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Abstract
Background Sputum smear and culture examination were used as bacteriological marker to monitor
multidrug-resistant tuberculosis (MDR-TB) treatment. We aimed to identify the strongest contributing
factors that affect time-to sputum bacteriological conversion, and to develop a practical risk score

Methods Patients treated with shorter MDR-TB treatment regime between June 07, 2016 and June 22,
2018 from three major drug-resistance TB centres in Guinea, who had a positive smear or culture at
baseline, and who had rifampicin resistance were analysed. Sputum bacteriological conversion was
de�ned as two consecutive negative smear or culture taken at least 30 days apart. Cox regression model
was used to analyse time-to initial sputum conversion, and to identify in�uencing factors. A simple risk
score was constructed using the regression coe�cients from each �nal model. Time-dependent AUC was
used to determine the optimal time points of bacteriological conversion.

Results 75% (173/232) of patients with a positive smear and culture at baseline were analyzed. A total,
90.2% (156/173) and 89% (154/173) of the patients had smear and culture conversions in a median of
59 days (inter-quartile range: 59 – 61) respectively. Lower colony count (< 3 +) of initial culture (aHR =
1.52, 1.09 – 2.14) and previously history of TB treatment (aHR = 2.10, 1.26 – 3.51) were more likely to
have culture conversion, while only the higher BMI (aHR = 1.10, 1.03 – 1.18) was associated with rapid
smear conversion. The predicted risk score from independent predictors showed good discrimination
(0.855 ± 0.023 and 0.883 ± 0.02 respectively for smear and culture conversions). Time-to initial culture
conversion provided a better discriminative capacity (AUC) to detect patients with higher chance to being
treatment success during the �rst three months.

Conclusion The identi�ed predictors can be considered to improve the management of MDR-TB patients.
The optimal time points for culture conversion was three months in shorter regime. Keywords:
Conversion, Multidrug-resistant, Tuberculosis, Guinea.

Background
Multidrug-resistant (MDR)-TB de�ned as resistance at least to isoniazid (INH) and rifampicin (R) is a
major public health problem with an estimated 600 000 new cases reported by the World Health
Organization (WHO) in 2016 [1].

Regardless the MDR-TB treatment regime (12 or 24 months), the WHO recommend the using sputum
smear or culture conversion as a proxy marker for a successful MRD-TB treatment outcome [1]. Recently,
many efforts have been made to validate these MDR-TB treatment e�cacy markers including the optimal
time of measurement and the in�uencing factors [2–10]. One of these studies concluded that the validity
of culture conversion is signi�cantly higher than sputum smear conversion, and the four months
schedule is a common optimal time for culture and smear conversion [10]. Nevertheless, the in�uencing
factors of time-to initial sputum smear and culture conversions varied from one study to another [2–5].



Page 4/20

Moreover, for MDR-TB patients who treated by the shorter regime of 9 months, little data are available
about the optimal time-to sputum smear or culture conversion, as well as the factors in�uencing time to
sputum bacteriological conversion. Here, we reported data from a retrospective cohort study of patient
treated with a standardized shorted treatment regimen of 9-months in Guinea. We aimed to identify the
strongest contributing factors that affect time to sputum smear and culture conversions, and to develop a
practical prognostic risk score.

.

Methods

Study design and population
We conducted a retrospective multicenter longitudinal cohort study from three major drug-resistance TB
centres in Guinea (Ignace-Deen, Carrière and Tombolia). In this study, data for patients aged 18 years with
positive sputum smear and culture at baseline, and con�rmed MDR-TB who started a shorter MDR-TB
treatment regime between June 07, 2016 and June 22, 2018 were analysed. These patients were seen at
baseline and followed by monthly visit for 9 months. Both sputum smear microscopy tests and sputum
mycobacterial cultures were performed monthly in these centres until the end of therapy. Patients who
were younger than 18 years and patients that tested sputum smear and culture negative at baseline were
excluded from the analysis.

