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s u m m a r y

The influence of Mycobacterium tuberculosis (MTB) lineages/sublineages on unfavorable tuberculosis (TB)
treatment outcomes is poorly understood. We investigated the effects of Beijing genotype sublineages
and other factors contributing to treatment outcome. Patients newly diagnosed with sputum smear-
positive and culture-positive TB in Hanoi, Vietnam, participated in the study. After receiving anti-TB
treatment, they were intensively followed up for the next 16 months. MTB isolates collected before
treatment were subjected to drug susceptibility testing, and further analyzed to determine MTB (sub)
lineages and their clonal similarities. Of 430 patients, 17 had treatment failure and 30 had TB recurrence.
Rifampicin resistance was associated with treatment failure {adjusted odds ratio ¼ 6.64 [95% confidence
interval (CI), 1.48e29.73]}. The modern Beijing genotype was significantly associated with recurrent TB
within 16 months [adjusted hazard ratio ¼ 3.29 (95% CI, 1.17e9.27)], particularly after adjustment for the
relevant antibiotic resistance. Human immunodeficiency virus coinfection and severity on chest radio-
graphs were not significantly associated with unfavorable outcomes. Our findings provide further un-
derstanding of the influence of MTB strains on unfavorable treatment outcomes. Multiple risk factors
should be considered for the optimal management of TB.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Tuberculosis (TB) is a chronic infection that continues to be a
major public health problemworldwide, with 8.6million new cases
and 1.3 million deaths in 2012 [1]. Unfavorable treatment outcome,
including treatment failure and recurrence, is a major risk factor for
drug resistance in TB [2], which increases the TB burden [3].
Recurrence is defined as an active TB episode that reoccurs after
initial successful treatment. According to the World Health
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Organization (WHO) Report 2013 [1], of the 6.1 million cases of TB
that were identified, 0.3 million had recurrent episodes (including
exogenous reinfection and endogenous reactivation) after being
previously cured.

Previous studies have evaluated risk factors for TB recurrence,
which include severity of disease indicated on chest radiographs
(e.g., the presence of cavitation and the extent of pulmonary
involvement) [4,5], drug resistance [6], microbial load at diagnosis,
or human immunodeficiency virus (HIV) coinfection [4]. Because
recurrence occurs as a result of dynamic interactions between host
and pathogen [7], the Mycobacterium tuberculosis (MTB) genotype
should also be considered a potential risk factor for recurrence. The
MTB Beijing genotype strains account for the majority of the East
Asian lineage, one of the sevenmajor MTB lineages in the world [8],
and are becoming widespread even outside Asia [9]. These strains
appear to be associated with an increased risk of TB recurrence,
according to several reports [10e13].
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The Beijing genotype strains belong to one of the two major
sublineages, ancient (atypical) and modern (typical) types, based
on the absence or presence of an IS6110 insertion in a particular
chromosomal position designated as the NTF region of the MTB
genome [14]. Molecular epidemiological studies have characterized
possible differences in phenotypes between the sublineages:
strains of the modern Beijing sublineage are adapted to spread and
cause disease more easily than those of the ancient sublineage in
different regions of the world [15,16], whereas the ancient Beijing
sublineage is often associated with drug resistance, including
multidrug resistance (MDR) or extremely drug-resistant TB [17],
pyrazinamide (PZA or Z) or rifampicin (RMP or R) resistance [18],
and isoniazid (INH or H) or streptomycin (SM or S) resistance [19].
However, associations between Beijing sublineages and unfavor-
able treatment outcomes have not yet been fully investigated.

Vietnam is a Southeast Asian country stretching over 1,800 km
from north to south. It is one of 22 countries with a high TB prev-
alence worldwide (218 per 100,000 in 2012) [1]. Although the
treatment success rate for new cases was reported to be between
85% and 93% from 1995 to 2011 [1], more than 7200 cases were
identified as recurrent TB in 2012 [1]. Regional differences in MTB
genotypes have been observed. In southern Vietnam, the modern
sublineage is reportedly predominant over the ancient sublineage
[20]; and the Beijing genotype, as a whole, has been reported as a
risk factor for TB recurrence, when compared with non-Beijing
genotypes [13]. In Hanoi, in northern Vietnam, the ancient sub-
lineage (37.5%) is more prevalent than the modern sublineage
(20.9%) [19]. In the present study, we investigated whether these
two Beijing sublineages are similarly associated with treatment
failure or recurrence in newly diagnosed active pulmonary TB pa-
tients in Hanoi.
2. Materials and methods

2.1. Ethics statement

Written informed consent was obtained from each participant;
parents provided written informed consent for minors. This study
was approved by the ethical committees of theMinistry of Health of
Vietnam, the National Center for Global Health and Medicine, and
the Research Institute of Tuberculosis, Japan Anti-Tuberculosis As-
sociation, Japan.
2.2. Study sites, recruitment of patients, and sample collection

Patients were recruited within part of a cohort study reported
elsewhere [21]. Residential areas of the patients were divided into
three categories based mainly on population density, year of estab-
lishment, andurbanization speed: suburban (1500e2500 individuals/
km2), old urban (25,000e26,000 individuals/km2), and new urban
(2800e5300 individuals/km2) areas [22]. In summary, patients over
16 years old residing in the Hanoi area who suffered from newly
diagnosed smear-positive pulmonary TB and agreed to participate in
the studywere recruited from July2007 toMarch2009.Thesepatients
were interviewed by pretrained healthcare staff using a structured
questionnaire. Before initiation of treatment, sputum specimens and
blood samples were collected. Patients then received the standard 8-
month regimen that was commonly administered during the study
period in Vietnam: INH, RMP, PZA, and SM or ethambutol (EMB or E)
for 2months followed by INH and EMB for 6months [2S(E)HRZ/6HE].
Drug susceptibility testingwas performed retrospectively on theMTB
isolates, which were stored in a freezer before anti-TB treatment
began. Thus, susceptibility test results were not available while
deciding treatment schedules, and the standard regimen was
followed according to the national TB control program guidelines at
the time of the study.

