Relapse Associated with Active
Disease Caused by Beijing Strain of
Mycobacterium tuberculosis1
William J. Burman, Erin E. Bliven, Lauren Cowan, Lorna Bozeman, Payam Nahid, Lois Diem,
and Andrew Vernon, for the Tuberculosis Trials Consortium

The role of microbial factors in outcomes of tuberculosis treatment has not been well studied. We performed a
case–control study to evaluate the association between a
Beijing strain and tuberculosis treatment outcomes. Isolates
from patients with culture-positive treatment failure (n = 8)
or relapse (n = 54) were compared with isolates from randomly selected controls (n = 296) by using spoligotyping.
Patients with Beijing strains had a higher risk for relapse
(odds ratio [OR] 2.0, 95% confidence interval [CI] 1.0–4.0,
p = 0.04) but not for treatment failure. Adjustment for factors previously associated with relapse had little effect on
the association between Beijing strains and relapse. Beijing
strains were strongly associated with relapse among Asian–
Pacific Islanders (OR 11, 95% CI 1.1–108, p = 0.04). Active
disease caused by a Beijing strain was associated with increased risk for relapse, particularly among Asian–Pacific
Islanders.

A

pproximately 2%–5% of patients with tuberculosis
(TB) treated with contemporary short-course treatment either fail to respond to therapy or recurrent TB can
develop in these patients after they complete therapy, despite assurance of adherence through supervised treatment
(1,2). In settings with a high prevalence of disease, a substantial percentage of recurrent cases are caused by reinfection with another strain of Mycobacterium tuberculosis
(3,4). However, reinfection is an uncommon cause of recurrent disease in settings in which the prevalence of active
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TB is low (5). Several studies have evaluated risk factors
for recurrent TB, which are severity of the radiographic
manifestations of disease (presence of cavitation [1,6–8],
extent of pulmonary involvement [1,6,8], or the presence of
silicosis [9]), microbial load at diagnosis (7), and 2-month
sputum culture positivity as an indicator of the early response to therapy (1,6,7).
Whether aspects of the infecting strain of M. tuberculosis might affect treatment outcomes has not been well
studied. Studies early in the time of chemotherapy found
that M. tuberculosis strains from patients who responded
well to isoniazid monotherapy seemed to be somewhat less
virulent in a guinea pig model of active TB (10). However,
this line of investigation was not pursued in the context of
response to multidrug therapy. DNA fingerprinting techniques enable classification of M. tuberculosis isolates
into genotype families. The Beijing genotype family has
received considerable attention because of its association
with drug resistance (11,12). Furthermore, the Beijing family may be rapidly spreading in some areas (13–15). Studies
from Vietnam (16) and Singapore (17) showed that active
disease caused by a Beijing strain was associated with an
increased risk for recurrent TB after completion of treatment.
Recent studies have shown associations among M. tuberculosis strains, geographic regions, and human populations, which suggest that specific strains of M. tuberculosis
coevolved with human subpopulations (18–20). However,
with increased population mobility, there has been greater
mixing of M. tuberculosis strains and human subpopulations. The interaction between these factors (the bacillary
strain and the race/ethnic background of the patient), may
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affect response to TB treatment (21). We used isolates from
a large multicenter clinical trial (Tuberculosis Trials Consortium [TBTC] Study 22) (1) to evaluate the association
between active disease caused by a Beijing strain and TB
treatment outcomes. We also explored whether this association was affected by the race/ethnicity of the patient.
Methods
Study Population

TBTC Study 22 was a randomized trial comparing once-a-week rifapentine plus isoniazid with twice-aweek rifampin plus isoniazid during the last 4 months of
short-course treatment for drug-susceptible pulmonary TB
(1,22). Adults were enrolled from sites in the United States
and Canada from 1995 through 1998. Before enrollment,
all patients had completed an initial 2 months of treatment
with isoniazid, rifampin, pyrazinamide, and ethambutol (or
streptomycin). All TB treatment was supervised (directly
observed therapy).
Sputum cultures were obtained monthly during treatment. Failure was defined as a positive culture >4 months
of treatment. Relapse was defined as a positive culture
during the 2-year follow-up after completion of therapy.
Paired isolates from the time of enrollment and the time of
suspected treatment failure or relapse underwent insertion
sequence (IS) 6110 fingerprinting (1,23), and an endpoint
review committee determined whether the positive culture
was caused by cross-contamination, relapse, or reinfection.
TBTC Study 22 was reviewed and approved by the Institutional Review Boards of CDC and participating sites. The
present analysis of isolates from that study was reviewed
and found to be research that did not include human patients.
Selection of Case-Patients and Controls

