7) 1.53 (0.82-2.88) 0.18
EMB 19 16 (84.2) 1.36 (0.64-2.88) 0.42
CAP 6 5 (83.3) 1.28 (0.38-4.38) 0.94
KAN 5 4 (80.0) 1.23 (0.32-4.74) 1.00
OFX 23 19 (82.6) 1.35 (0.67-2.73) 0.40
MDR 49 38 (77.6) 1.40 (0.75-2.58) 0.29
XDR 5 4 (80.0) 1.23 (0.32-4.74) 1.00

OR, odds ratio; CI, confidence interval; INH, isoniazid; RIF, rifampicin; SM, streptomycin; EMB, ethambutol; CAP, capre-
omycin; KAN, kanamycin; OFX, ofloxacin; MDR, multidrug-resistant; XDR, extensively drug-resistant.

studies, the frequencies of drug-resistant TB in re-treated patients
were significantly higher than in new patients [16,31] and this
was confirmed in the current study. A higher risk of drug resis-
tance was also observed among re-treated patients. Generally, drug
resistance among new cases indicates the transmission of drug-
resistant strains, whereas drug resistance among re-treated cases
likely indicates acquired drug resistance during treatment. This
study implied that appropriate strategies must be implemented to
reduce the amount of acquired drug resistance during treatment.

Some studies showed that Beijing genotype was significantly as-
sociated with drug resistance and was more likely to develop into
MDR-TB [4,14,15]. However, this result is not consistent with sev-
eral reports in other geographic settings [9,16,17]. In the current
study, Beijing genotype strains showed higher drug resistance lev-
els than non-Beijing strains. Univariate logistic regression was con-
ducted to assess the association between Beijing genotype and any
drug resistance. To exclude possible confounders in the study, all
variables analysed in the univariate regression were also studied
in the multivariate model. According to univariate analysis, Bei-
jing genotype was more likely to be resistant to SM compared
with non-Beijing genotype. Nevertheless, this association did not
reach statistical significance in the multivariate analysis. Hence, the
results supported that there was no independent association be-
tween Beijing genotype and drug resistance. The conflicting results
observed from different studies and different regions are proba-
bly because of the amount of Beijing genotype and the proportion
of its sublineages (modern or ancient Beijing genotype), which af-
fected the DST results [17,32]. In addition, the difference might be
related to the variation in treatment regimens, patient compliance
and TB control programmes [16]. Although Beijing genotype was
not associated with SM resistance in the multivariate analysis, this
genotype still showed a great risk of developing SM resistance (ad-
justed OR=2.06, 95% CI 0.85-5.01; P=0.11).

Even in re-treated patients, the association of drug resistance
with Beijing genotype was not significant. This result implied
that Beijing genotype strains were no more likely to acquire drug
resistance than non-Beijing genotype strains. Some reports also
suggested that Beijing strains were significantly associated with
TB patients of younger ages [9,28]. However, in the current study
there was no statistical difference between Beijing genotype and

non-Beijing genotype strains in terms of patient sex, age, place
of residence or treatment history. Other factors contributing to
infection with M. tuberculosis strains, such as social behaviours,
were not investigated in this study.

This study had several limitations. First, the small sample size
of isolated strains may have affected the statistical analysis and the
detection of real associations. The results should be validated with
a larger sample of strains in the future. Second, the isolates were
from specialised TB hospitals in south China, probably leading to
a higher rate of drug-resistant TB cases than in an epidemiological
survey. Third, the number of second-line drug-resistant isolates, es-
pecially for CAP-resistant and KAN-resistant isolates, was relatively
small, which prevented an analysis of their association with geno-
type among new cases.

In summary, these results revealed that Beijing genotype was
predominant in south China but showed no independent associa-
tion with any type of drug resistance. Previously treated patients
demonstrated a higher risk of drug resistance and might deserve
more attention in the management of TB patients. These findings
will be helpful in establishing an appropriate TB control policy to
be implemented in China.

