
Abstract 

Treatment outcomes for multidrug/rifampicin-resistant tubercu-
losis (MDR/RR-TB) and extensively drug-resistant tuberculosis
(XDR-TB) remain poor across the globe and in the Russian
Federation. Treatment of XDR-TB is challenging for programmes
and patients often resulting in low success rates and onward trans-
mission of drug-resistant strains. Analysis of factors affecting cul-
ture conversion rate among XDR-TB patients may serve as a basis
for optimization of treatment regimens. 

We conducted a retrospective cohort study using health
records from 54 patients with pulmonary XDR-TB treated at a ter-
tiary level facility in the Russian Federation. The study population
included adult patients with culture-positive pulmonary XDR-TB
who started treatment between 1 January 2018-30 June 2019.
Culture conversion was defined as two consecutive negative cul-
tures, collected at least 30 days apart. The date of sputum culture
conversion was taken from the first of two consecutive negative
sputum cultures fulfilling these criteria. We measured time to cul-
ture conversion using cumulative incidence functions accounting
for competing risks and applied binary cause-specific Cox regres-
sions to assess associated factors. Sputum culture conversion was
recorded for 43 (79.6%) patients. Median time to culture conver-
sion adjusted for competing risk of loss to follow up was 4 months
[95% confidence interval (CI): 2–5]. The number of patients who
had culture converted by treatment months 2, 4, and 6 were 12
(22%), 29 (54%) and 38 (70%) respectively. In unadjusted analy-
sis, positive baseline sputum smear microscopy [hazard ratio
(HR): 0.34, 95% CI: 0.18-0.66; p=0.001), hepatitis C (HR: 0.35,
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95% CI: 0.14-0.89; p=0.023], and human immunodeficiency virus
(HR: 0.30 95%, CI: 0.09-0.97; p=0.045), and receipt of fewer than
4 effective drugs in the treatment regimen (HR: 0.13, 95% CI:
0.03-0.60; p=0.009) were associated with delayed culture conver-
sion. When compared to their combined use, patients receiving
regimens with bedaquiline only (HR: 0.12, 95% CI: 0.03-0.49;
p=0.003) or linezolid only (HR: 0.21, 95% CI: 0.06-0.69; p=0.010)
were less likely to achieve timely culture conversion. Factors
delaying sputum culture conversion should be considered in the
management of patients with XDR-TB and considered by clini-
cians for regimen design and treatment strategies. Our study out-
lines the importance of simultaneous inclusion of bedaquiline and
linezolid in treatment regimens for patients with XDR-TB to
reduce time to sputum conversion and increase treatment success.

Introduction 

Globally, tuberculosis (TB) accounts for more deaths than any
other single infectious disease. In 2018, an estimated 1.45 million
people died due to TB [1]. In 2017, by endorsing the Moscow
Declaration to End TB at the World Health Organization global
conference in the Russian Federation, Member States committed to
increase multisectoral action and accountability in the response
towards ending TB by 2030 [2]. Drug-resistant TB, which remains
a significant threat to public health represents one of the main
obstacles in achieving the goals of the End Strategy [1,3,4]. Timely
and accurate detection of drug resistance is essential to provide
effective treatment. However, in some settings, due to program-
matic and patient-related factors, detection of drug-resistance may
be delayed. Historically, recommended treatment for XDR-TB was
long, toxic and ineffective. In recent years, newer, more effective
drugs including bedaquiline, linezolid and delamanid are being
used in more countries and are now being combined in short, effec-
tive treatment regimens [5]. The increasing prevalence of drug-
resistant strains of Mycobacterium tuberculosis (MTB) compli-
cates ending tuberculosis [6]. 