Bacteriology, drug susceptibility testing, and treatment regimens for
MDR-TB in Guinea,
The diagnosis of drug-resistance was done by the Xpert MTB/RIF test. For others anti-TB drugs, the drug
susceptibility testing (DST), based on solid culture (Lowenstein-Jensen) were done late, and in a very
partial way. Second-line anti-TB drugs were not routinely tested. According to the guideline for the MDR
management in Guinea [11], naive patients for second-line anti-TB drugs were treated with a short 9-
month regimen, consisting of an intensive phase lasting a minimum of 4 months including moxi�oxacin,
kanamycin, clofazimine, prothionamide, pyrazinamide, ethambutol, and INH at high dose. The intensive
phase was then followed by the continuation phase during 5 months and consisting of administration of
four drugs: moxi�oxacin, clofazimine, pyrazinamide, and ethambutol. Sputum smears and cultures were
obtained monthly during the MDR-TB treatment duration.

Data collection
Data was collected using a case report form (CRF) from the MDR-TB registry that containing
sociodemographic, clinical data, and the laboratory test results (sputum smear or culture measurements)
for all patients who were admitted in the three major TB centres outpatient care. Additional information
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was completed with data from the patients’ clinical �les. The following clinical and demographic data
record were extracted: age, gender, residence, comorbidity, HIV status, history of the previously treated TB,
the presence of cavities on chest X-ray determined by the senior radiologist, baseline data on weight,
clinical symptoms (as chest pain or cough), biological data, and baseline as well as repeated
measurements of sputum smear and culture during treatment course. Additionally, we extracted
adherence to MDR-TB treatment status during follow-up based on the proportion of days covered (PDC).
For each patient, we calculated a PDC by dividing the number of days covered with MDR-TB treatment
delivered over one month by 31. Then, we considered a minimal value of PDC during follow-up for each
patient as a marker of adherence to MDR-TB treatment. Conventionally, the PDC was dichotomized
between good adherence if the PDC was 0.8 or more and poor adherence otherwise [12].

Outcome de�nitions
Sputum smear conversion was de�ned as two consecutive negative sputum smears taken at least 30
days apart following an initial positive sputum smear. Similarly, culture conversion was de�ned as two
consecutive negative culture taken at least 30 days apart following an initial positive sputum culture.
Time-to initial sputum smear (or culture) conversion was de�ned as the time in months from the date of
start of MDR-TB treatment to the date of specimen collection for the �rst of two consecutive negative
sputum smears (or culture) results, even if a subsequent positive sputum smears (or culture) result
occurred later. Smear and culture reversions to positive were de�ned when at least one subsequent
positive smear or culture was recorded after the initial conversion. Time-to smear (or culture) reversion
was de�ned as the same manner for time-to initial sputum smear (or culture) conversion. According to
the revised WHO recommendations in 2013 [13], we classi�ed the treatment outcomes into two
categories (successful or unsuccessful). Successful treatment outcomes corresponded to patient who
declared as either “cured” or “treatment completed”. Unsuccessful treatment outcomes included
“treatment failure”, or “death form any reason” or “lost to follow-up” or “not evaluated”.

Statistical analysis
Means (standard deviation; SD) or frequencies (percentage) were used to describe continuous and
categorical variables at baseline. Time-to initial sputum smear and culture conversions every month was
estimated using the Kaplan-Meier method and differences in survival time were compared with a log-rank
test. Data for patients who did not achieve sputum smear (or culture) conversion were censored before
the last follow-up. Univariate Cox regression was used to identify prognostic factors associated with time-
to initial sputum smear (or culture) conversion, and then candidates with a p-value less than 0.10 were
entered into the multivariate Cox regression. The independent predictors of time-to initial sputum smear
(or culture) conversion from multivariate regression were selected through a backward procedure based
on the lowest Akaike information criterion. Hazard ratio (HR) together with their 95% con�dence interval
(CI) were used as association measures. Assumption of hazard proportionality and log-linearity were
veri�ed.
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From each �nal Cox model, we computed a clinical raw prognostic score (linear predictor) by summing
the contribution of each individual factor, based on the estimate for each factor in the model. To derive
the optimal cut-off point score, the receiver-operating characteristic (ROC) applying the Youden’s index
method was used [14]. Performance measures including the sensitivity, speci�city, and positive and
negative predictive values (PV) were estimated at this optimal threshold. Patients were then divided into
two clinical risk score groups according the optimal threshold: "low chance to conversion” and "high
chance to conversion”.. Finally, the time-dependent area under curve (AUC) as well as their 95%
con�dence interval (CI) of the difference in AUC between smear and culture conversions were used to
determine the optimal time points of sputum smear and culture conversions. The �nal model was
internally validated using the 1,000 samples bootstrap procedure. All data analyses were done in R
(version 3.5.1). Signi�cance was de�ned as a p-value less than 0.05, and all tests were two-sided.