We evaluated the association between active disease
caused by a Beijing strain and TB treatment outcomes by
using a nested case–control study of isolates from participants in TBTC Study 22. Because it is likely that the risk
factors for treatment failure and relapse are different among
persons with HIV co-infection, we limited this case–control
analysis to HIV-negative participants (n = 1,004). Case-patients were participants who adhered to study therapy and
had culture-positive treatment failure or relapse caused by
the initial infecting strain of M. tuberculosis. Controls were
selected through simple random sampling of participants
who completed treatment and had 2 years of follow-up (3,
6, 9, 12, 18, and 24 months after treatment completion)
with no clinical or microbiologic evidence of treatment
failure or relapse. Cases and controls were not matched for
any demographic, clinical, or radiographic characteristics.
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Laboratory Methods

Isolates from cases and controls underwent spoligotyping (24) as modified by Cowan et al. (25). Beijing
strains were defined as isolates with a spoligotype showing the absence of spacers 1–34 and presence of at least 3
spacers among spacers 35–43 (26,27). To evaluate possible
associations between M. tuberculosis lineages, as defined
by large sequence polymorphisms and treatment outcomes,
isolates were assigned by spoligotype pattern to previously
described lineages (20,21).
Statistical Analyses

The number of cases was determined from the parent
clinical trial; 4 controls were randomly selected for each
case. Race/ethnicity was determined by site staff who used
categories defined in the United States TB surveillance system (28).
The definitions and primary objective of this case–
control analysis were formulated before data analysis. The
initial analysis evaluated the association between active
disease caused by a Beijing strain and treatment failure
or relapse. To enable comparisons with previous studies
(16,17), we then analyzed relapse alone as the outcome.
We subsequently analyzed the relationships between race/
ethnicity, active disease caused by a Beijing strain, and
treatment outcomes. Associations between active disease
caused by a Beijing strain and baseline characteristics and
treatment outcomes were evaluated by using χ2 analysis.
Associations with treatment outcomes were adjusted in
multivariate logistic regression models for factors previously associated with failure and relapse. These factors
were white race, being underweight, pulmonary cavitation,
bilateral pulmonary involvement, and 2-month sputum culture positivity (1). Because having been randomly assigned
rifapentine as treatment was associated with an increased
risk for relapse in univariate analyses of TBTC Study 22
(1), we conducted a secondary analysis in which treatment
assignment was forced into multivariate models of risk for
poor treatment outcomes.
Results
Of the 1,004 HIV-negative participants in TBTC
Study 22, there were 8 instances of treatment failure and
61 cases of relapse. Of these 69 cases of adverse TB treatment outcomes, isolates from 64 patients were successfully
genotyped (Figure). Of the 930 study participants who did
not experience treatment failure or relapse, 76 did not complete therapy and 172 did not complete follow-up. Of the
remaining 687 patients, 296 (43%) were randomly selected
as controls for this analysis; their 296 baseline isolates were
successfully genotyped (Figure).
Demographic and clinical characteristics of cases and
controls are provided in Table 1. As in the entire study
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Enrolled
(n = 1,004)

Culture-positive
treatment failure (n = 8)
or relapse (n = 61), with
adherence to therapy

Isolate not available
or genotyping
unsuccessful (n = 5)

Clinical relapse (n = 2)
or failure after
nonadherence (n = 3)

No failure/relapse
(n = 930)
Did not complete
assigned therapy (n = 72)
Did not complete 2-year
follow-up (n = 172)

Isolate genotyped
as a case
Failure (n = 8)
Relapse (n = 56)

Eligible for selection as
control (n = 686)

Randomly selected as
a control (n = 296)

Successfully
genotyped as a
control (n = 296)

Not selected as
a control
(n = 389)

Isolate not available
or genotyping
unsuccessful (n = 0)

Figure. Selection of case-patients and controls, Tuberculosis Trials
Consortium Study 22. The Tuberculosis Trials Consortium Study
enrolled patients during 1995–1998. Participants in the case–control
study were selected from among 1,004 HIV-infected participants.