Acknowledgments

The authors thank the staff of Hunan Chest Hospital (Chang-
sha, Hunan, China) and Fuzhou Pulmonary Hospital (Fuzhou, Fu-
jian, China) for supplying the strains.

Funding: This study was supported by projects from the National
Key Program of Mega Infectious Diseases [grant no. 2018ZX10302-
302-001] and the National Basic Research Program of China [973
Program, grant no. 2015CB554202]. The funders had no role in the
study design, data collection and analysis, decision to publish, or
preparation of the manuscript.

Competing interests: None declared.

Ethical approval: This study was approval by the Ethics Commit-
tee of the National Institute for Communicable Disease Control and



770 L.-L. Zhao, M.-C. Li and H.-C. Liu et al./ International Journal of Antimicrobial Agents 54 (2019) 766-770

Prevention, Chinese Center for Disease Control and Prevention (Bei-
jing, China).

References

[1] World Health Organization (WHO). Global tuberculosis report 2017. Geneva,
Switzerland: WHO; 2017.

[2] Alonso-Rodriguez N, Martinez-Lirola M, Sanchez ML, Herranz M, Penafiel T,
Bonillo Mdel C, et al. Prospective universal application of mycobacterial in-
terspersed repetitive-unit-variable-number tandem-repeat genotyping to char-
acterize Mycobacterium tuberculosis isolates for fast identification of clustered
and orphan cases. ] Clin Microbiol 2009;47:2026-32.

[3] Barnes PF, Cave MD. Molecular epidemiology of tuberculosis. N Engl ] Med
2003;349:1149-56.

[4] Singh ], Sankar MM, Kumar P, Couvin D, Rastogi N, Singh S. Genetic diversity
and drug susceptibility profile of Mycobacterium tuberculosis isolated from dif-
ferent regions of India. J Infect 2015;71:207-19.

[5] Gori A, Bandera A, Marchetti G, Degli Esposti A, Catozzi L, Nardi GP,
et al. Spoligotyping and Mpycobacterium tuberculosis. Emerg Infect Dis
2005;11:1242-8.

[6] van Soolingen D, Qian L, de Haas PE, Douglas JT, Traore H, Portaels F, et al. Pre-
dominance of a single genotype of Mycobacterium tuberculosis in countries of
east Asia. ] Clin Microbiol 1995;33:3234-8.

[7] Parwati I, van Crevel R, van Soolingen D. Possible underlying mechanisms
for successful emergence of the Mycobacterium tuberculosis Beijing genotype
strains. Lancet Infect Dis 2010;10:103-11.

[8] Hanekom M, Gey van Pittius NC, McEvoy C, Victor TC, Van Helden PD, War-
ren RM. Mycobacterium tuberculosis Beijing genotype: a template for success.
Tuberculosis (Edinb) 2011;91:510-23.

[9] Yang C, Luo T, Sun G, Qiao K, DeRiemer K, Mei ], et al. Mycobacterium tuber-
culosis Beijing strains favor transmission but not drug resistance in China. Clin
Infect Dis 2012;55:1179-87.

[10] Hanekom M, van der Spuy GD, Streicher E, Ndabambi SL, McEvoy CR, Kidd M,
et al. A recently evolved sublineage of the Mycobacterium tuberculosis Beijing
strain family is associated with an increased ability to spread and cause dis-
ease. ] Clin Microbiol 2007;45:1483-90.

[11] European Concerted Action on New Generation Genetic Markers and Tech-
niques for the Epidemiology and Control of Tuberculosis Beijing/W geno-
type Mycobacterium tuberculosis and drug resistance. Emerg Infect Dis
2006;12:736-43.

[12] Casali N, Nikolayevskyy V, Balabanova Y, Harris SR, Ignatyeva O, Kontsevaya I,
et al. Evolution and transmission of drug-resistant tuberculosis in a Russian
population. Nat Genet 2014;46:279-86.

[13] Guo YL, Liu Y, Wang SM, Li CY, Jiang GL, Shi GL, et al. Genotyping and drug
resistance patterns of Mycobacterium tuberculosis strains in five provinces of
China. Int ] Tuberc Lung Dis 2011;15:789-94.

