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Abstract

Background—Resistance to second-line anti-tuberculosis drugs (SLD) severely compromises
treatment options of drug-resistant tuberculosis (TB). We assessed the association between
acquisition of resistance (AR) to second-line injectable drugs (SLI) or fluoroguinolones (FQ) and
mortality among TB cases confirmed by positive culture results with available initial and final
drug susceptibility test (DST) results.

Methods—We analyzed data from U.S. National TB Surveillance System, 1993-2008. Acquired
resistance was defined as drug susceptibility at initial DST but resistance to the same drug at final
DST. We compared survival with Kaplan-Meier curves and analyzed the association between AR
and mortality using a univariate extended Cox proportional hazards model adjusted for age.

Results—Of 2,329 cases with both initial and final DST to SLI, 49 (2.1%) acquired resistance;
13/49 (26.5%) had treatment terminated by death versus 222 (10.0%) of those without AR to SLI
(P<0.001). Of 1,187 cases with both initial and final DST to FQ, 32 (2.8%) acquired resistance;
12/32 (37.5%) had treatment terminated by death versus 121 (10.9%) of those without AR to FQ
(P=0.001). Controlling for age, mortality was significantly greater among cases with AR to SLD
than among cases without AR (adjusted hazard ratio (aHR)[SLI], 2.8; 95% confidence interval
(CD),1.4-5.4; aHR[FQ], 1.9; 95% CI,1.0-3.5). MDR TB at treatment initiation, positive HIV
status, and extrapulmonary disease were also significantly associated with mortality.

Conclusion—Mortality was significantly greater among TB cases with AR to SLD. Providers

should consider AR to SLD early in treatment, monitor DST results, and avoid premature deaths.
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Introduction

Methods

In 2013, the World Health Organization (WHO) reported approximately 4% of new
tuberculosis (TB) cases and 20% of previously treated TB cases globally had multidrug-
resistant (MDR) TB, defined as TB resistant to at least isoniazid and rifampicin. Among all
MDR-TB cases globally, about 10% also had resistance to at least one injectable second-line
drug and a fluoroquinolone, i.e., extensively drug-resistant (XDR) TB [1]. The acquisition of
resistance (AR) to second-line drugs (SLD) presents a serious challenge to treating patients
with drug-resistant TB worldwide.

Acquired drug resistance can be attributed to several factors, such as poor adherence to
treatment, poor clinical management, and inadequate or unstable drug supply [2]. Treatment
of drug-resistant tuberculosis takes longer, is more toxic, more expensive and less effective
than treatment of pan-sensitive TB [3-4]. The Global Plan to Stop TB 2011-2015 estimates
that $900 million would have been needed in 2013 to address MDR TB worldwide,
including up to $300 million for second-line drugs alone [5].

The acquisition of resistance to second-line anti-TB drugs during treatment can lead to XDR
TB [6]. Treatment outcomes among patients with XDR TB are poor; only 33% have
treatment success, and 26% die from TB [1, 5-9]. Despite the decreasing number of TB
cases and low prevalence of MDR TB, acquisition of resistance to second-line anti-TB drugs
during treatment still occurs in the United States [6, 10-11, 13-14]. Understanding the
consequences of AR to SLD is important for prognosis and development of strategies for
improving outcomes among patients with drug-resistant forms of TB.

The objective of our study was to assess the effect of AR to key SLD on mortality among
the subset of TB cases with repeated drug susceptibility tests (DST) for second-line drugs in
the United States.

We analyzed data from the National TB Surveillance System (NTSS) at the U.S. Centers for
Disease Control and Prevention (CDC) for the years 1993-2008. Each record in NTSS
represents one case of TB. Variables in NTSS include demographic and clinical
characteristics, initial drug regimen, length of treatment, and conventional phenotypic DST
results [11]. While testing and reporting DST results for isoniazid, rifampicin and
ethambutol is routine for the initial positive culture in the United States, second-line DST
and repeated DST are performed only when indicated. There are no standard guidelines for
conducting second-line DST testing in the United States. Each state follows their own
algorithm which is typically based on individual physician practices. Possible indications for
SLD DST may be a combination of demonstrated resistance to the first-line drugs, high
index of suspicion for MDR TB (e.g., born in region with a high prevalence of drug
resistance, previous episode or incomplete TB treatment) or poor treatment response during
the current TB episode. DST to SLD usually implies that a physician has considered
initiating second-line anti-tuberculosis treatment.
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A subset of culture-confirmed TB cases with both initial and final DST results to second-
line anti-TB drugs were included in the analysis and described elsewhere [13]. To
understand the effect of AR to SLD on mortality during treatment, we compared death rates
among TB cases with and without AR to SLD. For all individual drugs tested the initial DST
was defined as the first reported DST result, and final DST was defined as the last reported
DST result. For this analysis SLD included injectable second-line drugs (SLI) specifically:
amikacin, kanamycin, capreomycin; and fluoroquinolones (FQ) including: ofloxacin and
ciprofloxacin. AR was defined as drug susceptibility at initial DST but resistance to the
same drug at final DST.

