
Abstract 

The global proportion of successful treatment outcomes of
Multidrug-Resistant/Rifampicin-Resistant Tuberculosis
(MDR/RR-TB) remains unacceptably low. Time to culture con-
version is important in making treatment-related decisions and is
used as an interim predictor of pulmonary MDR/RR-TB treat-
ment success. No previous studies have been conducted to assess
determinants of time to culture conversion for MDR/RR-TB
patients in Lithuania. Secondary analysis of data of culture-posi-
tive MDR/RR-TB patients, treated in Republican Klaipeda
Hospital between 1st July 2016 and 1st July 2019 was performed.
Culture conversion was defined as two consecutive negative cul-
tures on solid media submitted at least 30 days apart. Factors
associated with culture conversion were estimated by crude and
multivariable Cox regression accounting for competing risks. In
total, 115 consecutive patients starting treatment were included in
the study. Of them, the majority was male (86/115; 74.8%) with a
mean age of 48 (standard deviation (SD) ±12) years and Human
Immunodeficiency Virus (HIV) negative (105/115; 91.3%).
Nearly two-thirds (72/115; 62.6%) had XDR (extensive drug
resistance) or MDR/RR-TB with additional resistance to second
line injectables or fluoroquinolones. Of 115 culture-positive
patients at baseline, 103 (89.6%) patients achieved culture con-
version during 12 months of treatment. The median time to cul-
ture conversion was 1.1 months (interquartile range: 0.9-1.8).
Patients aged ≥60 years compared with <40 years [adjusted haz-
ard ration (aHR): 0.40, 95% confidence interval (CI): 0.18-0.86],
smokers (aHR: 0.39, 95% CI: 0.2-0.73), patients with positive
sputum smear microscopy at baseline (aHR: 0.40, 95% CI: 0.25-
0.63), cavities on initial chest X-ray (aHR: 0.56, 95% CI: 0.35-
0.88) and resistance to at least one fluoroquinolone drug (aHR:
0.52, 95% CI: 0.32-0.84) were slower to culture convert. In con-
clusion, we recommend providing additional counselling, treat-
ment adherence interventions and scale up the use of new and
repurposed TB drugs to patient groups at risk of worse interim
treatment outcome: patients aged 60 and above, with resistance to
fluoroquinolones, smear–positive, smokers, or with signs of
extensive disease evident on initial chest radiography.

Introduction

Tuberculosis (TB) remains one of the deadliest infectious dis-
eases in the world [1]. Globally, it is estimated that in 2018 10
million people fell ill and 1.45 million died from TB [1].
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Rifampicin Resistant TB (RR-TB) and Multidrug-Resistant TB
(MDR-TB), defined as TB resistant to at least isoniazid and
rifampicin, result in additional challenges for patients and national
TB programmes [1]. Treatment durations is up to 2 years, frequent
severe side-effects and poor treatment responses result in physical
and economic hardship for patients and high costs and poor disease
control for national programmes [2]. International treatment suc-
cess was reported for only 56% of the patients treated for
MDR/RR-TB in 2016 [1]. 

In recent years, global MDR/RR-TB treatment recommenda-
tions have been regularly updated following the approval of 2 new
TB drugs, bedaquiline and delamanid, in 2012 and 2014 respec-
tively. Furthermore, newer evidence proving the effectiveness of
these new drugs [2,3] alongside linezolid and clofazimine (antibi-
otics predominantly used for other diseases) has resulted in their
prioritization for MDR/RR-TB treatment in the most recent guide-
line update of World Health Organization (WHO) [4]. 

Time to culture conversion may be used as an interim predictor
of MDR/RR-TB treatment success and is frequently used by prac-
titioners to support hospital discharge planning. In a recent study
of patients treated for MDR-TB, culture conversion before 2
months and 6 months of treatment was associated with treatment
success. In this study 2-month conversion had low sensitivity
(26.9%) and high specificity (91.3%) and 6-month conversion had
high sensitivity (80.7%), retaining moderate specificity for treat-
ment success (67.6%) [5]. Low Body Mass Index (BMI), excessive
alcohol use, high sputum microscopy grade, cavitation and bilater-
al consolidation on chest radiography and Human
Immunodeficiency Virus (HIV)-negative status have been associ-
ated with delayed time to culture conversion amongst patients
treated for MDR/RR-TB [6-8]. Treatment regimens including
bedaquiline, delamanid or linezolid have been associated with
reduced time to culture conversion [9-11].