Results

Socio-demographic and clinical characteristics at baseline
A total of 232 patients with MDR-TB were diagnosed and followed during treatment period, among them

173 patients (75%) who meet the inclusion criterion were analyzed. The clinical characteristics at
baseline between exclude and analysed patients were comparable (Appendix, Table S1) except for gender
(p = 0.0383), HIV status (p = 0.0266), years of inclusion (p = 0.0194), leucocyte (p = 0.0025) and
lymphocyte counts (p<0.0001). The mean age of patients was 34.0 11.3 years, with the majority of them
were male (72%), leaving in urban area (77%), with a mean BMI of 17.8 2.8 kg/m2. Most patients
presented cough (94%) or night sweat (53%), 34 (20%) patients were HIV positive, and 13 (9%) patients
had cavitary lesions on initial chest X-ray. According to the history of TB, 146 (85%) patients were
previously treated, 49 (28%) and 85 (49%) had a colony count of initial sputum smear and culture higher
than 3+ respectively (Table 1). Among those patients who converted their sputum smear and culture, 95%
and 93% had good adherence to the MDR-TB treatment. Overall, 77.5% (134/173) of patients were cured
or completed their treatment.

Sputum smear status and conversion time
Among 173 patients with sputum smear positive at baseline, 17 (9.8%) patients failed to converted their
sputum smear to negative during treatment period (Figure 2A), while 156 (90.2 %) patients had smear
conversion in a median of 59 days (inter-quartile range: 59—61). Patients who did not convert died more
frequently (57%), and were more likely to have lower BMI (16.4 2.4 kg/m2). Figure 1 showed a decline
number of patients who converted over time. According to the MDR-TB treatment outcomes, we found
that the median time-to smear conversion was comparable between patients with successful (59 days,
95% CI, 31—61) and poor treatment outcomes (61 days, 95% CI, 59—92, p = 0.0684) (Figure 2B).
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Sputum culture status and conversion time
154 (89 %) patients converted their culture in a median of 59 days (inter-quartile range: 59—61), and 19
(11%) patients did not have culture conversion (Figure 2C). As the sputum smear, the number of patients
who converted their culture decrease over time (Figure 1), and patients who did not convert their culture
died more frequently (57%), and were more likely to have lower BMI (16.4 2.4 kg/m2). Contrariwise, the
median time-to culture conversion among patients with successful MDR-TB treatment was signi�cantly
shorted at 31 days (95% CI, 31—59) compared to patients with poor MDR-TB treatment outcomes, 89
days (95% CI, 61—92, p = 0.0008) (Figure 2D).

Sputum smear and culture status reversion time
The number of patients who had at least one positive smear result (i.e. smear reversion) after an initial
smear conversion was 9 (5.2%). The median time of smear reversion from date of MDR-TB treatment
initiation was 212 days (IQR: 181—275 days). The corresponding number of patients with culture
reversion was 11 (6.4%), with a median time of culture reversion from date of MDR-TB treatment initiation
of 150 days (IQR: 97—255 days).

Predictors of time-to initial sputum smear and culture conversion
In univariate Cox regression (Appendix, Table S1), predictor associated with shorter time-to initial sputum
smear conversion was the higher BMI (HR = 1.09, 95% CI, 1.02—1.17; p = 0.0089). The corresponding
predictors for shorter time-to initial culture conversion were the previously history of TB treatment (HR =
1.68, 1.03—2.74; p = 0.0384), lower colony count (< 3 +) of initial culture (HR = 1.42, 1.02—1.98; p =
0.0359), and successful of MDR-TB treatment (HR = 1.92, 1.20—3.07; p = 0.0068). Independently to the
MDR-TB treatment outcomes, the only strongest contributing factor from multivariate Cox model for the
shorter time-to initial sputum smear conversion (Table 2) was the higher BMI (adjusted hazard ratio (aHR)
= 1.10, 1.03—1.18; p = 0.0048). The corresponding strongest contributing factors for shorter time-to initial
culture conversion (Table 2) were the previously history of TB treatment (aHR = 2.10, 1.26—3.51; p =
0.0046), and lower colony count (< 3 +) of initial culture (aHR = 1.52, 1.09—2.14; p = 0.0148). In the
internal validation, the uncertainties measured by the bootstrapping procedure were close to the
estimated HR (Table 2), suggesting robustness of the �nal models.