cohort, white race, being underweight, pulmonary cavitation, bilateral pulmonary involvement, and 2-month sputum smear and culture positivity were associated with an
increased risk for treatment failure and relapse among the
participants of this case–control analysis (Table 1). Patients with active disease caused by a Beijing strain had
an increased risk for treatment failure or relapse (15 [23%]
of 64 cases vs. 42 [14%] of 296 controls; odds ratio [OR]
1.9, 95% confidence interval [CI] 0.9–3.6, p = 0.07). When
analyzed as separate endpoints (Table 2), treatment failure
was not associated with active disease caused by a Beijing
strain (OR 0.9, 95% CI 0.1–7.2, p = 1.00), but relapse was
significantly associated (OR 2.0, 95% CI 1.0–4.0, p = 0.04).
Active disease caused by the Indo-Oceanic lineage was associated with a lower risk for treatment failure or relapse,
although the small number of isolates from that lineage (n =
25) and the lack of any cases of treatment failure or relapse
among patients with active disease caused by this lineage
precluded further evaluation of this association.
Adjustment for the 5 clinical, radiographic, and microbiologic risk factors for treatment failure and relapse in the
parent study had little effect on the OR of active disease
being caused by a Beijing strain and relapse (adjusted OR
2.2, 95% CI 1.0–5.0, p = 0.05) (Table 3). Similarly, treatment assignment (rifapentine vs. rifampin) had little effect
in a multivariate model into which this factor was forced
(adjusted OR for active disease caused by Beijing strain
2.3; 95% CI 1.0–5.3, p = 0.04).
We next evaluated the effect of race/ethnicity on the
association between relapse and active disease caused by a
Beijing strain (Table 4). Asian–Pacific Islanders were not
at increased risk for relapse in the entire TBTC Study 22
cohort or in this nested case–control analysis (OR 0.6, 95%
CI 0.2–1.4, p = 0.23). However, Asian–Pacific Islanders
who had active disease caused by a Beijing strain were at

increased risk for relapse (OR 11, 95% CI 1.0–108, p =
0.04) (Table 4).
We further evaluated the association between relapse
and active disease caused by a Beijing strain among race/
ethnicity groups by using stratified analysis. In an analysis
limited to Asian–Pacific Islanders, adjustment for other risk
factors for relapse had little effect on the association between relapse and active disease caused by a Beijing strain
(adjusted OR 15.8, 95% CI 1.3–192, p = 0.03) (Table 5).
Among other race/ethnicity groups, there was no association between relapse and active disease caused by a Beijing
strain (Table 5).
Discussion
Using isolates from participants in a large prospective
trial of supervised intermittent treatment, we found that
active disease caused by a Beijing strain of M. tuberculosis was associated with a 2-fold increased risk for adverse
TB treatment outcomes. The relationship between Beijing
strains and treatment outcomes was driven by relapse because of their greater frequency and an apparent lack of any
association between Beijing strains and treatment failure.
Adjustment for the clinical, radiographic, and microbiologic risk factors for treatment failure and relapse and for
treatment assignment in TBTC Study 22 had little effect on
the association between active disease caused by a Beijing
strain and the risk for relapse. In an exploratory analysis of
the relationships of the effect of race/ethnicity on the association between Beijing strains and treatment outcomes,
Asian–Pacific Islander patients were at increased risk for
relapse if they had active disease caused by a Beijing strain,
albeit with wide CIs around the risk estimate (adjusted OR
13.9, 95% CI 1.3–164).
Two other studies have evaluated the association between the Beijing genotype and relapse. A case–control
analysis from Vietnam reported an adjusted OR of 3.2 for
treatment failure or relapse among patients with active disease caused by a Beijing strain (16), and a cohort study
from Singapore found an adjusted OR of 2.64 for relapse
associated with Beijing strains (17). Our study provides
additional support for the hypothesis that active disease
caused by a Beijing strain is associated with increased risk
for relapse (adjusted OR 2.2, 95% CI 1.0–4.9). The use of
a nested case–control analysis of carefully characterized
patients in a clinical trial enabled us to evaluate the relationship between Beijing strains and treatment outcomes
in analyses adjusted for host factors previously associated
with an increased risk for relapse. We were also able to
eliminate effects of other possible confounding factors,
such as treatment duration and adherence to treatment. Additionally, because reinfection could obscure the relationship between infection with a Beijing strain and the risk for
relapse, we were able to remove cases of reinfection from
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Table 1. Characteristics of case-patients and controls, Tuberculosis Trials Consortium Study 22*
Case-patients (treatment
Controls (patients
failure or relapse), n = 64†
cured), n = 296†
Characteristic
Demographic
Age, y, mean (SD)
42 (13)
44 (14)
Men
54 (84)
214 (72)
Treatment
Rifapentine, 1×/wk
40 (63)
151 (51)
Rifampin, 2×/wk
24 (37)
145 (49)
Ethnic origin
Non-Hispanic white
22 (34)
43 (15)
Non-Hispanic black
25 (39)
127 (43)
Hispanic
9 (14)
71 (24)
Asian–Pacific Islander
6 (9)
45 (15)
Native American
2 (3)
10 (3)
Birthplace
United States or Canada
48 (75)
200 (68)
Mexico
5 (8)
36 (12)
Europe
2 (3)
4 (1)
Southeast Asia
2 (3)
6 (2)
Western Pacific
4 (6)
33 (11)
Other
3 (5)
17 (6)
Baseline clinical features
Fever
50/62 (81)
166/289 (57)
Sweats
42/63 (67)
162/287 (56)
Cough
61 (95)
256/294 (87)
Underweight‡
38 (59)
82 (28)
Sputum smear positive
55 (86)
193/292 (66)
Baseline chest radiographic features
Cavitation
54 (84)
146/287 (51)
Bilateral pulmonary involvement
50 (78)
155/293 (53)
Two-month sputum analysis
Smear positive
16 (25)
30/285 (11)
Culture positive
33 (54)
48/267 (18)
Mycobacterium tuberculosis lineage/family
East Asian/Beijing
15 (23)
42 (14)
Euro-American
47 (73)
221 (75)
Indo-Oceanic
0
25 (8.5)
East African
1 (1.6)
3 (1.0)
Unclassified lineage
1 (1.6)
5 (1.7)