Global and Russian Federation treatment outcomes for mul-
tidrug/rifampicin-resistant tuberculosis (MDR/RR-TB) and exten-
sively drug-resistant tuberculosis (XDR-TB) remain sub-optimal
and far below regional targets for MDR-TB (75% treatment suc-
cess rate among the MDR/RR-TB patients by 2020) [4,7].
MDR/RR-TB is defined as the resistance to at least rifampicin or
both isoniazid and rifampicin, while MTB strains exhibiting addi-
tional resistance to fluoroquinolones and a second-line injectable
agent are classified as XDR-TB [8-10]. In 2019 the treatment suc-
cess for XDR-TB patients starting treatment in 2017 in the Russian
Federation was 38% compared to the global rate of only 39% [1]. 

With the currently available tools, treatment of XDR-TB is com-
plicated, often resulting in low success rates and subsequent amplifi-
cation of resistance to remaining second-line drugs [4]. One of the
potential causes of amplification of resistance is inadequate early treat-
ment regimens or monotherapy due to insufficient numbers of effec-
tive drugs [11], which is associated with low treatment success [12]. 

Ongoing randomized controlled trials are investigating the
efficacy of regimens containing recently discovered and repur-
posed anti-TB drugs (e.g., pretomanid, bedaquiline, linezolid, clo-
fazimine and delamanid) with shorter treatment durations [13-15].
However, data on the performance of newer drugs amongst
patients with XDR-TB, particularly in combination, is limited [16]. 

Since access to highly effective MDR/RR-TB treatment,
including XDR-TB treatment, is a core component of TB control

measures, analysis of factors affecting treatment outcomes of
MDR/RR-TB and XDR-TB may serve as a basis for optimization
of treatment regimens, development and introduction of new com-
binations of TB drug and antibiotics with anti-TB effect into clin-
ical practice. A number of studies suggest that early culture conver-
sion can serve as an acceptable predictive marker for MDR-TB and
XDR-TB treatment success [17-19]. 

The effective management of M/XDR-TB in Russian
Federation is a one of priority areas of work for the Federal State
Budgetary Institution “National Medical Research Center of
Phthisiopulmonology and Infectious Diseases” of the Ministry of
Health of the Russian Federation. The institution is in charge of the
National TB Programme. Within this study we aimed to describe
the factors associated with sputum culture conversion as a favor-
able interim treatment outcome among adult pulmonary XDR-TB
patients who started treatment between 1 January 2018 and 30
June 2019 at the NMRC PhPl. 

Materials and Methods 

Study design 
We conducted a retrospective cohort study using health records

from adult patients (≥18 years) with pulmonary XDR-TB. Patient
records were reviewed during the first 6 months of treatment up to
culture conversion or declaration of unfavourable outcome, such as
death or loss to follow up. If the first negative culture’s result after
the baseline was received at the 6th month, patients were followed
for two additional months. Available data up to 24 February 2020
were included in the study.

Setting 
The study was conducted in NMRC PhPl, a tertiary referral

facility and leading TB institution based in Moscow, which provides
inpatient and outpatient care for TB and human Immunodeficiency
Virus (HIV) to patients referred from different regions of Russian
Federation. Specialists at the facility consult patients in outpatient
settings and refer them for diagnostic interventions, when necessary.
NMRC PhPl also provides telemedicine consultations for regional
clinics. The decision to admit a patient to NMRC PhPl is based on a
referral from a regional clinic and the decision of the
NMRC PhPl expert committee. The NMRC PhPl has a specialized
Department for the treatment of M/XDR-TB. Over 300 M/XDR-TB
patients are treated at the Department annually. The Department has
70 inpatient beds for adult patients (≥18 years) from all regions of
the Russian Federation, as well as from other countries. Treatment
decisions are taken by the NMRC PhPl expert committee and are
based on national guidelines [9].  