No previous studies have been conducted to assess determinants
of time to culture conversion for MDR/RR-TB patients in Lithuania.
Identifying factors associated with longer time to sputum culture
conversion could aid in determining which groups of patients may
benefit more from interventions, known to increase favourable treat-
ment outcomes, such as health education and counselling on tuber-
culosis and treatment adherence, treatment adherence interventions
and scale up the use of new and repurposed TB drugs. Reliable pro-
grammatic evidence assessing factors associated with time to culture
conversion is needed to optimize national practice relating to alloca-
tion of recourses with the aim of improving patient experiences of
treatment and improving treatment responses.

Our study aimed to identify factors associated with time to
sputum culture conversion among all hospitalized adults starting
treatment for pulmonary MDR/RR-TB at Republican Klaipeda
Hospital between July 2016 and July 2019.

Materials and Methods

Study design
We conducted a cohort study based on secondary data collect-

ed from the medical records. 

Study setting
Lithuania is a high-income post-soviet European Union (EU)

country by the Baltic sea with 2.8 million inhabitants [12]. The
incidence of MDR-TB is amongst the highest in the EU and

MDR/XDR-TB treatment results amongst the worst. In 2018
Lithuania reported TB incidence of 44/100.000, 19% of which was
MDR-TB (data from the Lithuanian Tuberculosis registry informa-
tion). Only 56% of all MDR/RR-TB cases were successfully treat-
ed in 2016 in Lithuania [13]. TB diagnostic and treatment in
Lithuania is free of charge.

Republican Klaipeda Hospital serves as a referral centre in
Western Lithuania and provides MDR/RR-TB diagnostic and
treatment services. A centralized laboratory at the hospital uses
smear microscopy, Xpert MTB/RIF (Cepheid, Sunnyvale, CA,
USA), MGIT 320 liquid-based culture (Becton Dickinson
Microbiology Systems, Sparks, MD, USA) and Lowenstein-
Jensen (LJ) solid culture. All MDR/RR-TB patients are hospital-
ized and begin treatment after a local panel of experts. Second-line
drug susceptibility testing (SL DST) is performed for all
RR/MDR-TB patients. Patients submit sputum monthly for smear
microscopy and culture on LJ media while they are in hospital.
Following discharge, sputum smear and culture testing is per-
formed every second month. During 2016, Lithuania adopted a
nationwide strategy to provide directly observed therapy in ambu-
latory settings and gained access to bedaquiline, delamanid and
linezolid. In 2018, Republican Klaipeda Hospital introduced an
ambulatory video-observed treatment service.

Study population
All LJ culture-positive adult RR/MDR-TB patients, initiating

treatment in Republican Klaipeda Hospital Tuberculosis Branch
between 1st July 2016 and 1st July 2019 and receiving at least 30
days of treatment were included in the study. LJ culture positivity
was defined as positive respiratory sample culture on LJ medium
taken within 3 months to treatment initiation. Data recorded in
clinical files was included up to 1st February 2020.

Variables
Variables included in the analysis comprised of demographic,

clinical, bacteriological and radiological characteristics, including
sex, age, BMI, smoking status, harmful use of alcohol, HIV and
Antiretroviral Therapy (ART) status, baseline smear grade, time to
detection in liquid culture in days, affected lobe count and presence
of cavities on initial chest radiography, MTB resistance type, history
of previous TB treatment and drugs used in first 6 months of treat-
ment were collected. Harmful use of alcohol was self-reported at the
time of hospitalization or where alcohol was used during hospital-
ization. The definition of culture conversion was two consecutive
negative cultures from sputum samples collected at least 30 days
apart after treatment initiation [14]. Time to culture conversion was
defined as the time interval between treatment initiation and the
specimen collection date of the first negative culture.