Odds ratio (95%
confidence interval)

p value

1.0 (0.97–1.01)
2.1 (1.0–4.3)

0.51
0.05

1.6 (0.9–2.8)

0.10

3.1 (1.7–5.7)
0.9 (0.5–1.5)
0.5 (0.2–1.1)
0.6 (0.2–1.4)
0.9 (0.2–4.3)

0.0002
0.57
0.08
0.23
0.92

1.4 (0.8–2.7)
0.6 (0.2–1.6)
2.4 (0.4–13.1)
1.6 (0.3–7.9)
0.5 (0.2–1.6)
0.8 (0.2–2.8)

0.24
0.32
0.31
0.59
0.24
0.74

3.1 (1.6–6.0)
1.5 (0.9–2.7)
3.0 (0.9–10.1)
3.8 (2.2–6.7)
3.1 (1.5–6.6)

0.0007
0.14
0.06
<0.0001
0.002

5.2 (2.6–10.6)
3.2 (1.7–6.0)

<0.0001
0.0002

2.8 (1.4–5.6)
5.4 (3.0–9.7)

0.002
<0.0001

1.9 (0.9–3.6)
0.9 (0.5–1.7)
0.08 (0.01–1.4)
1.6 (0.16–15.1)
0.9 (0.11–8.04)

0.07
0.84
0.01
0.54
1.00

*The Tuberculosis Trials Consortium Study enrolled patients during 1995–1998. Participants in the case–control study were selected from among 1,004
HIV-infected participants.
†Except for age, values are no. (%) or no. positive/no. tested (%).
‡Less than 10% below ideal bodyweight at diagnosis.

this analysis. That adjustment for other risk factors for relapse, such as pulmonary cavitation and being underweight,
had little effect on the association is additional evidence
that active disease caused by a Beijing strain increases the
risk for relapse.

After evolving in eastern Asia, the Beijing family of
M. tuberculosis has spread around the world (26,29). Why
might active disease caused by a Beijing strain confer an increased risk for relapse? Laboratory studies have suggested
that Beijing strains may be better adapted for intracellular

Table 2. Association between treatment failure or relapse and active disease caused by Beijing vs. other genotypes of Mycobacterium
tuberculosis, Tuberculosis Trials Consortium Study 22*
Disease caused by Beijing
Disease caused by other
genotype, n = 57
genotype, n = 303
Outcome
Odds ratio (95% CI)
p value
Cure (n = 296)
42 (14)
254 (86)
1.9 (0.9–3.6)
0.07
Failure or relapse (n = 64)
15 (23)
49 (77)
Failure (n = 8)
1 (13)
7 (88)
0.9 (0.1–6.3)
1.00
Relapse (n = 56)
14 (25)
42 (75)
2.0 (1.0–4.0)
0.04
*The Tuberculosis Trials Consortium Study enrolled patients during 1995–1998. Participants in the case–control study were selected from among 1,004
HIV-infected participants. CI, confidence interval.
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Table 3. Association between active disease caused by a Beijing genotype of Mycobacterium tuberculosis and relapse, adjusted for
clinical risk factors, Tuberculosis Trials Consortium Study 22*
Univariate analysis
Multivariate analysis
Characteristic
Odds ratio (95% CI)
p value
Odds ratio (95% CI)
p value
Infected with Beijing genotype
2.0 (1.0–4.0)
0.05
2.2 (1.0–4.9)
0.07
Non-Hispanic white race/ethnicity
3.3 (1.7–6.1)
<0.01
3.0 (1.4–6.7)
<0.01
Underweight at tuberculosis diagnosis
4.7 (2.6–8.6)
<0.01
3.7 (1.8–7.2)
<0.01
Pulmonary cavitation
5.0 (2.4–10.7)
<0.01
3.2 (1.4–7.5)
0.01
Bilateral pulmonary disease
2.9 (1.5–5.7)
<0.01
1.8 (0.9–4.0)
0.12
Two-month sputum culture positivity
4.7 (2.6–8.7)
<0.01
2.4 (1.2–4.9)
0.01