We used Kaplan-Meier curves to visually compare unadjusted survival rates among TB
cases with and without AR, testing the difference between strata with the log-rank test. Cox
proportional hazards modeling was used to assess the effect of AR to SLD on survival time
during treatment. We graphed log (-log [Survival Probability]) versus log (time) to test the
proportional hazards assumption. We excluded cases with initial resistance to these specific
SLD since they were not at risk for acquired resistance. We calculated survival time using
the difference between the treatment start date and treatment end date. The Wilcoxon test
was used to compare median time to death among TB cases with and without AR to SLD.

In NTSS the reasons for stopping treatment included completion of treatment, moved,
refused, lost to follow-up, died, or other/unknown; no data are available for cause of death.
Thus we used death as the study endpoint, with date treatment stopped presumed to be the
date of death. Otherwise cases were censored at the treatment end date, where the reasons
for stopping treatment included completion of treatment, moved, refused, or lost to follow-
up. Hazard ratios adjusted for age (aHR) and 95% confidence intervals (CI) were used to
measure the magnitude and precision of the association of AR with the probability of death
during treatment. We used an extended Cox proportional hazards model with time-
dependent coefficients to assess the effect of AR to SLI since the Kaplan-Meier curves of
those with and without AR to SLI intersected at the 8 month point in time. We investigated
other possible demographic and clinical predictors of death, including sex, illicit drug use,
HIV status, sites of disease, presence of MDR TB at diagnosis, and use of any SLD in the
initial regimen. Illicit drug use was defined as reported use of injection or non-injection
illicit drugs within the year prior to diagnosis. The HIV variable was recoded to include two
subgroups: positive and not-positive cases. We divided anatomic site of disease into two
groups: pulmonary only versus any extrapulmonary disease. A p-value <0.05 was
considered statistically significant. Analysis was conducted utilizing SAS software version
9.3 (SAS Institute, Cary, North Carolina).

Because TB is a reportable disease in all U.S. jurisdictions, and the data for NTSS are
collected as part of routine public health practice, this project was determined at CDC to not
be human subjects research. The researchers obtained permission for the use of NTSS data
following specific established procedure and training assuring the confidentiality of the data.
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During 1993-2008, a total of 222,897 TB cases confirmed by positive culture results were
reported to CDC including 211,731 (95%) cases with initial DST to first line anti-TB drugs
and 31,733 (14%) cases with DST results to any second line drugs (Figure 1a). DST results
to second line anti-TB drugs were reported for 74% of cases with initial multi-drug
resistance, and for 11% of cases without any resistance to first line drugs (Figure 1a).
Among all cases with initial DST to first line drugs, cases with and without initial DST to
second line drugs had similar gender distribution (64.5% and 63.9% respectively were
males, p=0.03), mean age (48 years old, p=0.02), site of disease (75.6% and 74.8%
respectively had pulmonary TB, p<0.0001) and HIV status (11.0% and 11.4% respectively
reported HIV positive status, p<0.0001). Among individuals with initial DST to SLD 6.6%
were previously diagnosed with TB disease versus 4.9% among those without initial DST to
SLD (p<0.0001).

Of 31,733 cases with initial DST results to any SLD, 2,329 cases had both initial and final
DST results to SLI and 1,187 cases had both initial and final DST results to FQ (Figure 1b,
1c). Demographic and clinical characteristics of cases with AR to SLI and AR to FQ were
described previously [13].