[14] Pang Y, Zhou Y, Zhao B, Liu G, Jiang G, Xia H, et al. Spoligotyping and drug
resistance analysis of Mycobacterium tuberculosis strains from national survey
in China. PLoS One 2012;7:e32976.

[15] Buu TN, Huyen MN, Lan NT, Quy HT, Hen NV, Zignol M, et al. The Beijing
genotype is associated with young age and multidrug-resistant tuberculosis in
rural Vietnam. Int ] Tuberc Lung Dis 2009;13:900-6.

[16] Liu Y, Jiang X, Li W, Zhang X, Wang W, Li C. The study on the association
between Beijing genotype family and drug susceptibility phenotypes of My-
cobacterium tuberculosis in Beijing. Sci Rep 2017;7:15076.

[17] Li Y, Cao X, Li S, Wang H, Wei ], Liu P, et al. Characterization of Mycobacterium
tuberculosis isolates from Hebei, China: genotypes and drug susceptibility phe-
notypes. BMC Infect Dis 2016;16:107.

[18] Wang ], Liu Y, Zhang CL, Ji BY, Zhang LZ, Shao YZ, et al. Genotypes and
characteristics of clustering and drug susceptibility of Mycobacterium tuber-
culosis isolates collected in Heilongjiang Province, China. J Clin Microbiol
2011;49:1354-62.

[19] Dong H, Liu Z, Lv B, Zhang Y, Liu J, Zhao X, et al. Spoligotypes of Mycobacterium
tuberculosis from different provinces of China. ] Clin Microbiol 2010;48:4102-6.

[20] World Health Organization (WHO). Policy guidance on drug-susceptibility test-
ing (DST) of second-line antituberculosis drugs, Geneva, Switzerland: WHO;
2008. WHO/HTM/TB/2008.392.

[21] Somerville W, Thibert L, Schwartzman K, Behr MA. Extraction of My-
cobacterium tuberculosis DNA: a question of containment. J Clin Microbiol
2005;43:2996-7.

[22] Kamerbeek ], Schouls L, Kolk A, van Agterveld M, van Soolingen D, Kuijper S,
et al. Simultaneous detection and strain differentiation of Mycobacterium tu-
berculosis for diagnosis and epidemiology. ] Clin Microbiol 1997;35:907-14.

[23] Brudey K, Driscoll JR, Rigouts L, Prodinger WM, Gori A, Al-Hajoj SA, et al. My-
cobacterium tuberculosis complex genetic diversity: mining the fourth interna-
tional spoligotyping database (SpolDB4) for classification, population genetics
and epidemiology. BMC Microbiol 2006;6:23.

[24] Li WM, Wang SM, Li CY, Liu YH, Shen GM, Zhang XX, et al. Molecular epidemi-
ology of Mycobacterium tuberculosis in China: a nationwide random survey in
2000. Int ] Tuberc Lung Dis 2005;9:1314-19.

[25] Zhao LL, Chen Y, Chen ZN, Liu HC, Hu PL, Sun Q, et al. Prevalence and
molecular characteristics of drug-resistant Mycobacterium tuberculosis in Hu-
nan, China. Antimicrob Agents Chemother 2014;58:3475-80.

[26] Kang HY, Wada T, Iwamoto T, Maeda S, Murase Y, Kato S, et al. Phylogeograph-
ical particularity of the Mycobacterium tuberculosis Beijing family in South Ko-
rea based on international comparison with surrounding countries. ] Med Mi-
crobiol 2010;59:1191-7.

[27] Iwamoto T, Fujiyama R, Yoshida S, Wada T, Shirai C, Kawakami Y. Population
structure dynamics of Mycobacterium tuberculosis Beijing strains during past
decades in Japan. ] Clin Microbiol 2009;47:3340-3.