Data collection and analysis
Data was collected from medical records and hospital e-

medicine system and entered in EpiData database created for the
purpose. Entered data was cross-checked with paper-based
sources. Baseline characteristics were described using frequencies
and percentages for categorical variables, medians and interquar-
tile ranges (IQRs) for continuous variables unless normally dis-
tributed where means and standard deviations were reported. Time
to culture conversion was measured using the cumulative inci-
dence function while death and loss to follow up (LTFU) were con-
sidered as competing risks. Patients were censored 12 months after
treatment initiation. Hazards ratios (HR) were selected as the mea-
sure of association between factors and culture conversion. Cause-
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specific Cox regression, an extension of standard Cox model for
the competing risks was applied. First, binary regressions for
selected covariates were estimated. Then, variables significant at
p<0.05 in binary models were included in the final model. Age and
sex as common confounders were included in the adjusted model
regardless of their significance. Proportional hazard assumption
was tested by using the Schoenfeld residuals against the trans-
formed time. All selected predictors met the assumption. We cal-
culated final treatment outcomes for a subset of patients that initi-
ated treatment between July 2016 and December 2017. Final out-
comes were categorized as successful (cured or treatment complet-
ed) and unsuccessful outcomes (death, LTFU or failure). If the
final treatment outcome was not assigned and the patient was not
continuing anti-TB treatment, it was classified as “not evaluated”.
Analysis was done using R, version 3.5.2 software (©R Foundation
for Statistical Computing, 2016).

Results

Baseline characteristics
Between 1st July 2016 and 1st July 2019, 117 patients started

treatment for pulmonary RR-TB at Republican Klaipeda Hospital,
of whom 115 (98%) were sputum culture positive and included in
this study. The majority was male (86/115; 74.8%), HIV-negative
(105/115; 91.3%) and sputum smear microscopy positive (71/115;
61.7%) at baseline. Most of the patients were current smokers
(91/115; 79.1%) and many exhibited harmful use of alcohol
(50/115; 43.5%). Approximately half had previously received TB
treatment (55/115; 47.8%) and resistance to second line TB drugs
was detected amongst almost two thirds (72/115; 62.6%). Half of
the patients (57/115; 50%) had fluoroquinolone resistance. The
majority of patients received at least one dose of fluoroquinolone
drugs (114/115, 99.1%), cycloserine (111/114, 96.5%) and proth-
ionamide (110/114, 95.7%), while bedaquiline (28/115, 24.3%)
and delamanid (19/115, 16.5%) were used only for selected
patients. Approximately half of the patients received treatment
with linezolid (60/115, 52.2%). Most of the patients who received
bedaquiline (17/29; 58.6%), delamanid (15/19; 78.9%) or linezolid
(39/60; 65%) exhibited fluoroquinolone-resistance (Table 1).

Time to sputum culture conversion
Sputum culture conversion was detected in the majority of

patients (103/115; 89.6%) and all conversions occurred within the
first 9 months of treatment. The median time to culture conversion
was 1.1 months (95% CI: 0.9-1.8) (Figure 1). Almost two thirds
(75/115; 65.2%) had culture converted by month 2 and almost all
converted (101/115; 87.8%) by month 6. Eleven patients (9.6%)
died during the first 12 months of treatment with median time to
death 3.1 months (IQR 1.2-8.9). Three patients (3/11; 27.3%) cul-
ture converted prior to death.

End of treatment outcome was available for approximately half
of the patients (65/115; 56.5%). Of them, favourable treatment out-
comes were recorded for 37 patients (56.9%), while 10 (15.4%)
failed treatment, 3 (4.6%) were LTFU and 14 (21.5%) died. One
patient’s (1.5%) outcome was not evaluated. 

Unadjusted analysis identified associations between longer
time culture conversion and smoking (HR: 0.47, 95% CI: 0.29-
0.75) as well as harmful alcohol use (HR: 0.56, 95% CI 0.38-0.83).
Surrogate markers of high initial bacterial load [positive baseline
sputum smear (HR: 0.37, 95% CI: 0.25-0.56) and presence of cav-

ities on initial chest radiography (HR: 0.42, 95% CI: 0.28-0.62)]
were also associated with longer time to culture conversion. There
was strong evidence for an association between resistance to at
least one fluoroquinolone drug and longer time to culture conver-
sion (HR: 0.51, 95% CI: 0.34-0.77) (Figure 2). Previous TB treat-
ment history with first line drugs (HR: 0.54, 95% CI: 0.29-0.99) or
second-line drugs (HR: 0.49, 95% CI: 0.32-0.77) was also among
the risk factors of longer time to culture conversion. 