*The Tuberculosis Trials Consortium Study enrolled patients during 1995–1998. Participants in the case–control study were selected from among 1,004
HIV-infected participants. CI, confidence interval.

growth (30,31) and are more virulent in animal models of
TB, perhaps by evading immune responses (32,33). Furthermore, an altered DNA repair enzyme in Beijing isolates
that confers a mutator phenotype may confer greater flexibility to respond to adverse conditions (34), such as those
posed by multidrug therapy.
The possibility that Beijing strains evade immune
responses and are more virulent is generally borne out in
studies with humans. The Beijing family is associated with
extrapulmonary TB (35,36). That Beijing strains have been
implicated in many outbreaks of TB suggests that they may
be more efficiently transmitted or have an enhanced ability to progress to active disease than do other strains. In a
study in Russia, active disease caused by a Beijing strain
was associated with more severe radiographic manifestations of pulmonary TB (11). However, 2 smaller studies
did not find an association between Beijing strains and radiographic severity of pulmonary TB (37,38). Because of
its case–control design, our study cannot directly address
the unresolved question of whether active disease caused
by a Beijing strain is associated with radiographic severity
of disease (such a comparison would require a cohort study
design). However, adjustment for cavitation and bilateral
pulmonary involvement did not affect the association between Beijing strains and relapse in our study. This finding suggests that the mechanism of the association between
Beijing strains and relapse is not mediated by radiographic
severity of disease.
Our study suggests that the increased risk for relapse
associated with active disease caused by a Beijing strain
may be related to the race/ethnicity of the patient; risk for

relapse was higher for persons of Asian–Pacific Islander
descent. There was also a trend toward increased risk for
relapse among black patients infected with a Beijing strain,
according to univariate analysis (OR 2.9, 95% CI 1.0–8.5;
p = 0.07), although this trend was not retained in adjusted
analysis (Table 5). It is notable that the population in which
the Beijing genotype conferred the greatest risk for relapse
was of Asian–Pacific Islander race/ethnicity and that the
Beijing genotype evolved in eastern Asia. Coevolution of
the Beijing genotype among persons of East Asian descent
may have selected factors that contribute to transmissibility
and a decreased response to therapy.
Our study has at least 4 limitations. First, the cohort
from which this nested case–control analysis was drawn
was composed of patients who enrolled in a randomized
trial, who differed from the broader patient population at
study sites. One clear bias in the study population is that
TBTC Study 22 was limited to patients with drug-susceptible TB. Therefore, we cannot evaluate the association between Beijing strains and drug resistance. Second, despite
the size of the study cohort, our case–control analysis had
limited statistical power to detect associations, particularly
in exploratory analyses of the relationships between M.
tuberculosis genotype, race/ethnicity of the host, and the
risk for relapse. Third, race/ethnicity was defined by using
broad categories developed for the United States census and
used in the TB surveillance system. However, these categories are crude approximations of the genetic background of
patients. For example, the category Asian–Pacific Islander
includes several distinct ethnic groups that have substantial
differences in genetic backgrounds. We did not have access