During treatment, culture tests were repeated when smear tests
were confirmed positive at 2, 5, or 7 months. During the 16-month
post-treatment follow-up, sputum smear and culture tests were
scheduled at 2, 4, 7, 10, and 16 months for all enrolled cases.
2.3. Identification of MTB, drug susceptibility testing and molecular
genotyping

MTB, drug susceptibility, and molecular genotypes were iden-
tified as previously reported [19,22]. In short, the niacin test was
initially used for MTB identification, and drug susceptibility testing
was performed for INH, SM, RMP, and EMB on the basis of the
proportional method recommended by WHO. Beijing and non-
Beijing strains were distinguished by a single-nucleotide poly-
morphism (SNP) at position 779,615 [23] and spoligotyping results
[24]. Their genotypes were identified using the international MTB
database (SpolDB4) [25]. Ancient and modern Beijing genotypes
were further distinguished using the polymerase chain reaction
method [26]. Variable number of tandem repeat (VNTR) analysis
was performed using the international standard 24 mycobacterial
interspersed repetitive unit-VNTR system [27] with four additional
loci recommended for the Beijing genotype strains [28]. Genetic
clustering was defined by a complete match of the VNTR profile of
the 28 loci.
2.4. Definitions of treatment failure and TB recurrence

Treatment failure and TB recurrence were defined on the basis
of the WHO Global Tuberculosis Report 2013 [1]. In summary,
treatment failure was noted when the smear and culture were
positive at �5 months or when the smear was positive but culture
was not performed, clinical and/or chest radiography findings
indicated failure, and the category switched to the regimen for
retreatment. Recurrence was noted when patients were cured after
treatment and then suffered a second TB episode. The second
episode was confirmed if the sputum culture was positive at the
time of recurrence, or if a culture result was not available or was
difficult to assess (<5 colonies) [29], but the smear was positive in
patients with clinical and/or chest radiographic abnormalities
indicating the necessity of retreatment. After the expert committee
members' review in Vietnam, the category II regimen (2SHRZE/
1HRZE/5H3R3E3) for retreatment was started in all patients with
treatment failure or TB recurrence.
2.5. Statistical analysis

Logistic regression models were used to investigate factors
possibly associated with treatment failure, and adjusted odds ratios
(aORs) and 95% confidence intervals (CIs) were calculated. Using a
logistic regression model, treatment failure was set as a binominal
outcome variable, and the explanatory variables were MTB line-
ages/sublineages and relevant antibiotic resistance. The log-rank
test for equality across strata was also used to investigate the as-
sociation between MTB lineages and time to recurrence. After
testing the proportional hazard assumption, Cox models were used
to assess multiple risk factors for recurrence, similar to the logistic
regression models. Adjusted hazard ratios (aHRs) and 95% CIs were
calculated. Statistical analysis was performed using Stata version 12
(StataCorp, College Station, TX, USA), and P values of <0.05 were
considered statistically significant.



Table 1
Characteristics of patients with smear-positive culture-positive pulmonary tuber-
culosis who finished an 8-month treatment course.

Total number
tested

Number
of patients

%

Age (in years) 430
<25 61 14.2
25e34.9 122 28.4
35e44.9 78 18.1
45e54.9 100 23.3
�55 69 16.1

Sex 430
Male 341 79.3
Female 89 20.7

Body mass index 430
<16 56 13.0
16e18.4 176 40.9
�18.5 198 46.1

Residential area 430
Suburban 95 22.1
New urban 199 46.3
Old urban 136 31.6

Smoking habit 429
Smoker 164 38.2
Ex-smoker 120 28.0
Nonsmoker 145 33.8

HIV status 428
Positive 22 5.1
Negative 406 94.9

Infiltrate on chest radiograph 414
�3 zones 344 83.1
>3 zones 70 16.9

Cavity on chest radiograph* 413
Yes 290 70.2
No 123 29.8

Drug resistant profile 430
Sensitive to all four drugs testedy 272 63.3
Any resistance to isoniazid 113 26.3
Any resistance to streptomycin 111 25.8
Any resistance to rifampicin 15 3.5
Any resistance to ethambutol 9 2.1
Multidrug resistance 13 3.0
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3. Results

3.1. Characteristics of the study population

In the present study, 489 patients were diagnosed with bacte-
riologically confirmed pulmonary TB, of whom 430 completed the
directly observed treatment, short-course (DOTS) program at the
study sites (Figure 1). Adherence to anti-TB therapy was supervised
by the healthcare staff, in cooperation with the patients' family
members, under the DOTS strategy of the national TB control
program.