[28] Anh DD, Borgdorff MW, Van LN, Lan NT, van Gorkom T, Kremer K, et al. My-
cobacterium tuberculosis Beijing genotype emerging in Vietnam. Emerg Infect
Dis 2000;6:302-5.

[29] Srilohasin P, Chaiprasert A, Tokunaga K, Nishida N, Prammananan T, Smit-
tipat N, et al. Genetic diversity and dynamic distribution of Mycobacterium
tuberculosis isolates causing pulmonary and extrapulmonary tuberculosis in
Thailand. ] Clin Microbiol 2014;52:4267-74.

[30] Phyu S, Stavrum R, Lwin T, Svendsen OS, Ti T, Grewal HM. Predominance of
Mycobacterium tuberculosis EAI and Beijing lineages in Yangon, Myanmar. ] Clin
Microbiol 2009;47:335-44.

[31] Zhao Y, Xu S, Wang L, Chin DP, Wang S, Jiang G, et al. National survey of
drug-resistant tuberculosis in China. N Engl ] Med 2012;366:2161-70.

[32] Mokrousov I, Jiao WW, Sun GZ, Liu JW, Valcheva V, Li M, et al. Evolution of
drug resistance in different sublineages of Mycobacterium tuberculosis Beijing
genotype. Antimicrob Agents Chemother 2006;50:2820-3.


http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0001
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0002
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0002
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0002
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0002
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0002
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0002
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0002
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0002
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0003
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0003
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0003
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0005
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0005
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0005
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0005
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0005
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0005
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0005
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0005
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0006
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0006
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0006
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0006
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0006
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0006
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0006
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0006
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0007
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0007
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0007
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0007
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0008
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0008
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0008
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0008
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0008
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0008
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0008
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0009
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0009
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0009
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0009
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0009
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0009
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0009
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0009
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0010
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0010
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0010
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0010
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0010
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0010
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0010
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0010
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0011
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0012
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0012
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0012
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0012
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0012
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0012
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0012
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0012
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0013
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0013
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0013
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0013
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0013
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0013
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0013
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0013
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0014
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0014
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0014
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0014
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0014
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0014
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0014
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0014
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0015
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0015
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0015
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0015
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0015
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0015
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0015
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0015
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0016
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0016
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0016
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0016
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0016
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0016
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0016
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0017
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0017
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0017
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0017
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0017
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0017
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0017
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0017
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0018
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0018
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0018
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0018
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0018
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0018
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0018
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0018
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0019
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0019
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0019
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0019
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0019
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0019
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0019
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0019
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0020
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0021
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0021
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0021
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0021
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0021
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0022
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0022
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0022
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0022
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0022
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0022
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0022
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0022
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0023
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0023
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0023
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0023
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0023
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0023
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0023
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0023
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0024
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0024
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0024
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0024
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0024
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0024
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0024
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0024
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0025
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0025
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0025
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0025
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0025
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0025
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0025
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0025
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0026
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0026
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0026
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0026
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0026
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0026
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0026
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0026
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0027
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0027
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0027
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0027
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0027
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0027
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0027
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0028
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0028
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0028
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0028
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0028
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0028
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0028
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0028
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0029
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0029
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0029
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0029
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0029
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0029
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0029
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0029
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0030
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0030
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0030
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0030
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0030
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0030
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0030
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0031
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0031
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0031
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0031
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0031
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0031
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0031
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0031
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0032
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0032
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0032
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0032
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0032
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0032
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0032
http://refhub.elsevier.com/S0924-8579(19)30216-X/sbref0032

	Beijing genotype of Mycobacterium tuberculosis is less associated with drug resistance in south China
	1 Introduction
	2 Materials and methods
	2.1 Ethical approval
	2.2 Study design
	2.3 Drug susceptibility testing (DST)
	2.4 DNA extraction and genotyping
	2.5 Statistical analysis

	3 Results
	3.1 Demographic characteristics of the patients
	3.2 Genotyping results
	3.3 Drug susceptibility profiles and associated factors
	3.4 Factors associated with infection with Beijing genotype strain

	4 Discussion
	Acknowledgments
	References