In the adjusted Cox regression analysis, age 60 years or above
[adjusted HR (aHR): 0.40, 95% CI: 0.18-0.86], current smoking
status (aHR 0.39, 95% CI 0.20-0.73), positive sputum smear
microscopy at baseline (aHR: 0.40, 95% CI: 0.25-0.63), presence
of cavities on initial chest radiography (aHR: 0.56, 95% CI: 0.35-
0.88) and presence of resistance to at least one fluoroquinolone
drug (aHR: 0.52, 95% CI: 0.32-0.84) were independently associat-
ed with longer time to culture conversion Table 2.

Discussion

The key findings of our study are that the median time to culture
conversion was short (1.1 months, 95% CI: 0.9-1.8) and that
MDR/RR-TB treatment success was low (37/64; 56.9%) (Table 3).
Unsuccessful treatment outcomes were mainly due to death and
treatment failure, but only half of patients who died from the causes
related to TB. Most half of patients died because of TB had severe
forms of the disease at admission or did not receive new and repur-
posed TB drugs. Additionally, we assume that low treatment success
rate may be related to the fact that some of the patients who failed
treatment were only receiving new and repurposed TB drugs during
inpatient stage of treatment, but not in ambulatory stage. 

Multiple studies have previously reported time to culture con-
version as an interim predictor of MDR/RR-TB treatment response
with median times ranging from 54 to 196 days, which is consid-
erably higher than in our study [8,15-18]. Comparison of reported
median times to culture conversion can be challenging due to the
variation in characteristics of cohorts and testing methods. The use
of LJ culture media for treatment monitoring in our study, a widely
used practice in eastern European and central Asian countries, is
likely to result in lower measures of time to culture conversion
when compared to reports using liquid-based culture systems due
to the lower sensitivity of this method [19].

We found that additional resistance to fluoroquinolones was
independently associated with longer time to culture conversion.
Fluoroquinolones are considered as core drugs in the newest WHO
MDR/RR-TB treatment guidelines due to their potent bactericidal
activity [4]. In a large individual patient data meta-analysis, their
inclusion in treatment regimens was associated with approximately
4 times the odds of treatment success and half the odds of death [20].
In Lithuania, during the study period, treatment with bedaquiline,
delamanid and linezolid was restricted to cases where an effective
treatment regimen with at least 4 other drugs could not be construct-
ed. As a result, most of the patients who received bedaquiline (17/29;
58.6%), delamanid (15/19; 78.9%) or linezolid (39/60; 65%) also
exhibited fluoroquinolone-resistance. While the individual effects of
these drugs were difficult to capture in this study, their well reported
positive effect on MDR/RR-TB treatment response [9-11] may have
resulted in under-estimation of the negative effect of fluoro-
quinolone resistance on time to culture conversion.

Factors corresponding to a high initial bacterial load (positive
baseline smear grade and presence of cavities on initial chest radio-
graphy) were found to be associated with delayed culture conver-
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sion, a finding that has previously been described [7,21]. This find-
ing emphasizes the importance of detecting cases early and provid-
ing effective treatment prior to the development of destructive pul-
monary disease. 

Age over 60 years was associated with longer time to sputum
culture conversion in our study, a finding that has not been report-
ed previously [8,15,16]. This association may be due to the higher
prevalence of important unrecorded co-morbidities in this age

                             Article

                                                                                 n           (%)
Total           115       (100)