Of the 430 patients, 183 (42.6%) were aged <35 years, and 341
(79.3%) were male. HIV coinfection was seen in 22 patients (5.1%),
290 patients (70.2%) had cavities on chest radiographs at diagnosis,
and 70 patients (16.9%) had infiltrates spreading to more than half
of the lung zones. Among the 413 patients in whom MTB strains
were genotyped, Beijing genotype strains were identified in 240
(58.1%) patients, of which 152 belonged to the ancient Beijing
sublineages, accounting for 36.8% of all strains tested, and 88
strains belonged to the modern Beijing sublineages, accounting for
21.3% of all the strains tested (Table 1).

Treatment outcomes are illustrated in Figure 1. Treatment
failure was noted in 17 (4.0%, 95% CI, 2.3e6.3) of the 430 patients.
The remaining 413 patients were considered cured, and 403 of
them entered the follow-up period. The median of follow-up time
was 484 days (95% CI, 483e487 days) after completion of treat-
ment. Recurrence was observed in 30 patients (7.4%, 95% CI,
5.1e10.5) during this period. Of these, 21 patients (70.0%)
exhibited culture-positive results. Culture results were not avail-
able or were difficult to assess for the remaining 9 patients
(30.0%), but all had smear-positive results with clinical/radio-
graphic changes. All 30 patients with recurrent TB received a
retreatment regimen of 2SHRZE/1HRZE/5H3R3E3. The median
time to recurrence was 137 days (95% CI, 110e218 days) after the
end of their previous treatment episode.
Figure 1. Study flow. TB: tuberculosis; MTB: Mycobacterium tuberculosis; NTM: non-
tuberculous mycobacterium; DOTS: directly observed treatment, short-course.

MTB lineage/sublineage 413
Modern Beijing 88 21.3
Ancient Beijing 152 36.8
Non-Beijing 173 41.9

HIV: Human immunodeficiency virus; MTB: Mycobacterium tuberculosis.
* The number of patients from whom available information was obtained was

listed. The information on cavitary lesion was available in 413 patients, although
414 chest x-ray films were taken.

y Includes isoniazid, streptomycin, rifampicin, and ethambutol.
3.2. Sublineages of Beijing genotype strains and treatment failure

MTB genotypes were divided into three categories: modern
Beijing, ancient Beijing, and non-Beijing, including East Afri-
caneIndian type. Univariate analysis indicated that infection with
modern Beijing MTB strains was significantly associated with
treatment failure [OR ¼ 4.15 (95% CI, 1.01e17.00)], whereas infec-
tion with ancient Beijing strains was not, when non-Beijing types
were set as a reference category. Treatment failure was significantly
associated with resistance to SM, RMP, INH, or MDR; positivity of
smear testing after the first 2 months of treatment; and the pres-
ence of infiltrates in more than half of the lung on chest radio-
graphs. Age, sex, presence of cavities on radiographs, HIV status,
and clustering status of the MTB strains were not significantly
associated with treatment failure (Table 2).

Multivariate analysis indicated that RMP resistance was signif-
icantly associated with treatment failure [aOR ¼ 6.64 (95% CI,
1.48e29.73)]; however, SM resistance, INH resistance, and infection
with the modern Beijing sublineage were not (Table 2). When we
replaced RMP and INH resistance by MDR in the same model, MDR



Table 2
Results of univariate and multivariate analyses using logistic regression models on
sublineages of Beijing genotype and other factors evaluated for an association with
treatment failure (n ¼ 430).

Proportion with
treatment
failure (%)

Univariate Multivariate*

OR 95% CI OR 95% CI

Age (increased
by one year)

1.00 0.96e1.03

Gender
Male 15/341 (4.4) 1.00 (Reference)
Female 2/89 (2.3) 0.50 0.11e2.23

MTB strain
Other strains 3/173 (1.73) 1.00 (Reference) 1.00 (Reference)
Ancient Beijing 6/152 (3.95) 2.33 0.57e9.48 1.38 0.31e6.11
Modern Beijing 6/88 (6.82) 4.15 1.01¡17.00 3.71 0.86e15.96

Resistant to SM
No 7/319 (2.2) 1.00 (Reference) 1.00 (Reference)
Yes 10/111 (9.0) 4.41 1.64¡11.90 1.77 0.46e6.76

Resistant to RMP
No 13/415 (3.1) 1.00 (Reference) 1.00 (Reference)
Yes 4/15 (26.7) 11.24 3.16¡40.07 6.64 1.48¡29.73

Resistant to INH
No 7/317 (2.2) 1.00 (Reference) 1.00 (Reference)
Yes 10/113 (8.9) 4.30 1.60¡11.59 2.34 0.62e8.90

Multidrug resistance
No 13/417 (3.1) 1.00 (Reference)
Yes 4/13 (930.8) 13.81 3.76¡50.72

Presence of infiltrate on CXR
�3 zonesy 10/344 (2.9) 1.00 (Reference)
>3 zones 6/70 (8.6) 3.13 1.10¡8.92

Presence of cavity on CXR
No 1/123 (0.8) 1.00 (Reference)
Yes 15/290 (5.2) 6.65 0.87e50.94

Smear at month 2z

Negative 9/373 (2.4) 1.00 (Reference)
Positive 8/56 (14.3) 6.74 2.48¡18.30

HIV infection
No 16/406 (3.9) 1.00 (Reference)
Yes 1/22 (4.6) 1.16 0.15e9.17

Clustered MTB strains
No 10/271 (3.7) 1.00 (Reference)
Yes 5/142 (3.5) 0.95 0.32e2.84

MTB: Mycobacterium tuberculosis; OR: odds ratio; 95% CI: 95% confidence interval;
SM: streptomycin; RMP: rifampicin; INH: isoniazid; HIV: human immunodeficiency
virus; CXR: chest X-ray.
Boldfaced values indicate odds ratios and 95% CI with statistical significance
(P < 0.05).