SLI analytic group

Out of 31,226 cases with initial DST results to SLI, 820 (2.6%) had reported resistance to
any SLI. Both initial and final DST results to SLI were reported in 2,329 cases (SLI analytic
group). Compared to 28,897 cases with only initial DST to SLI, cases in the SLI analytic
group were significantly younger (mean age 46 years old versus 48, p<0.0001), were more
likely to have HIV (15% versus 11%, p<0.0001) and pulmonary disease (87% versus 75%,
p<0.0001); 61% were males (versus 64%, p=0.001). Among individuals with initial DST to
SLI 10.3% died during treatment (Figure 1b).

Of 2,329 cases in SLI analytic group, 49 (2.1%) acquired resistance to at least one SLI
during treatment, while 55 (2.4%) cases had initial resistance to SLI (Figure 1b). Among 49
cases with AR to SLI, 35 (71%) acquired resistance to capreomycin, 16 (33%) to
kanamycin, and 7 (14%) to amikacin. Two persons acquired resistance to all three SLI.
Median time between initial and final DST was 6 months among cases with AR to SLI, 3
months among cases with initial resistance to SLI and 2 months among cases without any
resistance. Initial resistance to any FLD was reported in 98% (48/49) cases with AR to SLI
versus 45% (1008/2225) among cases without AR to SLI (Table 1).

Of 49 individuals with AR, 13 (26.5%) died during treatment versus 18.2% (10/55) with
initial resistance and 10.0% (222/2,225) who did not acquire resistance. Among 2,329 cases
in the SLI analytic group, 561 (24.1%) were MDR TB at treatment initiation (Table 1). Of
34 MDR TB individuals at treatment initiation who acquired resistance to SLI, 11 (32.4%)
died during treatment, versus 20.8% (10/48) among those with MDR and initial resistance to
any SLI and 17.6% (83/479) among individuals with MDR who did not acquire resistance
during treatment. We compared unadjusted survival rates using Kaplan-Meyer curves of
2,274 cases with and without AR to SLI during treatment, having excluded 55 cases with
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initial resistance to SLI. After 8 months of treatment, the survival was significantly worse
among the cases with AR compared to cases without AR (p=0.02) (Figure 2). The median
time to death among those with AR to SLI who died during treatment was 14.5 months
(IQR:9-19) versus 9.2 months (IQR:3-13) among individuals without AR to SLI who died
during treatment (p=0.02).

After controlling for age, the mortality rate was significantly higher among cases with AR to
SLI after 8 months of treatment (aHR, 2.8; 95% Cl, 1.4-5.4) compared to cases without AR
(Table 2). Higher mortality rate was also associated with illicit drug use (aHR, 2.0; 95% ClI,
1.4-2.9), positive HIV status (aHR, 10.9; 95% ClI, 7.5-15.8), MDR TB at treatment
initiation (aHR, 1.6; 95% CI, 1.2-2.1), extrapulmonary disease (aHR, 2.6; 95% ClI, 1.9-3.4)
and Directly Observed Therapy (aHR, 2.5; 95% Cl, 1.9-3.4).

FQ analytic group

Of 15,337 cases with initial DST to FQ, 499 (3.3%) had reported resistance to any FQ. Both
initial and final DST results to FQ were reported in 1,187 cases (FQ analytic group).
Compared to 14,150 cases with only initial DST to FQ, cases in the FQ analytic group were
older (mean age 45 years old versus 43 years old, p<0.0001), were more likely to have HIV
(19% versus 14%, p<0.0001) and pulmonary disease (85% versus 71%, p<0.0001); 68%
were males (versus 63%, p=0.001). Among individuals with initial DST to FQ 9.8% died
during treatment (Figure 1c).

Of 1,187 cases in FQ analytic group, 32 (2.7%) acquired resistance to at least one FQ during
treatment, while 46 (3.9%) cases had initial resistance to FQ (Figure 1c). Among 32 cases
with AR to FQ, 20 (63%) acquired resistance to ciprofloxacin and 14 (44%) to ofloxacin.
Two persons acquired resistance to both FQ. Median time between initial and final DST was
5 months among cases with AR to FQ, 3 months among cases with initial resistance to FQ
and 2 months among cases without any resistance. Initial resistance to any FLD was
reported in 94% (30/32) cases with AR to FQ versus 64% (708/1109) among cases without
AR to FQ (Table 1).