Demographic and behaviour characteristics                       
Sex,                                                                                                                      
Male                                                                                             86            (74.8)
Female                                                                                        29            (25.2)
Age, years                                                                                                           
Mean ± SD                                                                               47.9           ±11.7
18-39                                                                                            26            (22.6)
40-59                                                                                            73            (63.5)
60-81                                                                                            16            (13.9)
BMI                                                                                                                       
Median [25th - 75th percentiles]                                          22.1      [19.1-23.8]
Underweight (≤18.4)                                                              19            (15.2)
Normal weight (18.5-24.9)                                                      75            (60.0)
Overweight / obese (≥25.0)                                                  17            (13.6)
Not recorded                                                                             4              (3.2)
Smoking status                                                                                                  
Current smoker                                                                        91            (79.1)
Former smoker/Never smoked                                            23            (20.0)
Not recorded                                                                             1              (0.9)
Harmful alcohol use                                                                                         
Yes                                                                                               50            (43.5)
No                                                                                                64            (55.6)
Not recorded                                                                             1              (0.9)
Use of intravenous drugs                                                                                
Current user                                                                              1              (0.9)
Former user                                                                               9              (7.8)
Never used                                                                               104           (90.4)
Not recorded                                                                             1              (0.9)

                                                                                 n           (%)
Total           115       (100)

Clinical characteristics                                                          
HIV status                                                                                                           
HIV-positive                                                                              10             (8.7)
HIV-negative                                                                            105           (91.3)
Diabetes mellitus                                                                                             
Yes                                                                                                3              (2.6)
No                                                                                               112           (97.4)
Time to detection in liquid culture, days                                                    
Median [25th - 75th percentiles]                                          13.0       [8.0-19.0]
Median or below (5-13)                                                         47            (40.9)
Above the median (14-37)                                                      42            (36.5)
Not recorded                                                                            26            (22.6)
Baseline smear grade                                                                                      
Negative                                                                                      43            (37.4)
Positive                                                                                       71            (61.7)
Actual AFB count (1-9)                                                              19            (16.5)
1(+)                                                                                            28            (24.3)
2(+)                                                                                            10             (8.7)
3(+)                                                                                            14            (12.2)
Not recorded                                                                             1              (0.9)
Affected lobe count on initial chest X-ray                                                   
1                                                                                                    28            (24.3)
2                                                                                                    17            (14.8)
3                                                                                                    22            (19.1)
4                                                                                                    19            (16.5)
5                                                                                                    29            (25.2)
Presence of cavities on initial chest X-ray                                                  
Yes                                                                                               61            (53.0)
No                                                                                                54            (47.0)
MTB resistance type                                                                                        
RR-TB                                                                                          1                (1)
MDR-TB                                                                                      42            (36.5)
MDR-TB + SLI                                                                           15             (13.0)
MDR-TB + FQ                                                                           17             (14.8)
XDR-TB                                                                                       40             (34.8)
TB treatment history                                                                                   
New                                                                                         60            (52.2)
Treated with 1st line drugs                                                 16            (13.9)
Treated with 2nd line drugs                                                39            (33.9)

Drugs used for RR-TB treatment (first 6 months)                                  
Bedaquiline                                                                               28            (24.3)
Delamanid                                                                                  19            (16.5)
Linezolid                                                                                     60            (52.2)
Fluoroquinolones                                                                    114           (99.1)
Amikacin                                                                                     52            (45.2)
Capreomycin                                                                             66            (57.4)
Cycloserine                                                                               111           (96.5)
Prothionamide                                                                         110           (95.7)
P-aminosalicylic acid                                                               85            (73.9)
Pyrazinamide                                                                             55            (47.8)
Ethambutol                                                                                42            (36.5)

Table 1. Baseline characteristics of adult solid culture-positive pulmonary rifampicin-resistant tuberculosis patients that started treat-
ment in Republican Klaipeda Hospital Tuberculosis Branch from July 2016 to June 2019 (n=115).

RR-TB, rifampicin resistant tuberculosis; SD, standard deviation; HIV, human immunodeficiency virus; ART, antiretroviral therapy; BMI, body mass index; AFB, acid-fast bacilli; MTB, Mycobacterium tuberculosis; MDR-
TB, multidrug resistant tuberculosis; SLI, second line injectables; FQ, fluorochinolones; XDR-TB, extensively drug resistant tuberculosis.
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Figure 1. Kaplan Meier curve of time to sputum culture conversion adjusted for the competing risk of death among adult solid culture-
positive pulmonary rifampicin resistant tuberculosis patients that started treatment in Republican Klaipeda Hospital Tuberculosis
Branch from July 2016 to June 2019 (n=115).