* In the multivariate analysis, resistance to SM, RMP, and INH, MTB strains
(ancient Beijing, modern Beijing and others) were included in the logistic models.

y Zones of the lung field.
z Two months after starting treatment.
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was also significantly associated with treatment failure
[aOR ¼ 10.23 (95% CI, 2.27e46.15)] (table not shown). Smear test
results at month 2 and chest X-ray (CXR) findings may represent
disease severity [30] as a result of hostepathogen interaction or
phenotypic consequences of variations in MTB lineages/sub-
lineages [31]. Therefore, we did not include them in the final model
for the purposes of the present study.
3.3. Sublineages of Beijing genotype strains and TB recurrence

First, patients infected with a Beijing strain had a significantly
shorter time to TB recurrence, confirmed by the log-rank test
(P ¼ 0.0211) (Figure 2A). Second, patients with the modern Beijing
strains had a significantly shorter time to TB recurrence than pa-
tients with non-Beijing strains (P ¼ 0.0213) (Figure 2B). However,
no other pairwise comparisons of sublineages were statistically
significant (data not shown). The numbers of patients showing
recurrence during the observation period were 9 (11.3%) among the
80 patients with the modern Beijing MTB strain, 13 (9.1%) among
the 143 patients with the ancient Beijing strain, and 6 (3.6%) among
the 165 patients with other (non-Beijing) strains. The proportions
of patients with TB recurrence within one year (12 months) after
completing treatment for the prior TB episode were 11.2% (95% CI,
6.0e20.3) in those infected with the modern Beijing MTB strain,
8.5% (4.9e14.4) in those with the ancient Beijing strain, and 3.7%
(1.7e8.0) with other strains.

Assuming that coexisting drug resistance might influence the
effect of Beijing MTB lineages/sublineages on recurrence, we next
investigated the effects of recurrence-associated factors using Cox
proportional hazard models for univariate and multivariate ana-
lyses. Using the non-Beijing strains as the reference group, infection
with the modern Beijing strains was significantly associated with
time to TB recurrence in the univariate analysis [HR ¼ 3.16 (95% CI,
1.13e8.89)] and the multivariate analysis with adjustment for drug
resistance [aHR ¼ 3.29 (95% CI, 1.17e9.27)]. Infection with the
ancient Beijing strains was not significantly associated with time to
TB recurrence (Table 3).

Resistance to RMP or INH was not significantly associated with
time to TB recurrence. Resistance to SMwas significantly associated
with time to TB recurrence in the univariate model [HR ¼ 2.50 (95%
CI, 1.21e5.15)], but not in the multivariate model (Table 3). When
we replaced RMP and INH resistance by MDR in the same model,
MDR was also not significantly associated with recurrence
[aHR ¼ 3.25 (95% CI, 0.71e14.94)] (table not shown). Other char-
acteristics, including HIV coinfection, severity on CXR, and category
of patients' residential areas, were not associated with time to TB
recurrence (Table 3).
4. Discussion

Our study demonstrated that RMP resistance was associated
with treatment failure among patients newly diagnosed with
smear-positive and culture-positive pulmonary TB. In addition,
we found that infection with a modern Beijing strain was a risk
factor for TB recurrence within 16 months of follow-up after
completing treatment for a previous TB episode. In our study
population, the prevalence of INH and SM resistance was higher
among patients infected with ancient Beijing strains than among
those infected with modern Beijing strains; however, INH resis-
tance and SM resistance or infection with ancient Beijing strains
were not associated with the increased risk of treatment failure or
TB recurrence.

Four percent of TB patients had a treatment failure in our
study, similar to 4.3% of TB patients who failed treatment in a
different study conducted in southern Vietnam [32], and 5% in a
multicenter trial conducted in eight centers in Africa and Asia
[33]. These treatment failure rates are higher than those (2%) re-
ported globally [1], in part because of the relatively less effective
treatment regimen, 2S(E)HRZ/6HE, that was used during the
study period at these study sites. The proportion of TB recurrence
was 7.4% in the present study, versus 8.6% in another study con-
ducted in northern Vietnam [34], 6.5% in southern Vietnam [32],
and 5% in the multicenter trial [33] cited above. The longer follow-
up period (32 months as maximum) and less strict criteria used
for diagnosis of TB recurrence in the northern Vietnamese study
[34] may explain the higher proportion of recurrence in that study
compared with our study. Conversely, active monitoring using
periodical sputum testing during the follow-up period may have
improved our detection of TB recurrence, compared with the
passive case finding of TB recurrence used in the study in southern
Vietnam [32].