Of 32 individuals with AR to FQ, 12 (37.5%) died during treatment versus 2.2% (1/46) with
initial resistance and 10.9% (121/1,109) who did not acquire resistance. Among 1,187 cases
in the FQ analytic group, 405 (34.1%) were MDR TB at treatment initiation (Table 1). Of 24
individuals with MDR TB at treatment initiation who acquired resistance to FQ, 10 (41.7%)
died during treatment, compared to 3.2% (1/31) among those with MDR and initial
resistance to any FQ; and 18.0% (63/350) among those with MDR at treatment initiation
who did not acquire resistance during treatment. Similar to the SLI group, the survival in the
FQ analytic group was significantly lower among cases with AR compared to cases without
AR (p=0.03) (Figure 3), excluding 46 cases with initial resistance to FQ. The median time to
death among those with AR to FQ who died during treatment was 18.4 months (IQR:8.5—
24) versus 9.8 months (IQR:3-15) among individuals without AR to FQ who died during
treatment (p=0.047).

In the FQ analytic group, after adjusting for age, cases with AR to FQ had almost 2-fold
greater mortality rate than cases without AR to FQ (aHR, 1.9; 95% Cl, 1.0-3.6) (Table 3). A
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greater mortality rate in this group was also associated with illicit drug use (aHR, 2.4; 95%
Cl, 1.6-3.7), positive HIV status (aHR, 11.5; 95% CI, 6.7-19.5), MDR TB at treatment
initiation (aHR, 1.8; 95% CI, 1.2-2.5), extrapulmonary disease (aHR, 3.6; 95% ClI, 2.5-5.1)
and Directly Observed Therapy (aHR, 3.1; 95% Cl, 2.1-4.5).

Of 1,155 culture-positive cases with initial and final DST results to both SLI and FQ, 72
were excluded due to initial resistance to any SLDs. Of the remaining 1,083 cases, 5 (0.5%)
acquired resistance to both SLI and FQ. All five had MDR TB at the initial DST, thus they
got XDR TB. All five cases were HIV positive and occurred before 2001. One person from
5 acquired XDR TB cases completed therapy while four others died during treatment.

Discussion

This study describes the mortality associated with AR to two crucial classes of anti-TB
medications for treating MDR TB, the injectable agents and fluoroguinolones. During 1993—
2008, 49 cases acquired resistance to SLI and 13 of the patients (26.5%) died during
treatment. Among the 32 individuals with acquired resistance to FQ, 12 (37.5%) died during
treatment. Mortality among individuals without acquired resistance to SLI or FQ was less
than 11% in both groups. Although the survival rate was significantly lower among
individuals with AR to SLD compared to those without AR, the median time to death among
individuals with AR was longer than among those without AR. Biologically this might be
explained by the fall and rise phenomenon frequently experienced by patients who receive a
failing treatment regimen. This is the period of time when the majority of bacilli that are
drug-susceptible are eliminated by chemotherapy, while drug-resistant bacilli continue to
proliferate eventually replacing drug-susceptible bacilli as the dominant population [15]. In
addition, the longer time to death in individuals acquiring AR may partly be artificial, in that
patients who die earlier have less time for AR to develop and be documented. Greater
mortality was significantly associated with AR to SLD in both analytic groups; it was 2.8-
fold greater among individuals with acquired resistance to at least one SLI and 1.9-fold
greater among individuals with acquired resistance to at least one FQ, compared to those
without any AR.

To our knowledge, data are limited on the consequences of AR to SLD during treatment,
particularly the impact of AR on mortality. A recent individual patient data (IPD) meta-
analysis assessed the impact of initial resistance to FQ and SLI on outcomes of MDR TB
patients worldwide [9]. Similar to this IPD meta-analysis our results indicated treatment
success was less likely in patients who had more advanced disease, HIV infection, or an
initial TB regiment including SLD. Several research groups have reported the development
of FQ-resistant TB and XDR TB during treatment [3, 6, 9, 16], but not the consequences of
this acquisition of resistance. FQ exposure before TB diagnosis was associated with an
increased risk of death among TB patients reported in Tennessee, USA during 2007-2009
[16].