Clinical risk score of the time-to initial sputum smear and culture
conversion
From each �nal model (time-to initial sputum smear and culture conversions), we derived a clinical risk
score and we did an optimal threshold search. For the time-to initial culture conversion, 0.08-point score
was found to be optimal, where 68% of patients belong to the high chance conversion group and 32% of
patients classi�ed to low chance conversion group. Patients in the higher group had 2.29 times (HR =
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2.29 [95% CI, 1.55—3.39]; p <0.0001) chance to convert their culture. In addition, the median time-to the
culture conversion was signi�cantly shorter among these patients (high chance conversion group, 31
days, 95% CI, 31—59) compared to those patients with low chance conversion, 52 days (95% CI, 61—90,
p<0.0001) (Figure 3B). The estimated performance measures based on this optimal threshold for
predicting time-to initial culture conversion were 77% for sensitivity, 100% for speci�city, 100% for positive
predictive values, and 36% for negative predictive values. The corresponding optimal threshold for the
time-to initial sputum smear conversion was –0.14, where 78% and 22% of patients belong to the high
and low chance conversion groups respectively. The median time-to the smear conversion was
signi�cantly shorter among patients belonging in the higher chance group, 59 days (95% CI, 31—61)
compared to those patients with low chance smear conversion, 90 days (95% CI, 61—92, p = 0.0006)
(Figure 3A), with an associated HR of 2.00 [95% CI, 1.35—2.96; p = 0.0005]. The corresponding estimated
performance measures based on the optimal threshold for predicting time-to initial smear conversion
were 77% for sensitivity, 94% for speci�city, 99% for positive predictive values, and 32% for negative
predictive values. The overall discriminative capacity (AUC SEAUC) of the risk score to predict time-to
initial smear and culture conversions were 0.855 0.023 and 0.883 0.025 respectively. Figure 4 showed the
comparison of the predictive power of each risk score to detect patients with higher chance to achieve
treatment success during the �rst three months. Although the difference was not statistically signi�cant,
the time-to initial culture conversion seemed to provide a better discriminative capacity (time-dependent
AUC) to detect patients with higher chance to being treatment success during the �rst three months.
While the discriminative capacity of time-to initial culture conversion increased over time to reach 0.88 at
three months, the time-dependent AUC for time-to initial sputum smear conversion decreased. In addition,
time-dependent positive and negative predictive values of culture conversion were higher than smear
conversion (6% vs 5% at one month, 68% vs 58% at two months, and 91% vs 84% at three months for
positive predictive values, and 98% vs 97% at one month, 66% vs 66% at two months, and 55% vs 41% at
three months for negative predictive values).

Discussion
To our knowledge, this is the �rst study to address the development and internally validation of risk score
to the shorter sputum smear and culture conversions among patients with MDR-TB. In addition, this is the
�rst study to address the development of clinical risk score to predict time-to sputum smear and culture
conversions.

At the end of treatment, 89% of our patients converted their culture, which was comparable to the
conversion rates reported in Ethiopia (88.6%) [3], South Africa (89%) [15], USA (85%) [4], South Korea
(91.7%) [7], and Peru (92%) [9], but higher than those reported in China (76.3%) [5], and Indonesia (81%)
[8]. Nevertheless, the median culture conversion observed in our sample was comparable to those
reported in the literature, ranging from 30 days to 91 days [2,4,5].

In parallel, 90.2% of our patients achieved to sputum smear conversion in a median of 59 days. This
median time to conversion was comparable to those previously reported in South Korea (56 days) [7],
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Peru (59 days) [9] and Dominican Republic (60 days) [16], but less days than in USA (93 days) [4], China
(91.5 days) [5] and Ethiopia (72 days) [3]. Possible reasons for these discrepancies are selection bias,
differences in MDR-TB regimens, genetic background, and differences between health-care systems.

The role of culture conversion as a biomarker of treatment success has been overlooked in many studies
[10,17]. Our �nding agreed with the literature report that patients who achieved earlier culture conversion
were more likely to have successful MDR-TB treatment. Although, the higher rates of culture conversion in
the present study are encouraging, additional efforts should be made to increase the rate of successful
MDR-TB treatment up to 80% as recommended by the WHO.