Figure 2. (A) KaplaneMeier curves illustrating Beijing and non-Beijing MTB lineages and time to recurrence as indicated by the probability of survival with no recurrent tuber-
culosis, (B) KaplaneMeier curves illustrating modern Beijing, ancient Beijing sublineages, non-Beijing lineage, and time to recurrence as indicated by the probability of survival with
no recurrent tuberculosis. Time to recurrence between the Beijing and non-Beijing groups (P ¼ 0.0211 by log rank test). Time to recurrence between the modern Beijing and non-
Beijing groups (P ¼ 0.0213 by log rank test) but not significant in other combinations, including modern Beijing and ancient Beijing sublineages (data not shown). TB: tuberculosis.

Table 3
Results of univariate and multivariate analyses using proportional hazardmodels on
sublineages of Beijing genotype and other factors evaluated for an association with
TB recurrence (n ¼ 403).

Proportion with
recurrence (%)

Univariate Multivariate*

HR 95% CI HR 95% CI

Age (increased
by one year)

1.00 0.98e1.03

Gender
Male 23/316 (7.3) 1.00 (Reference)
Female 7/87 (8.1) 1.15 0.50e2.69

MTB strain
Other strains 6/165 (3.64) 1.00 (Reference) 1.00 (Reference)
Ancient Beijing 13/143 (9.09) 2.55 0.97e6.70 2.08 0.77e5.62
Modern Beijing 9/80 (11.25) 3.16 1.13¡8.89 3.29 1.17¡9.27

Resistant to SM
No 17/306 (5.6) 1.00 (Reference) 1.00 (Reference)
Yes 13/97 (13.4) 2.50 1.21¡5.15 2.33 0.97e5.61

Resistant to RMP
No 28/394 (7.1) 1.00 (Reference) 1.00 (Reference)
Yes 2/9 (22.2) 3.63 0.86e15.26 3.1 0.66e14.55

Resistant to INH
No 20/304 (6.6) 1.00 (Reference) 1.00 (Reference)
Yes 10/99 (10.1) 1.58 0.74e3.38 0.85 0.33e2.19

Smear at month 2y

Negative 24/355 (6.8) 1.00 (Reference)
Positive 6/48 (12.5) 1.84 0.75e4.50

Clustered
No 15/255 (5.9) 1.00 (Reference)
Yes 13/133 (9.8) 1.64 0.78e3.45

Presence of infiltrate on CXR
�3 zonesz 26/327 (8.0) 1.00 (Reference)
>3 zones 4/62 (6.5) 0.79 0.27e2.25

Presence of cavity on CXR
No 11/119 (9.2) 1.00 (Reference)
Yes 19/269 (7.1) 0.75 0.36e1.59

HIV infection
No 29/380 (7.6) 1.00 (Reference)
Yes 1/21 (4.8) 0.66 0.09e4.85

TB: tuberculosis; MTB: Mycobacterium tuberculosis; HR: hazard ratio; 95% CI: 95%
confidence interval; SM: streptomycin; RMP: rifampicin; INH: isoniazid; HIV: hu-
man immunodeficiency virus; CXR: chest X-ray.
Boldfaced values indicate hazard ratios and 95% CI with statistical significance
(P < 0.05).

* In the multivariate analysis, resistance to SM, RMP, and INH, MTB strains
(ancient Beijing, modern Beijing and others) were included in the Cox models.

y Two months after starting treatment.
z Zones of the lung field.

N.T.L. Hang et al. / Tuberculosis 95 (2015) 336e342340
In the present study, RMP resistance was strongly associated
with treatment failure but not with recurrence. The majority of
RMP-resistant strains had MDR (22/24 or 91.7%), which is a
well-known risk factor for treatment failure [35]. In some
resource-limited settings, drug susceptibility testing is not
performed routinely for new patients before starting treatment.
In those settings, application of necessary countermeasures
against MDR, including a timely change of the treatment
regimen, should be considered once treatment failure is
suspected.

Also in the present study, active disease caused by the Beijing
genotype was associated with an increased risk of TB recurrence,
which was consistent with previous reports from different areas of
the world [10e13]. Interestingly, modern Beijing strains exhibited a
potential risk for recurrence when non-Beijing MTB genotypes
were set as the reference group. Other investigators [36] have
previously reported the high prevalence of modern Beijing strains
among patients with a history of anti-TB treatment, suggesting that
this sublineage may be associated with TB recurrence. Our study
results suggest that the modern Beijing strains influenced TB
recurrence, whereas the ancient Beijing strains did not. There was
no significant difference in the probability of recurrent TB in pa-
tients with ancient versus modern Beijing sublineages. This result
could be due to the low number of recurrent TB patients with the
ancient sublineage in our study, as well as insufficient statistical
power.

Virulent phenotypes of the modern Beijing sublineage strains
could be differentiated by frequent drug resistance mutations and
propagation, or disease development with a short latency period
based on the hostepathogen interaction. In our study, the modern
Beijing sublineage was actually an independent risk factor regard-
less of drug resistance status in the multivariate analysis. Disease
caused by modern Beijing MTB strains conferred a risk of TB
recurrence, despite having less frequent drug resistance than that
caused by the ancient Beijing genotype. Previous reports indicate
that modern Beijing strains produce lower levels of proin-
flammatory cytokines [37,38] and have a higher survival in mac-
rophages [38] than ancient Beijing strains. These factors may
facilitate persistent infection or reactivation from latent infection,
although investigation of these properties at sublineage levels has
only just begun. Nevertheless, these findings could help explain
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their potential to dysregulate host defense mechanisms, leading to
increased virulence and successful spread of the modern sub-
lineage [14,15,17].