Figure 2. Kaplan Meier curve of time to sputum culture conversion by the type of tuberculosis resistance adjusted for the competing
risk of death among adult solid culture-positive pulmonary rifampicin resistant tuberculosis patients that started treatment in
Republican Klaipeda Hospital Tuberculosis Branch from July 2016 to June 2019 (n=115). Fq-S, fluoroquinolone-sensitive; Fq-R, flu-
oroquinolone-resistant; MDR-TB, multidrug resistant; RR, rifampicin resistant; TB, tuberculosis.
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Table 2. Factors associated with time to sputum culture conversion among adult solid culture-positive pulmonary rifampicin-resistant
tuberculosis patients that started treatment in Republican Klaipeda Hospital Tuberculosis Branch from July 2016 to June 2019
(n=115).

Characteristics                                                Culture      Follow-up         Rate                  Crude             p-value          Adjusted           p-value
                                                                       conversion        time        (n/person-       hazard ratio                          hazard ratio              
                                                                            (n)           (person-      months)             (95% CI)                               (95% CI)

                                                                                              months)                                         
Total                  103             214.0             0.48                       –                      –                                               

Sex                                                                                                                                                                                                                                                                                   
Male                                                                                           75                    176.0                   0.43                  0.73 (0.47-1.13)             0.156           1.37 (0.80-2.32)             0.249
Female                                                                                      28                     37.9                    0.74                             ref.                        ref.                       ref.                        ref.
Age, years                                                                                                                                                                                                                                                                       
18-39                                                                                          23                     32.9                    0.70                             ref.                        ref.                       ref.                        ref.
40-59                                                                                          68                    145.0                   0.47                  0.71 (0.44-1.14)             0.157           0.72 (0.43-1.20)             0.204
60-81                                                                                          12                     36.0                    0.33                  0.63 (0.31-1.27)             0.196           0.40 (0.18-0.86)             0.019
BMI                                                                                                                                                                                                                                                                                  
Underweight (≤18.4)                                                             16                     47.3                    0.34                  0.70 (0.40-1.21)             0.195                        –                             –
Normal weight (18.5-24.9)                                                    68                    134.0                   0.51                             ref.                         ref.                         –                             –
Overweight/obese (≥25.0)                                                   17                     14.4                    1.18                  1.68 (0.99-2.87)             0.056                        –                             –
Smoking status                                                                                                                                                                                                                                                              
Current smoker                                                                      80                    193.0                   0.41                  0.47 (0.29-0.75)             0.002           0.39 (0.20-0.73)             0.003
Former smoker/Never smoked                                          23                     19.2                    1.20                             ref.                        ref.                       ref.                        ref.
Harmful alcohol use                                                                                                                                                                                                                                                    
Yes                                                                                             42                    134.0                   0.31                  0.56 (0.38-0.83)             0.004           0.75 (0.47-1.20)             0.226
No                                                                                              61                     78.7                    0.78                             ref.                                                     ref.                            
Use of intravenous drugs                                                                                                                                                                                                                                           
Current user                                                                             1                        0.0                      NA                                –                             –                                                            
Former user                                                                             6                       26.9                    0.22                  0.51 (0.22-1.16)             0.108                        –                             –
Never used                                                                              96                    186.0                   0.52                             ref.                        ref.                         –                             –
HIV status                                                                                                                                                                                                                                                                      
HIV-positive                                                                                7                       24.9                    0.28                  0.65 (0.30-1.41)             0.277                        –                             –
HIV-negative                                                                              96                    189.0                   0.51                             ref.                           –                           –                             –
Diabetes mellitus                                                                                                                                                                                                                                                        
Yes                                                                                              0                       21.5                    0.00                             NA                          NA                          –                             –
No                                                                                             103                   192.0                   0.54                             ref.                         ref.                         –                             –