In Russia all WHO-recommended Group A, B and C drugs for
longer regimens of DR-TB are available, except clofazimine,
which remains unregistered. Delamanid received National regula-
tory authority approval in May 2020 and was not available to
patients during the study period. All patients were hospitalized for
treatment initiation with discharge primarily influenced by culture
conversion status. Treatment in the hospital was directly observed
by trained medical staff.  Diagnosis of TB at NMRC PhPl was
done at local/national reference laboratory and confirmed by
approved molecular diagnostics in addition to liquid culture testing
(BACTEC™ Mycobacterial Growth Indicator Tube™ 960) and
solid Lowenstein–Jensen media. Baseline drug susceptibility test-
ing (DST) to all 1st and 2nd line TB drugs was performed on all
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diagnostic specimens [20]. During treatment, monthly sputum
samples were collected for culture on solid media. 

Study population 
We included all consecutive adults (≥18 years) with sputum

culture-positive laboratory confirmed pulmonary XDR-TB who
started treatment at NMRC PhPl between 1st January 2018 – 30th

June 2019. 

Data variables 
Variables included patient demographic, behavioural and

social characteristics, data on TB diagnostics and treatment, such
as individual drugs in the regimen (any duration of uptake), num-
ber of effective drugs in the regimen and number of days without
anti-TB medication during the first 6 months of treatment.
Effective drug was defined as drug to which susceptibility of MTB
was either confirmed by a reliable drug-resistance testing or
assumed based on patient’s treatment history or results of drug-
resistance studies (new TB drugs or antibiotics with anti-TB activ-
ity; drugs that were not previously part of ineffective regimen for
a patient; high susceptibility of MTB strains for this drugs in
patients with a similar TB history according to results of popula-
tion drug-resistance studies) [9]. In this study, the day without anti-
TB medication was defined as missing of all drugs in the regimen
during the day. All patients were hospitalized throughout the fol-
low-up period and received medication once a day. Culture conver-
sion was defined as two consecutive negative cultures, collected at
least 30 days apart. The specimen collection date of the first nega-
tive culture was used as the day of conversion. Follow-up time was
recorded in days from the date of XDR-TB treatment initiation to

culture conversion, death or loss to follow up. Patients were cen-
sored after 8 months of follow-up or at the end of the study (24th

February 2020). When a patient died or was lost after culture con-
version during the study period, they were considered as convert-
ed. Laboratory data included sputum smear microscopy, date of
sputum samples collection and solid media culture results for MTB
for all available samples. Testing for HIV and viral hepatitis C was
performed prior to therapy.

Data collection and analysis 
Data were extracted from individual patient paper records and

local laboratory database and entered into an EpiData database. In
order to ensure data quality, 10% of records were double entered.
Data validation rules were designed and deployed to check accura-
cy and consistency of data. We summarized demographic, behav-
ioural and clinical characteristics of the study participants at base-
line with frequencies and proportions (for categorical variables)
and mean (and standard deviation) or median (and interquartile
range) for continuous variables, as appropriate. 

We measured time to culture conversion using cumulative inci-
dence function to account for competing risk of loss to follow up
and assessed the factors associated with culture conversion. We
applied binary cause-specific Cox regressions to assess factors
associated with time to culture conversion in the presence of com-
peting events. Sample size did not allow to conduct an adjusted
analysis. Levels of significance was set at 5% (p<0.05).
Proportional hazard assumption was tested by using the
Schoenfeld residuals. All selected covariates met the assumption.
Analysis was done using R, version 3.5.2 software (©R Foundation
for Statistical Computing, 2016).
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Table 1. Characteristics of adult pulmonary XDR-TB patients who started treatment between January 2018 and June 2019 at the
Federal State Budgetary Institution “National Medical Research Center of Phthisiopulmonology and Infectious Diseases” of the
Ministry of Health of the Russian Federation (n=54).