SM resistance unexpectedly exhibited a significant association
with recurrence in the univariate analysis but not in the multivar-
iate analysis. In another study conducted in southern Vietnam [13],
resistance to INH was a risk factor for recurrence. Although direct
evidence is lacking, this inconsistency may be due to area-
dependent differences in the distribution patterns of major Bei-
jing sublineages and their subgroups. Resistance to SM cannot be
overlooked because this antibiotic is still used as a component of
treatment regimens, such as 2SHRZE/1HRZE/5HRE, recommended
byWHO for severe TB or retreated TB cases [39], inwhich relapse is
often observed.

Other factors (e.g., poor treatment adherence, increased dis-
ease severity by expansion of lesions in the lung, HIV coinfection
[4], diabetic status [40], and clustering status possibly indicating
recent transmission) were not associated with TB recurrence by
univariate analysis in our study (P > 0.2, data not shown). For this
reason, they were not included in the multivariate analysis.
Positive smear results at month 2 were significantly associated
with treatment failure. This was consistent with the classical idea
that persistently positive smear testing after the intensive
treatment phase is a possible surrogate for treatment outcome
[41].

The present study has some limitations. First, we were not able
to differentiate relapse from reinfection among recurrent cases.
However, we presume they were true relapse cases because most
of the second TB episodes appeared in a relatively short time after
cure; the median of time to recurrence was 137 days (95% CI,
110e218 days) after the end of treatment. Second, we were unable
to study the host immune response to clarify the mechanism(s)
underlying the association between modern Beijing sublineage
and recurrence. Nevertheless, this is the first report from Vietnam
on the association between MTB sublineages and unfavorable
treatment outcomes, including recurrence. Future subclassifi-
cation of Beijing sublineages through the analysis of genome-wide
variations may help clarify the genotypeephenotype relationship
and may provide an explanation for the inconsistent results pre-
viously reported. In addition, the strength of our cohort study was
supported by a high proportion of patients completing treatment,
followed up actively and intensively, and with clinicoepidemio-
logical data linked to MTB lineages/sublineages with drug-
resistance profiles.

In conclusion, among patients newly diagnosed with smear-
positive pulmonary TB, infection with the modern Beijing sub-
lineage was associated with recurrence, whereas infectionwith the
ancient Beijing sublineage was not. Considering the high preva-
lence of circulating Beijing genotype strains and pretreatment drug
resistance in the study area, multiple factors should be considered
to achieve better TB management.
Acknowledgment

The authors would like to thank Dr. Shinsaku Sakurada (National
Center for Global Health and Medicine), Dr. Toru Mori, Dr. Minako
Hijikata, Ms. Ikumi Matsushita (The Research Institute of Tuber-
culosis, JATA), Dr. Luu Thi Lien (Hanoi Department of Health), Dr. Vu
Cao Cuong, Dr. Nguyen Phuong Hoang, Dr. Bui Thi Nguyet, Dr. Pham
Thu Anh (Hanoi Lung Hospital), Dr. Nguyen Van Hung, Dr. Tran Thi
Bich Thuy (National Lung Hospital), Dr. Phan Thi Minh Ngoc, Ms.
Nguyen Thi Ha (NCGM-BMH Medical Collaboration Center), and all
the healthcare staff of relevant district TB centers for supporting
site implementation.
Funding: This work was supported by a grant from the Pro-
gram of Japan Initiative for Global Research Network on Infectious
Diseases (J-GRID), MEXT, Japan. The funders had no role in study
design, data collection and analysis, decision to publish, or
preparation of the manuscript.

Competing interests: The authors have declared that no
competing interests exist.

Ethical approval: This study was approved by the ethical
committees of the Ministry of Health, Vietnam, National Center
for Global Health and Medicine, and the Research Institute of
Tuberculosis, Japan Anti-Tuberculosis Association, Japan.

References

[1] WHO. Global tuberculosis report 2013. http://www.who.int/tb/publications/
global_report/en/ [Date last accessed 05.10.14].

[2] Faustini A, Hall AJ, Perucci CA. Risk factors for multidrug resistant tuberculosis
in Europe: a systematic review. Thorax 2006;61:158e63.

[3] Wang JY, Lee LN, Lai HC, Hsu HL, Liaw YS, Hsueh PR, Yang PC. Prediction of the
tuberculosis reinfection proportion from the local incidence. J Infect Dis
2007;196:281e8.

[4] Panjabi R, Comstock GW, Golub JE. Recurrent tuberculosis and its risk factors:
adequately treated patients are still at high risk. Int J Tuberc Lung Dis 2007;11:
828e37.

[5] Chang KC, Leung CC, YewWW, Ho SC, Tam CM. A nested case-control study on
treatment-related risk factors for early relapse of tuberculosis. Am J Respir Crit
Care Med 2004;170:1124e30.

[6] Lew W, Pai M, Oxlade O, Martin D, Menzies D. Initial drug resistance and
tuberculosis treatment outcomes: systematic review and meta-analysis. Ann
Intern Med 2008;149:123e34.