Independently to the treatment outcomes, we found that the lower colony count of initial culture and
previously treatment for TB were associated with more rapid culture conversion. While similar result had
been found that the colony count of initial culture is predictive to the culture conversion [2], the majority
of studies reported the colony count of initial sputum smear as predictor of culture conversion instead of
colony count of initial culture [4,5]. In this study, the history of TB treatment was found to be associated
to more rapid culture conversion, unlike to the study conducted by Holtz et al [2]. This association may be
explained by the interaction between HIV infection and the metabolism of TB drugs [18]. Many literature
data have been shown that in patients who infected by HIV infection, the absorption rate of MDR-TB
drugs is lower compared to those without HIV infection [19,20]. In fact, among the 146 patients who were
previously treated for TB, 14% are HIV positive compared to the 26 new cases patients in whom 54% are
HIV positive.

Only the higher BMI was associated with a rapid smear conversion, after adjusted to the MDR-TB
treatment outcomes. The impact of underweight on MDR-TB treatment outcomes is well established, and
possible reasons are malnutrition, lower immunity or poor absorption from gastrointestinal tract [7,8,21].

We have developed a clinical prognostic risk score for both time-to initial sputum smear and culture
conversions. Risk scores had a good discriminative capacity and the identi�ed thresholds optimized well
the separation of the Kaplan Meier curves. Using the risk scores, we would be able to compare the
predictive power of each biomarker (time-to initial sputum smear and culture conversions) to detect
patients with higher chance to achieve treatment success during Treatment course. Because few patients
converted their sputum smear or culture after three months, the time-dependent AUC were estimated only
at the �rst three times visits after the initiation of MDR-TB treatment. Despite the absence of signi�cance
probably due to lack of power, we found that the predictive power of culture was higher than sputum
smear, and the best discriminative capacity was reached at three months. Moreover, the time-dependent
positive and negative predictive values for culture conversion were higher than sputum smear conversion.
For example, the positive predictive value at three months of 91% indicate that patients who converted
their culture at three months will have a 91% of chance to achieve successful MDR-TB treatment. These
�nding suggest that the culture is more sensitive to detect patients with higher probability of treatment
success than sputum smear, and the optimal time point is three months. Similar results were found in
Ethiopia that the validity of culture conversion is signi�cantly higher than smear conversion in predicting
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MDR-TB treatment outcomes, and the optimum times for culture and smear conversion together is four
months [10]. The slight difference concerning the optimal time point may be explained by the differences
in MDR-TB regimens and the statistical models used to handle data. Nevertheless, future prospective
cohort studies will be need to decide on the optimal time point of sputum smear and culture
measurement.

Despite the higher discriminative capacity of our prognostic risk score in predicting smear and culture
conversions, we need to externally validated it on independent samples including non-Guinean patients to
establish her generalizability. Retrospective design, and some missing parameters such as diabetes
status, smoking and alcohol use, and biomarkers were limits of this study, they might be further used to
improve prognostic risk score.

Conclusions
In this study, we have developed and internally validated a clinical prognostic risk score, which has a
higher predictive power to detect patients with great chance to sputum smear and culture conversions.
Time-to initial culture conversion is the best marker to predict successful MDR-TB treatment, with an
optimal time points of three months for patients treated with a shorter standardized regime. Our �nding
supports the WHO recommendation of adding culture to sputum smear in the better prediction of
successful MDR-TB management.
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        Sputum Smear

conversion

Sputum Culture conversion  

Characteristics   Total

(n=173)

Converted Non-converted Converted Non-converted

Age (years, m ± SD)   34.0 (11.3) 40.3 (16.7) 33.3 (10.4) 40.6 (17.0) 33.2 (10.1)

Gender (Male)     124 (71,68) 114 (91.94) 10 (8.06) 114 (91.94) 10 (8.06)

Residence (Urban)   133(76.88) 119(89.47) 14(10.53) 117(87.97) 16(12.03)

BMI (kg/m2)     17.8(2.8) 18.0(2.8) 16.4(2.4) 18.0(2.8) 16.4(2.3)

Years of inclusion            

2016     13(7.51) 9(69.23) 4(30.77) 9(69.23) 4(30.77)  

2017     116(67.05) 107(92.24) 9(7.76) 106(91.38) 10(8.62)
 

2018     44(25.43) 40(90.91) 4(9.09) 39(88.64) 5(11.36)
 

HIV status (Positive)   34(19.88) 29(85.29) 5(14.71) 26(76.47) 8(23.53)
 