                                                                                                                                 n                     (%) 

Demographic and behaviour characteristics                                                                                 
Total              54                   (100) 

Sex                                                                                                                                                                                                
Male                                                                                                                                                          30                           (56) 
Female                                                                                                                                                      24                           (44) 
Age, years                                                                                                                                                                                    
Mean age (standard deviation)                                                                                                           35.6                         (10) 
18-34                                                                                                                                                          24                           (44) 
35-44                                                                                                                                                          20                           (37) 
45-63                                                                                                                                                          10                           (19) 
Employment                                                                                                                                                                                
Employed                                                                                                                                                 18                           (33) 
Unemployed                                                                                                                                            36                           (67) 
History of incarceration                                                                                                                                                           
Yes                                                                                                                                                              4                             (7) 
No                                                                                                                                                              50                           (93) 
Current smoker                                                                                                                                                                         
Yes                                                                                                                                                             28                           (52) 
No                                                                                                                                                              25                           (46) 
Not recorded                                                                                                                                           1                             (2) 
Harmful use of alcohol                                                                                                                                                             
Yes                                                                                                                                                              6                            (11) 
No                                                                                                                                                              48                           (89) 
Drug abuse                                                                                                                                                                                  
Yes                                                                                                                                                              1                             (2) 
No                                                                                                                                                              53                           (98) 

To be continued on next page

Crea
tiv

e C
om

mon
s A

ttri
bu

tio
n 3

.0 
IG

O



                                                             [Monaldi Archives for Chest Disease 2021; 91:1678]                          

Results 

Baseline characteristics 
Between the 1st January 2018 and the 30th June 2019, 248 adult

patients diagnosed with XDR-TB were admitted to NMRC PhPl

specialized Department for the treatment, of which 54 (22%) were
culture positive at baseline and were included in this study. Median
follow up time was 6.9 months [interquartile range (IQR): 6.0-7.6].
Mean age of our cohort was 36 (standard deviation ±10) years and
more than half (30/54, 56%) were male (Table 1). Few patients
reported harmful use of alcohol (6/54, 11%), but half were current

                             Article

Table 1. Continued from previous page.

                                                                                                                                 n                     (%) 

TB diagnostics                                                                                                                                   

Median weight at start of TB treatment in males, kg (25th–75th percentiles)                                                            
Among males (n=30)                                                                                                                            64                        [57-72] 
Among females (n=24)                                                                                                                        54                        [50-68] 
Previous TB treatment history                                                                                                                                               
Previously treated                                                                                                                                  10                           (19) 
New                                                                                                                                                           44                           (81) 
Comorbidities                                                                                                                                                                             
Human immunodeficiency virus                                                                                                          7                            (13) 
Diabetes mellitus                                                                                                                                   9                            (17) 
Chronic hepatitis C virus                                                                                                                     10                           (19) 
Cavities detected on chest X-ray                                                                                                                                            
Yes                                                                                                                                                             37                           (68) 
No                                                                                                                                                              17                           (32) 
Baseline sputum smear microscopy grade                                                                                                                         
Negative                                                                                                                                                   23                           (43) 
Positive                                                                                                                                                     31                           (57) 
Exact figure/100/scanty positive                                                                                                        6                            (11) 
+                                                                                                                                                            13                           (24) 
++                                                                                                                                                          6                            (11) 
+++                                                                                                                                                      6                            (11) 