Our study had several limitations. In the United States, initial DST for first-line drugs is
performed routinely, but DST for second-line drugs and final DST are performed only when
requested by the physician; wherein standard nation-wide guidelines for second-line DST
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testing are not available in the US. Therefore, most of the cases did not have final DST or
DST results for SLD. Thus these results may not be generalizable to all cases confirmed by
positive culture results, reported in the U.S. during the study period. The calculated
mortality rate was similar between individuals with only initial DST to SLD and those with
both, initial and follow-up DST to SLD without acquired resistance to SLD in both analytic
groups (Figure 1b and 1c), however. This suggests that selection bias might be negligible.
Also, TB genotyping was not available during most of the study period [17], so we were
unable to assess the potential of mixed infection, cross-contamination, and re-infection with
both drug-susceptible and drug-resistant strains. Thus there was a risk of misclassification
for AR; however we believe that this risk was minimal, as the prevalence of mixed infection
and the likelihood of reinfection are low in the United States [18]. In addition, some TB
patients initially susceptible to SLD died or were lost to follow up before the second set of
susceptibility testing was done. Thus, this study underestimates the real number of cases
with acquired SLD resistance in the United States, but it is based on the most complete
national data currently available. Finally, only the initial treatment regimen is reported in
NTSS, and important changes to therapy, especially for drug-resistant TB, could be made
during treatment. Accordingly, we did not have detailed information regarding TB treatment
for this analysis. We also could not estimate association between risk of death and side-
effects of drugs or comorbidities during TB treatment because correspondent data were not
available in the NTSS. However CDC has planed to establish an MDR/XDR TB registry
that collects information on treatment regimens, drugs adverse effects and other
comorbidities with the aim to further investigate this issue [19, 20]. Additionally, the
relatively small number of patients with AR did not allow us to adjust estimates for AR for
factors other than age in the multivariable regression model.

In conclusion, the probability of death during TB treatment was significantly greater among
TB cases with AR to SLD than among cases with baseline resistance to the same drugs and
cases without resistance to those drugs, indicating the need for more vigilant clinical
monitoring and timely repeat DST during the course of treatment. Providers should consider
possibility of emergence of AR to SLD and monitor DST results in cases with increased risk
of AR to SLD, including individuals with MDR TB, positive HIV status or extrapulmonary
disease.
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Summary

This study provides an assessment of factors associated with mortality during treatment
among TB patients with acquired resistance to key classes of second-line antituberculosis
drugs. These data may be important for developing strategies for improving outcomes
among patients with drug-resistant forms of TB.
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Figure 1 (b)
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Figure 1 (c)
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v
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e
H . =

Died: Died: Died:
12 (37.5%) 121 (10.9%) 1(2.2%)

Figure 1.
Figure 1(a). Selection of cases with initial DST to any SLD (31,733)

Notes: DST: drug susceptibility test, SLD: second-line drugs, FLD: first-line drugs, MDR:
multidrug resistance, *: percentage calculated from the number in the above box

Figure 1(b). Selection of study population: second-line injectable drugs

Notes: DST: drug susceptibility test, SLI: second-line injectable drugs, AR: acquired
resistance

Figure 1(c). Selection of study population: fluoroquinolones

Notes: DST: drug susceptibility test, FQ: fluoroquinolones, AR: acquired resistance
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Figure 2. Survival during treatment among TB cases with and without acquired resistance to

second-line injectable drugs, United States, 1993 — 2008
Notes: AR: acquired resistance
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Figure 3. Survival during treatment among TB cases with and without acquired resistance to
fluoroquinolones, United States, 1993 — 2008

Notes: AR: acquired resistance

Clin Infect Dis. Author manuscript; available in PMC 2016 March 09.



Page 15

Ershova et al.

159] Aujigndaosns Bnup :1SQ@ ‘joinqueyis :gNg ‘uiordwels 41y ‘pizetuosi :HN| ‘souelsisal Bnipinw :H¥aiN ‘sbnip ajgerdslul sulj-puodss 1S ‘aaurlsisal palinboe (4 ‘sbnip aulj-1siiy :g14 :S810N