Table 4. Association between active disease caused by a Beijing genotype of Mycobacterium tuberculosis and relapse, by racial/ethnic
background, Tuberculosis Trials Consortium Study 22*
Patients with disease that relapsed
Relapse
odds ratio
Infected with a Beijing strain,
Not infected with a Beijing strain,
Race/ethnicity
(95% CI)
p value
no. positive/no. tested (%)
no. positive/no. tested (%)
Non-Hispanic white (n = 63)
3/11 (27)
17/52 (33)
0.8 (0.2–3.3)
0.73
Non-Hispanic black (n = 148)
6/22 (27)
15/126 (12)
2.8 (0.9–8.2)
0.06
Hispanic (n = 79)
1/7 (14)
7/72 (9.7)
1.5 (0.2–15)
0.70
Asian–Pacific Islander (n = 50)
4/16 (25)
1/34 (2.9)
11 (1.1–108)
0.04
*The Tuberculosis Trials Consortium Study enrolled patients during 1995–1998. Participants in the case–control study were selected from among 1,004
HIV-infected participants. Participants of Native American race/ethnicity (n = 12) were not included because none were infected with a Beijing strain;
2 Native American participants had disease that relapsed. CI, confidence interval.
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Table 5. Multivariate analyses of association between active disease caused by a Beijing strain of Mycobacterium tuberculosis and
relapse among race/ethnicity groups while controlling for other risk factors for relapse, Tuberculosis Trials Consortium Study 22*
Asian–Pacific Islander
Non-Hispanic black
Non-Hispanic white
Hispanic
(n = 50)
(n = 148)
(n = 63)
(n = 79)
Characteristic
OR (95% CI) p value
OR (95% CI) p value
OR (95% CI) p value
OR (95% CI) p value
Infected with Beijing strain 15.8 (1.3–192)
0.03
1.8 (0.5–6.5)
0.35
1.0 (0.1–7.7)
0.98
1.0 (0.1–13)
0.97
Underweight at
3.1 (0.3–34)
0.35
2.9 (0.8–6.3)
0.15
11 (2.4–48)
<0.01
4.6 (0.9–24)
0.07
tuberculosis diagnosis
Pulmonary cavitation
2.1 (0.1–33)
0.60
4.0 (0.8–19)
0.09
2.7 (0.5–15)
0.25
6.6 (0.7–61)
0.09
Bilateral pulmonary
5.2 (0.4–69)
0.21
1.6 (0.5–4.8)
0.44
1.2 (0.2–9.9)
0.84
2.1 (0.3–15)
0.46
disease
Two-month sputum
–
–
3.3 (1.1–9.7)
0.03
3.5 (0.6–20)
0.16
4.6 (0.5–40)
0.17
culture positivity†
*The Tuberculosis Trials Consortium Study enrolled patients during 1995–1998. Participants in the case–control study were selected from among 1,004
HIV-infected participants. OR, odds ratio; CI, confidence interval.
†Not included for Asian–Pacific Islander patients because none were culture positive at 2 months.

to human genetic material that would enable precise delineation of the genetic backgrounds of the trial’s participants.
Fourth, we did not adjust for multiple comparisons, and
our study should be viewed as an exploratory, hypothesisgenerating analysis.
In summary, our study offers additional evidence that
a common genotype of M. tuberculosis, the Beijing family,
is associated with increased risk for relapse after completion of supervised short-course TB treatment. The finding
that the population at greatest risk for relapse if they had
active disease caused by a Beijing genotype was persons
of Asian–Pacific Islander race/ethnicity suggests that the
coevolution of this bacterial strain and the human population may have selected factors that confer a poor response
to therapy.
This study was supported by the US Centers for Disease
Control and Prevention, Atlanta, GA, USA.
Dr Burman is medical director of the Infectious Diseases
Clinic of Denver Public Health and an investigator in the Tuberculosis Trials Consortium. His primary research interest is in the
design and implementation of randomized clinical trials to improve the treatment of TB and HIV disease.
References
1.

2.

3.

1066

Tuberculosis Trials Consortium. Once-weekly rifapentine and isoniazid versus twice-weekly rifampin and isoniazid in the continuation phase of therapy for drug-susceptible pulmonary tuberculosis: a
prospective, randomized clinical trial among HIV-negative persons.
Lancet. 2002;360:528–34. DOI: 10.1016/S0140-6736(02)09742-8
Weis SE, Slocum PC, Blais FX, King B, Nunn M, Matney GB, et
al. The effect of directly observed therapy on the rates of drug resistance and relapse in tuberculosis. N Engl J Med. 1994;330:1179–84.
DOI: 10.1056/NEJM199404283301702
Sonnenberg P, Murray J, Glynn JR, Shearer S, Kambashi B, Godfrey-Faussett P. HIV-1 and recurrence, relapse, and reinfection of tuberculosis after cure: a cohort study in South African mineworkers.
Lancet. 2001;358:1687–93. DOI: 10.1016/S0140-6736(01)06712-5

4.

5.

6.
7.
8.

9.

10.

11.

12.

13.

14.

15.