[7] Hanekom M, Gey van Pittius NC, McEvoy C, Victor TC, Van Helden PD,
Warren RM. Mycobacterium tuberculosis Beijing genotype: a template for
success. Tuberculosis (Edinb) 2011;91:510e23.

[8] Comas I, Coscolla M, Luo T, Borrell S, Holt KE, Kato-Maeda M, Parkhill J,
Malla B, Berg S, Thwaites G, Yeboah-Manu D, Bothamley G, Mei J, Wei L,
Bentley S, Harris SR, Niemann S, Diel R, Aseffa A, Gao Q, Young D, Gagneux S.
Out-of-Africa migration and neolithic coexpansion of Mycobacterium tuber-
culosis with modern humans. Nat Genet 2013;45:1176e82.

[9] European Concerted Action on New Generation Genetic Markers and Tech-
niques for the Epidemiology and Control of Tuberculosis. Beijing/W genotype
Mycobacterium tuberculosis and drug resistance. Emerg Infect Dis 2006;12:
736e43.

[10] Lan NT, Lien HT, Tung le B, Borgdorff MW, Kremer K, van Soolingen D.
Mycobacterium tuberculosis Beijing genotype and risk for treatment failure
and relapse, Vietnam. Emerg Infect Dis 2003;9:1633e5.

[11] Sun YJ, Lee AS, Wong SY, Paton NI. Association of Mycobacterium tuberculosis
Beijing genotype with tuberculosis relapse in Singapore. Epidemiol Infect
2006;134:329e32.

[12] Burman WJ, Bliven EE, Cowan L, Bozeman L, Nahid P, Diem L, Vernon A,
Tuberculosis Trials Consortium. Relapse associated with active disease caused
by Beijing strain of Mycobacterium tuberculosis. Emerg Infect Dis 2009;15:
1061e7.

[13] Huyen MN, Buu TN, Tiemersma E, Lan NT, Dung NH, Kremer K, Soolingen DV,
Cobelens FG. Tuberculosis relapse in Vietnam is significantly associated with
Mycobacterium tuberculosis Beijing genotype infections. J Infect Dis 2013;207:
1516e24.

[14] Ribeiro SC, Gomes LL, Amaral EP, Andrade MR, Almeida FM, Rezende AL,
Lanes VR, Carvalho EC, Suffys PN, Mokrousov I, Lasunskaia EB. Mycobacterium
tuberculosis strains of the modern sublineage of the Beijing family are more
likely to display increased virulence than strains of the ancient sublineage.
J Clin Microbiol 2014;52:2615e24.

[15] Hanekom M, van der Spuy GD, Streicher E, Ndabambi SL, McEvoy CR, Kidd M,
Beyers N, Victor TC, van Helden PD, Warren RM. A recently evolved sublineage
of the Mycobacterium tuberculosis Beijing strain family is associated with an
increased ability to spread and cause disease. J Clin Microbiol 2007;45:
1483e90.

[16] Iwamoto T, Grandjean L, Arikawa K, Nakanishi N, Caviedes L, Coronel J,
Sheen P, Wada T, Taype CA, Shaw MA, Moore DA, Gilman RH. Genetic di-
versity and transmission characteristics of Beijing family strains of Mycobac-
terium tuberculosis in Peru. PLoS One 2012;7:e49651.

[17] Iwamoto T, Yoshida S, Suzuki K, Wada T. Population structure analysis of the
Mycobacterium tuberculosis Beijing family indicates an association between
certain sublineages and multidrug resistance. Antimicrob Agents Chemother
2008;52:3805e9.

[18] 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;50:2820e3.

http://www.who.int/tb/publications/global_report/en/
http://www.who.int/tb/publications/global_report/en/
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref1
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref1
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref1
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref2
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref2
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref2
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref2
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref3
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref3
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref3
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref3
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref4
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref4
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref4
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref4
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref5
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref5
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref5
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref5
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref6
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref6
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref6
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref6
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref7
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref7
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref7
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref7
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref7
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref7
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref8
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref8
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref8
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref8
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref8
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref9
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref9
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref9
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref9
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref10
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref10
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref10
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref10
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref11
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref11
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref11
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref11
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref11
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref12
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref12
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref12
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref12
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref12
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref13
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref13
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref13
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref13
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref13
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref13
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref14
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref14
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref14
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref14
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref14
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref14
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref15
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref15
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref15
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref15
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref16
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref16
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref16
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref16
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref16
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref17
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref17
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref17
http://refhub.elsevier.com/S1472-9792(14)20635-4/sref17


N.T.L. Hang et al. / Tuberculosis 95 (2015) 336e342342
[19] Maeda S, Hang NTL, Lien LT, Thuong PH, Hung NV, Hoang NP, Cuong VC,
Hijikata M, Sakurada S, Keicho N. Mycobacterium tuberculosis strains
spreading in Hanoi, Vietnam: Beijing sublineages, genotypes, drug suscepti-
bility patterns, and host factors. Tuberculosis (Edinb) 2014;94:649e56.