TB treatment                                                                                                                                      

Drugs in the treatment regimen                                                                                                                                            
Bedaquiline                                                                                                                                              46                           (85) 
Linezolid                                                                                                                                                  49                           (91) 
Levofloxacin                                                                                                                                             26                           (48) 
Moxifloxacin                                                                                                                                            28                           (52)
Sparfloxacin                                                                                                                                             9                            (17) 
Cycloserine                                                                                                                                             45                           (83) 
Terizidone                                                                                                                                                 7                            (13) 
Amikacin                                                                                                                                                   15                           (28) 
Kanamycin                                                                                                                                                 1                             (2) 
Capreomycin                                                                                                                                           22                           (41) 
Prothionamide                                                                                                                                        13                           (24) 
Ethambutol                                                                                                                                               6                            (11) 
Meropenem                                                                                                                                             18                           (33) 
Imipenem-cilastatin                                                                                                                               3                             (6) 
p-aminosalicylic acid                                                                                                                               17                           (32) 
Pyrazinamide                                                                                                                                          35                           (65) 
Number of anti-TB drugs in the treatment regimen                                                                                                         
4                                                                                                                                                                  1                             (2) 
5                                                                                                                                                                 11                           (20) 
6                                                                                                                                                                 25                           (46) 
7                                                                                                                                                                 11                           (20) 
8-10                                                                                                                                                             6                            (11) 
Number of effective drugs in the treatment regimen°                                                                                                    
3                                                                                                                                                                  7                            (13) 
4                                                                                                                                                                 10                           (18) 
5                                                                                                                                                                 29                           (54) 
6-8                                                                                                                                                               8                            (15) 
At least one day without anti-TB medication for the first 6 months of treatment                                                      
Yes                                                                                                                                                             15                         (27.8) 
No                                                                                                                                                              37                         (68.5) 
Not recorded                                                                                                                                           2                           (3.7) 
°Effective drugs are defined: MTB drug sensitivity is confirmed based on the Mycobacterium tuberculosis drug susceptibility test (DST); MTB drug sensitivity is assumed (new TB drugs or antibiotics with anti-TB
activity; drugs that were not previously part of an ineffective regimen for this patient; high susceptibility of MTB strains for these drugs in patients with a similar TB history according to results of population drug-
resistance studies). TB, tuberculosis; XDR, extensively drug-resistant. 
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smokers (28/54; 52%). The majority of patients were newly diag-
nosed (44/54; 81%) and sputum smear microscopy positive (31/54;
57%). Seven of 54 patients (13%) were living with HIV, 10 (19%)
had chronic hepatitis C, and 9 (17%) had diabetes mellitus.
Baseline chest X-ray identified pulmonary cavities in the majority
of patients (37/54; 68%). 

The most common drugs included in treatment regimens dur-
ing the study period were linezolid (49/54; 91%), bedaquiline
(46/54; 85%), cycloserine (45/54; 83%) and fluoroquinolones (lev-
ofloxacin: 26/54, 48%; moxifloxacin: 28/54, 52%; sitafloxacin:
9/54, 17%). All patients received at least 4 drugs in their regimen.
Over a quarter of patients (15/54; 28%) had at least one day with-
out anti-TB medication during the first 6 months of treatment.
Among these 15 patients, number of days without anti-TB medica-
tion ranged from 3 to 59 with a median of 14 (IQR: 7-22). During
the first 6 months of treatment, 42 patients (78%) were on anti-TB
medication ≥95% of days, 6 patients (11%) – 90-94% of days and
4 patients (7%) – 67-89% of days. A minority of patients (7/54;

13%) received 3 effective drugs in their treatment regimen, while
the majority received 5 effective drugs (29/54; 54%). 

Time to culture conversion 
Sputum culture conversion was detected in 43 (79.6%) patients

during follow-up. Median time to culture conversion adjusted for
competing risk of loss to follow up was 4.0 months (95% CI: 2–
5). The number of patients who had culture converted by treatment
months 2, 4, and 6 were 12 (22%), 29 (54%) and 38 (70%) respec-
tively. Loss to follow up was registered for 9% (5/54) of patients
(Figure 1). 

Factors associated with culture conversion 
In unadjusted analysis, positive baseline sputum smear

microscopy (HR: 0.34, 95% CI: 0.18-0.66; p=0.001), hepatitis C
(HR: 0.35, 95% CI: 0.14-0.89; p=0.023) and HIV comorbidities
(HR: 0.30, 95% CI: 0.09-0.97; p=0.045), and receipt of fewer than 4
effective drugs in the treatment regimen (HR: 0.13, 95% CI: 0.03-
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Figure 1. Cumulative incidence curves of time to culture conversion and loss to follow up among adult pulmonary XDR-TB patients
who started treatment between 1 January 2018 – 30 June 2019 at the Federal State Budgetary Institution “National Medical Research
Center of Phthisiopulmonology and Infectious Diseases” of the Ministry of Health of the Russian Federation (N=54). TB, tuberculosis;
XDR, extensively drug-resistant.
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0.60; p=0.009) were all associated with delayed culture conversion. 
When compared to their combined use, there was evidence of