Verver S, Warren RM, Beyers N, Richardson M, van der Spuy GD,
Borgdorff MW, et al. Rate of reinfection tuberculosis after successful
treatment is higher than rate of new tuberculosis. Am J Respir Crit
Care Med. 2005;171:1430–5. DOI: 10.1164/rccm.200409-1200OC
Jasmer RM, Bozeman L, Schwartzman K, Cave MD, Saukkonen
JJ, Metchock B, et al. Recurrent tuberculosis in the United States
and Canada: relapse or reinfection? Am J Respir Crit Care Med.
2004;170:1360–6. DOI: 10.1164/rccm.200408-1081OC
Zierski M, Bek E, Long MW, Snider DE Jr. Short-course (6 month)
cooperative tuberculosis study in Poland: results 18 months after
completion of treatment. Am Rev Respir Dis. 1980;122:879–89.
Aber VR, Nunn AJ. Short-term chemotherapy of tuberculosis. Factors affecting relapse following short-course chemotherapy. Bull Int
Union Tuberc. 1978;53:276–80.
Chang KC, Leung CC, Yew WW, Ho SC, Tam CM. A nested casecontrol study on treatment-related risk factors for early relapse of
tuberculosis. Am J Respir Crit Care Med. 2004;170:1124–30. DOI:
10.1164/rccm.200407-905OC
Hong Kong Chest Service/Tuberculosis Research Centre Madras/
British Medical Research Council. A controlled clinical comparison
of 6 and 8 months of antituberculosis chemotherapy in the treatment
of patients with silicotuberculosis in Hong Kong. Am Rev Respir
Dis. 1991;143:262–7.
Ramakrishnan CV, Bhatia AL, Fox W, Mitchison DA, Radhakrishna
S, Selkon JB, et al. The virulence in the guinea-pig of tubercle bacilli isolated before treatment from South Indian patients with pulmonary tuberculosis. 3. Virulence related to pretreatment status of
disease and to response to chemotherapy. Bull World Health Organ.
1961;25:323–38.
Drobniewski F, Balabanova Y, Nikolayevsky V, Ruddy M, Kuznetzov S, Zakharova S, et al. Drug-resistant tuberculosis, clinical virulence, and the dominance of the Beijing strain family in Russia.
JAMA. 2005;293:2726–31. DOI: 10.1001/jama.293.22.2726
Agerton TB, Valway SE, Blinkhorn RJ, Shilkret KL, Reves RR,
Schulter WW, et al. Spread of Strain W, a highly drug-resistant strain
of Mycobacterium tuberculosis, across the United States. Clin Infect
Dis. 1999;29:85–92. DOI: 10.1086/520187
Caminero JA, Pena MJ, Campos-Herrero MI, Rodriguez JC, Garcia I, Cabrera P, et al. Epidemiological evidence of the spread of a
Mycobacterium tuberculosis strain of the Beijing genotype on Gran
Canaria Island. Am J Respir Crit Care Med. 2001;164:1165–70.
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 disease. J Clin Microbiol.
2007;45:1483–90. DOI: 10.1128/JCM.02191-06
Anh DD, Borgdorff MW, Van LN, Lan NT, van Gorkom T, Kremer
K, et al. Mycobacterium tuberculosis Beijing genotype emerging in
Vietnam. Emerg Infect Dis. 2000;6:302–5.

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 15, No. 7, July 2009

Relapse and Beijing Strain of M. tuberculosis
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

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;9:1633–5.
Sun YJ, Lee AS, Wong SY, Paton NI. Association of Mycobacterium tuberculosis Beijing genotype with tuberculosis relapse in
Singapore. Epidemiol Infect. 2006;134:329–32. DOI: 10.1017/
S095026880500525X
Filliol I, Driscoll JR, van Soolingen D, Kreiswirth BN, Kremer
K, Valetudie G, et al. Snapshot of moving and expanding clones
of Mycobacterium tuberculosis and their global distribution assessed by spoligotyping in an international study. J Clin Microbiol.
2003;41:1963–70. DOI: 10.1128/JCM.41.5.1963-1970.2003
Hirsh AE, Tsolaki AG, DeRiemer K, Feldman MW, Small PM.
Stable association between strains of Mycobacterium tuberculosis and their human host populations. Proc Natl Acad Sci U S A.
2004;101:4871–6. DOI: 10.1073/pnas.0305627101
Gagneux S, DeRiemer K, Van T, Kato-Maeda M, de Jong BC,
Narayanan S, et al. Variable host-pathogen compatibility in Mycobacterium tuberculosis. Proc Natl Acad Sci U S A. 2006;103:2869–
73. DOI: 10.1073/pnas.0511240103
Gagneux S, Small PM. Global phylogeography of Mycobacterium
tuberculosis and implications for tuberculosis product development. Lancet Infect Dis. 2007;7:328–37. DOI: 10.1016/S1473-3099
(07)70108-1
Vernon A, Burman W, Benator D, Khan A, Bozeman L. Relapse with
rifamycin mono-resistant tuberculosis in HIV-infected patients treated with supervised once-weekly rifapentine and isoniazid. Lancet.
1999;353:1843–7. DOI: 10.1016/S0140-6736(98)11467-8
van Embden JD, Cave MD, Crawford JT, Dale JW, Eisenach KD,
Gicquel B, et al. Strain identification of Mycobacterium tuberculosis
by DNA fingerprinting: recommendations for a standardized methodology. J Clin Microbiol. 1993;31:406–9.
Molhuizen HO, Bunschoten AE, Schouls LM, van Embden JD. Rapid detection and simultaneous strain differentiation of Mycobacterium tuberculosis complex bacteria by spoligotyping. Methods Mol
Biol. 1998;101:381–94.
Cowan LS, Diem L, Brake MC, Crawford JT. Transfer of a Mycobacterium tuberculosis genotyping method, spoligotyping, from a
reverse line-blot hybridization, membrane-based assay to the Luminex multianalyte profiling system. J Clin Microbiol. 2004;42:474–7.
DOI: 10.1128/JCM.42.1.474-477.2004
Glynn JR, Whiteley J, Bifani PJ, Kremer K, van Soolingen D.
Worldwide occurrence of Beijing/W strains of Mycobacterium tuberculosis: a systematic review. Emerg Infect Dis. 2002;8:843–9.
Kremer K, Glynn JR, Lillebaek T, Niemann S, Kurepina NE, Kreiswirth BN, et al. Definition of the Beijing/W lineage of Mycobacterium tuberculosis on the basis of genetic markers. J Clin Microbiol.
2004;42:4040–9. DOI: 10.1128/JCM.42.9.4040-4049.2004
U.S. Census Bureau. Asian and Pacific Islander populations [cited 14 September 2008]. Available from http://www.census.gov/
population/www/socdemo/race/api.html