History of TB treatment (Previously

treated)

146(84.88) 134(91.78) 12(8.22) 133(91.10) 13(8.90)
 

Colony count of initial smear ( 3+ vs <3

+)

49 (28.32) 43 (87.76) 6 (12.25) 43 (87.76) 6 (12.25)
 

Colony count of initial culture ( 3+ vs <3

+)

85 (49.13) 75 (88.24) 10 (11.76) 75 (88.24) 10 (11.76)
 

Lung Cavities on X-ray (Yes)   13(8.90) 10(76.92) 3(23.08) 9(69.23) 4(30.77)
 

Cough (Yes)     163(94.22) 147(90.18) 16(9.82) 145(88.96) 18(11.04)
 

Dyspnea (Yes)     50(28.90) 39(78) 11(15.28) 38(76.00) 12(24.00)
 

Chest pain (Yes)   72(41.62) 61(84.72) 11(15.28) 60(83.33) 12(16.67)
 

Night sweat (Yes)   91(52.60) 82(90.11) 9(9.89) 81(89.01) 10(10.99)
 

Nausea (Yes)     10(5.78) 9(90.00) 1(0.58) 9(90.00) 1(10.00)
 

Vomiting (Yes)   17(9.83) 15(88.24) 2(11.76) 15(88.24) 2(11.76)
 

Treatment adherence (Yes)   150(86.71) 142(94.67) 8(5.33) 140(93.33) 10(6.67)
 

Leukocytes count (m ± SD)   8.1(3.7) 8.0(3.8) 8.9(2.0) 8.1(3.8) 8.0(2,8)
 

Hemoglobin count (m ± SD)   10.7(2.1) 10.8(1.9) 9.9(3.1) 10.8(1.9) 10.0(3.2)
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Platelets count (m ± SD) 390.2(162.9) 388.5(136.2) 405.0(164.7) 393.5(162.3) 364.8(169.8)

Lymphocytes count (m ± SD)   1.8(1.0) 1.8(0.9) 1.9(1.7) 1.8(0.9) 2.0(1.6)
 

Creatinine count (m ± SD)   78.5(19.6) 78.3(19.9) 79.6(17.2) 78.5(19.9) 78.1(17.4)
 

Live SGOT count (m ± SD)   29.3(5.3) 29.0(5.2) 32.4(5.4) 29.1(4.8) 30.8(8.1)
 

Liver SGPT count (m ± SD)   32.0(4.9) 32.0(4.9) 33.3(4.6) 31.9(4.7) 34.1(5.5)
 

                             

m = mean; SD = standard deviation; for the categorical variable, data were expressed as n = number; % = percentage.

 

 

Table 2: Predictors of sputum smear and culture conversions in patients with MDR-TB, multivariate Cox proportional hazards

regression analysis.

 

      Estimate (SE) HR (95% CI)   p value Internal validation
 

              BHR, 95% BCI  

Sputum smear conversion              

Successful treatment (Yes vs No) 0.471 (0.248) 1.602 (0.984- 2.605) 0.05772 1.493 (0.934- 2.388)

BMI (kg/m2)     0.098 (0.035) 1.103 (1.030- 1.181) 0.00476 1.108 (1.037- 1.184)

Culture conversion              

Successful treatment (Yes vs No) 0.858 (0.261) 2.357 (1.414- 3.920) 0.00100 2.072 (1.230- 3.503)

Colony count of initial culture (<3+ vs >=3+) 0.422 (0.173) 1.525 (1.086 – 2.142) 0.01481 1.599 (1.141- 2.243)

History of TB treatment (Previously vs Newly) 0.743 (0.262) 2.102 (1.258 - 3.513) 0.00456 2.420 (1.476- 3.982)  

                         

SE = standard error, HR = hazard ratio, CI = con�dence interval, BHR = bootstrap hazard ratio (1,000 procedures), BCI = bootstrap

con�dence interval.

Figures
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Figure 1

Initial sputum smear and culture conversion in 156 and 154 of 173 culture-positive patients who had
smear and culture conversions respectively.
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Figure 2

Overall time-to initial smear and culture conversions in patients with MDR-TB (A and C), and by treatment
outcomes (B and D).
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Figure 3

Time-to sputum smear and culture conversions according to the characterization groups from clinical risk
score.
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Figure 4

Comparison of the predictive accuracy of the two predicted risk of sputum smear and culture
conversions:
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