a crude association between prescription of bedaquiline alone (HR:
0.12, 95% CI: 0.03-0.49; p=0.003) or linezolid alone (HR: 0.21,
95% CI: 0.06-0.69; p=0.010) as part of the treatment regimen with
delayed culture conversion (Table 2). 

Discussion 

Amongst our cohort of XDR-TB patients, we found that
median time to culture conversion was 4 months using solid
Lowenstein–Jensen media, and that 70% had culture converted

                             Article

Table 2. Factors associated with culture conversion among adult pulmonary XDR-TB patients who started treatment between 1 January
2018 - 30 June 2019 at Federal State Budgetary Institution “National Medical Research Center of Phthisiopulmonology and Infectious
Diseases” of the Ministry of Health of the Russian Federation (N=54).

                                                                             Culture          Follow-up time      Rate per 100       Crude cause-specific       p-value
                                                                         conversion, n  (person months)  person-months    hazard ratio (95% CI)           

Sex                                                                                                                                                                                                                                                                   
Male                                                                                                23                                115                               20.0                            0.78 (0.42-1.45)                    0.431 
Female                                                                                           20                                 75                                26.7                                       ref.                                    
Patient’s age at the beginning of treatment                                                                                                                                                                                          
18-34                                                                                               19                                 84                                22.6                            0.98 (0.50-1.92)                    0.947 
35-44                                                                                               16                                 73                                21.9                                       ref.                                    
45-63                                                                                                8                                  34                                23.5                            1.18 (0.50-2.79)                    0.713 
Employment                                                                                                                                                                                                                                                  
Employed                                                                                       15                                 72                                20.8                            0.83 (0.44-1.57)                    0.564 
Unemployed                                                                                  28                                119                               23.5                                       ref.                                    
History of incarceration                                                                                                                                                                                                                             
Yes                                                                                                   3                                  20                                15.0                            0.62 (0.19-2.04)                    0.435 
No                                                                                                    40                                171                               23.4                                       ref.                                    
Current smoking status                                                                                                                                                                                                                              
Yes                                                                                                  22                                119                               18.5                            0.54 (0.29-1.01)                    0.053 
No                                                                                                    20                                 69                                29.0                                       ref.                                    
Harmful use of alcohol                                                                                                                                                                                                                               
Yes                                                                                                   4                                  31                                12.9                            0.32 (0.10-1.05)                    0.060 
No                                                                                                    39                                159                               24.5                                       ref.                                    
HIV status                                                                                                                                                                                                                                                      
Positive                                                                                           4                                  35                                11.4                        0.30 (0.09-0.97)            0.045
Negative                                                                                         39                                156                               25.0                                       ref.                                    
Diabetes                                                                                                                                                                                                                                                         
Yes                                                                                                   8                                  35                                22.9                            0.92 (0.42-2.01)                    0.840 
No                                                                                                    35                                156                               22.4                                       ref.                                    
Chronic hepatitis C                                                                                                                                                                                                                                     
Yes                                                                                                   6                                  49                                12.2                        0.35 (0.14-0.89)            0.023
No                                                                                                    37                                142                               26.1                                       ref.                                    
Cavities detected on chest x-ray                                                                                                                                                                                                              
Yes                                                                                                  30                                140                               21.4                            0.83 (0.42-1.64)                    0.601 
No                                                                                                    13                                 51                                25.5                                       ref.                                    
Baseline sputum smear microscopy grade                                                                                                                                                                                           
Negative                                                                                         18                                 54                                33.3                                       ref.                                    
Positive                                                                                          25                                137                               18.2                        0.34 (0.18-0.66)            0.001
Previous TB treatment history                                                                                                                                                                                                                 
Previously treated                                                                        8                                  37                                21.6                                       ref.                                    
New                                                                                                 35                                154                               22.7                            0.94 (0.43-2.05)                    0.869 
Bdq / Lzd in the treatment regimen                                                                                                                                                                                                        
Bdq only                                                                                          3                                  33                                 9.1                         0.12 (0.03-0.49)            0.003
Lzd only                                                                                           5                                  37                                13.5                        0.21 (0.06-0.69)            0.010
Both                                                                                                  35                                121                               28.9                                       ref.                                    
Number of effective drugs in the treatment regimen°                                                                                                                                                                      
3                                                                                                        3                                  39                                 7.7                         0.13 (0.03-0.60)            0.009
4                                                                                                        7                                  49                                14.3                            0.37 (0.13-1.04)                    0.060 
5                                                                                                       25                                 79                                31.6                            1.00 (0.45-2.25)                    0.992 
6–8                                                                                                   8                                  24                                33.3                                       ref.                                    
°Effective drugs are defined: MTB drug sensitivity is confirmed based on the Mycobacterium tuberculosis drug susceptibility test (DST); MTB drug sensitivity is assumed (new TB drugs or antibiotics with anti-TB
activity; drugs that were not previously part of an ineffective regimen for this patient; high susceptibility of MTB strains for these drugs in patients with a similar TB history according to results of population drug-
resistance studies); Bdq, bedaquiline; HIV, human immunodeficiency virus; Lzd, linezolid; TB, tuberculosis; XDR, extensively drug-resistant.
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by month 6 of treatment. Comparison with other studies is chal-
lenging since our study cohort includes only XDR-TB patients
who were culture-positive at baseline, while in most of others
reports XDR-TB represented only small proportion of the study
population. Furthermore, many studies did not report on method
to follow-up sputum culture, which is essential in this analysis of
time to conversion studies, since there is a strong evidence that
liquid culture methods due to high sensitivity compared to solid
culture methods are associated with longer times to culture con-
version [21]. However, other comparable studies reported a wide
range of median times to culture conversion - 1 to 6 months [22-
25] - and wide range of proportion of patients, who achieved cul-
ture conversion by month 6 of treatment – 47-97% [22,25-27]. 