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

European Concerted Action on New Generation Genetic Markers
and Techniques for the Epidemiology and Control of Tuberculosis.
Beijing/W genotype Mycobacterium tuberculosis and drug resistance. Emerg Infect Dis. 2006;12:736–43.
Zhang M, Gong J, Yang Z, Samten B, Cave MD, Barnes PF. Enhanced capacity of a widespread strain of Mycobacterium tuberculosis to grow in human macrophages. J Infect Dis. 1999;179:1213–7.
DOI: 10.1086/314738
Li Q, Whalen CC, Albert JM, Larkin R, Zukowski L, Cave MD,
et al. Differences in rate and variability of intracellular growth of
a panel of Mycobacterium tuberculosis clinical isolates within a
human monocyte model. Infect Immun. 2002;70:6489–93. DOI:
10.1128/IAI.70.11.6489-6493.2002
Dormans J, Burger M, Aguilar D, Hernandez-Pando R, Kremer K,
Roholl P, et al. Correlation of virulence, lung pathology, bacterial
load and delayed type hypersensitivity responses after infection with
different Mycobacterium tuberculosis genotypes in a BALB/c mouse
model. Clin Exp Immunol. 2004;137:460–8. DOI: 10.1111/j.13652249.2004.02551.x
Lopez B, Aguilar D, Orozco H, Burger M, Espitia C, Ritacco V, et al.
A marked difference in pathogenesis and immune response induced
by different Mycobacterium tuberculosis genotypes. Clin Exp Immunol. 2003;133:30–7. DOI: 10.1046/j.1365-2249.2003.02171.x
Ebrahimi-Rad M, Bifani P, Martin C, Kremer K, Samper S, Rauzier J, et al. Mutations in putative mutator genes of Mycobacterium
tuberculosis strains of the W-Beijing family. Emerg Infect Dis.
2003;9:838–45.
Kong Y, Cave MD, Zhang L, Foxman B, Marrs CF, Bates JH, et
al. Association between Mycobacterium tuberculosis Beijing/W lineage strain infection and extrathoracic tuberculosis: insights from
epidemiologic and clinical characterization of the three principal
genetic groups of M. tuberculosis clinical isolates. J Clin Microbiol.
2007;45:409–14. DOI: 10.1128/JCM.01459-06
Caws M, Thwaites G, Dunstan S, Hawn TR, Lan NT, Thuong NT, et
al. The influence of host and bacterial genotype on the development
of disseminated disease with Mycobacterium tuberculosis. PLoS
Pathog. 2008;4:e1000034. DOI: 10.1371/journal.ppat.1000034
van Crevel R, Nelwan RH, de Lenne W, Veeraragu Y, van der Zanden AG, Amin Z, et al. Mycobacterium tuberculosis Beijing genotype strains associated with febrile response to treatment. Emerg
Infect Dis. 2001;7:880–3.
Borgdorff MW, van Deutekom H, de Haas PE, Kremer K, van
Soolingen D. Mycobacterium tuberculosis, Beijing genotype strains
not associated with radiological presentation of pulmonary tuberculosis. Tuberculosis (Edinb). 2004;84:337–40. DOI: 10.1016/j.
tube.2003.10.002

Address for correspondence: William J. Burman, Infectious Disease
Clinic, Denver Public Health, 605 Bannock St, Denver, CO 80204, USA;
email: bburman@dhha.org

New content
available for
selected articles
each month
http://www.cdc.gov/ncidod/EID/podcast/index.htm

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 15, No. 7, July 2009

ONLINE ONLY

1067