0 (%z0) 2 0 0 (%2'0) 9 0 1SQ aull T Buissin
(%02) € (%8'5) v (%09) ¥ (%1°29) ¥ (%e€) L5 (weer) ¢ aouelsisal giNg
0 (%073) 8¢ (%52 T (%zvT) T (%) 92 (%69°92) ¥ aouEsIsaI-ouow 41y
(%ees) 8 (%z'2v) 0ze (%529) § (%62v) € (%0°92) €5 (%2°99) 0T aouelsisal-ouow HNI
(%L°9) L (%9°25) 66€ (%0°G2) ¢ (%672r) € (%v'69) TTCT (%29) T "deosns 41y pue HNI
(%9°2€) ST (%¥'89) 6GL (%0'52) 8 (%L21) L (%5'82) 9v.L'T (%9°0¢) ST dalN uoN
(wzvL) €2 (%6°09) €12 (%z'6L) 6T (%t°s8) Tv (%b'29) SLe (%L2'29) €2 aouelsisal gINT
(%v°29) 1€ (%91€) 05€ (%0°52) vz (%e'28) 87 (%S'T2) 6L (%v'69) € YA
(%) u (%) u (%) u (%) u (%) u (%) u
(9v=N) O 03 'saa femiul | (60T'T=N) ¥V ON | (¢€=N) }¥V | (5G=N) I1S 03 'sad feul | (Ggz'g=N) ¥V ON | (6v=N) ¥V

sauojouinboJon|4

sbnap ajgeldslul auij-puodss

714 01 duRISISal [eilIu|

8002 — £66T ‘Se1e1S palun ‘sbnip aulj-puooas 01 sourlsisal palinboe INOYIM pue YlIm sased g Buowre sBnip g1 -nue aulj-1si1) 0} 8ouelsisal [eniu|

Author Manuscript

T alqel

Author Manuscript

Author Manuscript

Author Manuscript

Clin Infect Dis. Author manuscript; available in PMC 2016 March 09.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Ershova et al. Page 16

Table 2

Acquired resistance to second-line injectable drugs and other predictors of death”

Age Adjusted

Hazard Ratio 95% Confidence Intervals

Characteristic Hazard Ratio | 95% Confidence Intervals

AR to SLI (<8 months of treatment)
Yes 11 04-34 1.4 04-45

No Reference Reference

AR to SLI (>8 months of treatment)

Yes 24 13-47 2.8 14-54
No Reference Reference

Age groups
0-24 0.6 03-13
25-44 15 11-21 N/A N/A
45-64 Reference
> 64 35 24-51

Gender
Male 1.2 09-16 11 0.8-15
Female Reference Reference

Ilicit drugs use

Yes 1.6 11-23 2.0 1.4-29
No Reference Reference

HIV status
Positive 5.0 39-65 8.8 6.5-11.9
Not positive Reference Reference

MDR TB
Yes 1.3 10-18 1.6 12-21
No Reference Reference

Site of disease
Any Extrapulmonary 2.3 18-31 2.6 19-34

Pulmonary only Reference Reference

Initial regimen

Any SLD 15 11-20 1.7 12-22
No SLD Reference Reference

DOT
Self-administrated 2.8 21-37 25 19-34
Directly observed Reference Reference

Notes: AR: acquired resistance, SLI: second-line injectable drugs, N/A: not available, HIV: human immunodeficiency virus, MDR TB: multidrug-
resistant tuberculosis, SLD: second-line drugs, DOT: Directly Observed Therapy.
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*
Results received using Cox Proportional Hazard regression
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Acquired resistance to fluoroquinolones and other predictors of death”
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Characteristic Hazard Ratio | 95% Confidence Intervals | Age Adjusted Hazard Ratio | 95% Confidence Intervals

AR to FQ
Yes 2.0 11-36 1.9 1.0-35
No Reference Reference

Age groups
0-24 0.7 03-15
25-44 15 1.0-23 N/A N/A
45 -64 Reference
> 64 3.6 22-6.1

Sex
Male 1.6 11-23 14 09-21
Female Reference Reference

Ilicit drugs use
Yes 21 14-33 24 16-3.7
No Reference Reference

HIV status
Positive 6.5 46-9.2 9.8 6.6 -14.6
Not positive Reference Reference

MDR TB
Yes 1.6 1.1-23 1.8 12-25
No Reference Reference

Site of disease
Any Extrapulmonary 33 23-47 3.6 25-51
Pulmonary only Reference Reference

Initial regimen
Any SLD 15 1.0-23 1.6 11-24
No SLD Reference Reference

DOT
Self-administrated 3.2 22-47 31 21-45
Directly observed Reference Reference

Notes: AR: acquired resistance, FQ: fluoroquinolones, N/A: not available, HIV: human immunodeficiency virus, MDR TB: multidrug-resistant

tuberculosis, SLD: second-line drugs, DOT: Directly Observed Therapy.

*
Results received using Cox Proportional Hazard regression
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