Previous studies have demonstrated the positive association
between both bedaquiline and linezolid and culture conversion in
patients with MDR/RR-TB including XDR-TB [4,22,23,26-31].
However, we additionally identified that treatment including both
bedaquiline and linezolid was associated with faster sputum cul-
ture conversion when compared with treatments that only include
either bedaquiline or linezolid. The effectiveness of this combina-
tion of drugs for XDR-TB has been reported by Olayanju et al.
where inclusion of a combination of bedaquiline and linezolid
resulted in substantially increased likelihood of favourable out-
comes compared to regimens without these drugs [31]. Another
single arm prospective study also demonstrated the effectiveness
of the XDR-TB treatment regimen with co-administration
of bedaquiline and linezolid in combination with pretomanid [32]. 

Our results describe an association between fewer effective
drugs included in a treatment regimen and increased time to cul-
ture conversion. Compared with regimens including 6-8 effective
drugs, treatment with regimens including 3 effective drugs were
significantly associated with lower likelihood of culture conver-
sion. We found moderate evidence (p=0.06) for a similar associa-
tion between treatment with regimens including 4 effective drugs
and culture conversion. More extensive treatment history and
resistance to the highly effective fluoroquinolone drugs may con-
tribute to worsen treatment responses amongst patients treated for
XDR-TB. Our findings suggest that, where possible, regimens
containing 5 or more effective drugs may improve time to culture
conversion in XDR-TB. Other authors have also recommended
including at least five anti-TB drugs with confirmed or suspected
efficacy in the treatment regimen for XDR-TB [9,12,33]. This is
essential for complete suppress the MTB population, taking into
account the possible undetected additional drug resistance due to
the limitations of existing diagnostic methods [9,34]. This
approach needs to be adopted tailoring the drug selection to the
drug-susceptibility testing, under the guidance of a Consilium, and
monitoring strictly the potential adverse events [4].