[20] Kremer K, van-der-Werf MJ, Au BK, Anh DD, Kam KM, van-Doorn HR,
Borgdorff MW, van-Soolingen D. Vaccine-induced immunity circumvented by
typical Mycobacterium tuberculosis Beijing strains. Emerg Infect Dis 2009;15:
335e9.

[21] Hang NT, Matsushita I, Shimbo T, Hong LT, Tam DB, Lien LT, Thuong PH,
Cuong VC, Hijikata M, Kobayashi N, Sakurada S, Higuchi K, Harada N, Endo H,
Keicho N. Association between tuberculosis recurrence and interferon-g
response during treatment. J Infect 2014;69:616e26.

[22] Hang NT, Maeda S, Lien LT, Thuong PH, Hung NV, Thuy TB, Nanri A, Mizoue T,
Hoang NP, Cuong VC, Ngoc KT, Sakurada S, Endo H, Keicho N. Primary drug-
resistant tuberculosis in Hanoi, Viet Nam: present status and risk factors.
PLoS One 2013;8:e71867.

[23] Nakajima C, Tamaru A, Rahim Z, Poudel A, Maharjan B, Aye Khin Saw, Ling H,
Hattori T, Iwamoto T, Fukushima Y, Suzuki H, Suzuki Y, Matsuba T. Simple
multiplex PCR assay for identification of Beijing family Mycobacterium
tuberculosis isolates with a lineage-specific mutation in Rv0679c. J Clin
Microbiol 2013;51:2025e32.

[24] Kamerbeek J, Schouls L, Kolk A, van Agterveld M, van Soolingen D, Kuijper S,
Bunschoten A, Molhuizen H, Shaw R, Goyal M, van Embden J. Simultaneous
detection and strain differentiation of Mycobacterium tuberculosis for diag-
nosis and epidemiology. J Clin Microbiol 1997;35:907e14.

[25] Brudey K, Driscoll JR, Rigouts L, Prodinger WM, Gori A, Al-Hajoj SA, Allix C,
Aristimu~no L, Arora J, Baumanis V, Binder L, Cafrune P, Cataldi A, Cheong S,
Diel R, Ellermeier C, Evans JT, Fauville-Dufaux M, Ferdinand S, Garcia de
Viedma D, Garzelli C, Gazzola L, Gomes HM, Guttierez MC, Hawkey PM, van
Helden PD, Kadival GV, Kreiswirth BN, Kremer K, Kubin M, Kulkarni SP,
Liens B, Lillebaek T, Ho ML, Martin C, Martin C, Mokrousov I, Narvskaïa O,
Ngeow YF, Naumann L, Niemann S, Parwati I, Rahim Z, Rasolofo-
Razanamparany V, Rasolonavalona T, Rossetti ML, Rüsch-Gerdes S, Sajduda A,
Samper S, Shemyakin IG, Singh UB, Somoskovi A, Skuce RA, van Soolingen D,
Streicher EM, Suffys PN, Tortoli E, Tracevska T, Vincent V, Victor TC,
Warren RM, Yap SF, Zaman K, Portaels F, Rastogi N, Sola C. Mycobacterium
tuberculosis complex genetic diversity: mining the fourth international spo-
ligotyping database (SpolDB4) for classification, population genetics and
epidemiology. BMC Microbiol 2006;6:23.

[26] Wada T, Iwamoto T, Maeda S. Genetic diversity of the Mycobacterium tuber-
culosis Beijing family in East Asia revealed through refined population
structure analysis. FEMS Microbiol Lett 2009;291:35e43.

[27] Supply P, Allix C, Lesjean S, Cardoso-Oelemann M, Rüsch-Gerdes S, Willery E,
Savine E, de Haas P, van Deutekom H, Roring S, Bifani P, Kurepina N,
Kreiswirth B, Sola C, Rastogi N, Vatin V, Gutierrez MC, Fauville M, Niemann S,
Skuce R, Kremer K, Locht C, van Soolingen D. Proposal for standardization of
optimized mycobacterial interspersed repetitive unit-variable-number tan-
dem repeat typing of Mycobacterium tuberculosis. J Clin Microbiol 2006;44:
4498e510.
[28] Allix-Beguec C, Wahl C, Hanekom M, Nikolayevskyy V, Drobniewski F,
Maeda S, et al. Proposal of a consensus set of hypervariable mycobacterial
interspersed repetitive-unit-variable-number tandem-repeat loci for subtyp-
ing of Mycobacterium tuberculosis Beijing isolates. J Clin Microbiol 2014;52:
164e72.

[29] MacGregor RR, Clark LW, Bass F. The significance of isolating low numbers of
mycobacterium tuberculosis in culture of sputum specimens. Chest 1975;68:
518e23.

[30] Hales CM, Heilig CM, Chaisson R, Leung CC, Chang KC, Goldberg SV, Gordin F,
Johnson JL, Muzanyi G, Saukkonen J, Vernon A, Villarino ME, Burman WJ. The
association between symptoms and microbiologically defined response to
tuberculosis treatment. Ann Am Thorac Soc 2013;10:18e25.

[31] Coscolla M, Gagneux S. Consequences of genomic diversity in Mycobacterium
tuberculosis. Semin Immunol 2014;26:431e44.

[32] Quy HT, Lan NT, Borgdorff MW, Grosset J, Linh PD, Tung LB, van Soolingen D,
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