We also found a possible evidence of an association (p=0.053)
between smoking status and increased time to sputum conversion
following adjustment for other factors. Published studies show that
smoking delays culture conversion in TB patients including XDR-
TB [35,36]. Reimann et al. note that smoking leads to damage of
respiratory immune-defence mechanisms, which increases suscep-
tibility to MTB infection and delays bacterial clearance. The
impact of smoking on local lung immunity is supported by the
study of Lin et al. which implies that cigarette smoking influences
outcomes of pulmonary but not extra-pulmonary TB [36,37]. 

Prevalence of HIV, hepatitis C and diabetes mellitus in our
cohort was low, but both HIV and hepatitis C showed significant
crude associations with delayed culture conversion. Results from
other studies investigating the impact of HIV status on the time
to culture conversion are conflicting and contradict our find-

ings. Mohr et al. in their study on 853 confirmed DR-TB patients
from Southern Africa revealed that HIV status did not have
impact on time to sputum culture conversion and treatment suc-
cess [38]. In another study by Shibabaw et al. the median time to
culture conversion was significantly shorter among HIV positive
patients compared to HIV negative [39]. We believe our findings
may be attributed to more severe disease amongst those with
HIV, presence of additional unmeasured comorbidities in this
patient group and increased risk of adverse events and treatment
interruption through hepatotoxicity or drug-drug interactions
[40]. As treatment for hepatitis C has dramatically improved in
recent years, serological screening for hepatitis C amongst those
with DR-TB is becoming more common. Multiple studies have
demonstrated the association between hepatitis C co-infection
and time to culture conversion in DR-TB patients along with the
increased risk of drug-related hepatotoxicity [41,42]. Since
prevalence of hepatitis C and HIV are high amongst TB patients,
we suggest that additional research is required into interaction of
these diseases and joint management [1,43]. Similar to other
studies, positive baseline sputum smear microscopy [44,45] was
also associated with longer time to sputum conversion. These
findings are likely due to the presence of higher bacterial load
and advanced parenchymal damage and less effective treatment
through reduced medication exposure.

The key strength of our study is that our database included all
patients enrolled into treatment at the study site within the study
period and matched the inclusion criteria. For conducting and
reporting observational cohort studies we adhered to the STROBE
guidelines. The study settings corresponded with routine program-
matic settings, ensuring representativeness of our sample.
Percentage of missing data was minimal, below the generally
accepted 10% threshold. 

The study has several limitations. The primary limitation was
the relatively low sample size that did not allow to conduct an
adjusted analysis for all variables. A limitation when considering
treatment effectiveness is the use of interim outcome measures.
While sputum culture conversion has been shown to be predictive
of treatment outcome in some studies, using end of treatment out-
comes would result in more robust findings [18]. In this study, we
chose to use interim outcome measures to be able to include
patients who more recently started treatment, so to increase the rel-
evance of our findings. Our study was not multicentre, limiting the
generalizability of the findings. However, the inclusion the study
participants from different regions of the country and the availabil-
ity of general recommendations for TB treatment throughout the
Russian Federation may minimize the significance of this limita-
tion. We did not collect data on ART use among HIV co-infected
patients, which limits our ability to interpret the role of HIV status
in achieving culture conversion.

Conclusions 

Factors delaying sputum culture conversion should be consid-
ered in the management of XDR-TB patients and the prescription
of effective treatment regimens. An insufficient number of effec-
tive drugs in the treatment regimen reduces time to culture conver-
sion, which can potentially lead to reduced treatment success. Our
study outlines importance of simultaneous inclusions of
bedaquiline and linezolid in the basic treatment regimen to reduce
time to sputum conversion.
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