Baseline smear grade                                                                                                                                                                                                                                                 
Negative                                                                                    41                     30.0                    1.37                             ref.                                                                                        
Positive                                                                                     61                    184.0                   0.33                  0.37 (0.25-0.56)           <0.001          0.40 (0.25-0.63)           <0.001
Presence of cavities on initial chest X-ray                                                                                                                                                                                                             
Yes                                                                                             53                    169.0                   0.31              0.42 (0.28-0.62)     <0.001    0.56 (0.35-0.88)      0.013
No                                                                                              50                     45.1                    1.11                             ref.                        ref.                       ref.                        ref.
MTB resistance type                                                                                                                                                                                                                                                    
RR-TB / MDR-TB / MDR-TB + SLI                                       55                     63.7                    0.86                             ref.                        ref.                       ref.                        ref.
MDR-TB + FQ / XDR-TB                                                       48                    150.0                   0.32              0.51 (0.34-0.77)      0.001     0.52 (0.32-0.84)      0.008
TB treatment history                                                                                                                                                                                                                                                   
New                                                                                           56                     66.4                    0.84                             ref.                        ref.                       ref.                        ref.
Treated with 1st line drugs                                                   13                     34.3                    0.38              0.54 (0.29-0.99)      0.046          0.75 (0.38-1.46)             0.395
Treated with 2nd line drugs                                                  34                    113.0                   0.30              0.49 (0.32-0.77)      0.002          0.63 (0.38-1.04)             0.072
Drugs used for RR-TB treatment (first 6 months)*                                                                                                                                                                                            
Bedaquiline                                                                              28                     40.7                    0.69                  1.28 (0.82-1.98)             0.278                        –                             –
Delamanid                                                                                19                     37.3                    0.51                  0.91 (0.55-1.50)             0.708                        –                             –
Linezolid                                                                                   60                     97.5                    0.62                  1.25 (0.84-1.86)             0.280                        –                             –
Fluorochinolones                                                                  102                   211.0                   0.48                  1.37 (0.19-9.87)             0.754                        –                             –
Amikacin                                                                                   48                     94.5                    0.51                  1.08 (0.73-1.60)             0.692                        –                             –
Capreomycin                                                                           58                    135.0                   0.43                  0.92 (0.62-1.36)             0.683                        –                             –
Cycloserine                                                                             100                   211.0                   0.47                  0.61 (0.19-1.96)             0.410                        –                             –
Prothionamide                                                                        98                    208.0                   0.47                  0.71 (0.29-1.77)             0.467                        –                             –
P-aminosalicylic acid                                                             78                    164.0                   0.48                  1.03 (0.65-1.61)             0.915                        –                             –
Pyrazinamide                                                                           45                    121.0                   0.37                  0.72 (0.49-1.07)             0.107                        –                             –
Ethambutol                                                                              37                     59.1                    0.63                  1.25 (0.83-1.87)             0.286                        –                             –
Missing data was excluded during hypothesis testing. Bold indicates statistically significant associations (p<0.05). Harmful alcohol use is defined as either harmful use of alcohol reported in the past or use of alco-
hol during treatment. NA, not applicable (zero cases in the comparison group or missing data); RR-TB, rifampicin resistant tuberculosis; CI, confidence interval; SD, standard deviation; HIV, human immunodeficiency
virus; ART, antiretroviral therapy; BMI, body mass index; IQR, interquartile range; AFB, acid-fast bacilli; MTB, Mycobacterium tuberculosis; MDR-TB, multidrug resistant tuberculosis; SLI, second line injectables; FQ,
fluorochinolones; XDR-TB, extensively drug resistant tuberculosis. 
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group. We found that smoking was independently associated with
longer time to culture conversion, a finding that has been previous-
ly described [16,21]. Smoking is known to negatively affect the
phagocytic function of alveolar macrophage resulting in inade-
quate pulmonary immune responses and wider spread of TB infec-
tion [21,22].  Similar to the study from Yihunie Akalu et al., we
found a crude association between self-reported harmful use of
alcohol and longer time to sputum culture conversion [7].
However, after adjusting for other factors, no evidence of an asso-
ciation remained. This can be explained by the fact that harmful
use of alcohol was overlapping with other detected factors associ-
ated with time to sputum conversion, such as: male sex, positive
smoking status, and higher severity of TB disease. This finding
reflects the complex mechanism underlying the association
between addiction and health outcomes [23]. 

Our study had several strengths: our database included all
patients treated at the hospital and corresponding with inclusion
criteria and study period. The study was carried out under routine
conditions, meaning that the data were representative of the real-
world situation. The variables and measurements collected within
the study were well standardized and defined. Missing data was
kept at minimal, far below generally accepted 10% threshold.  

The retrospective single site study design limits the generaliz-
ability of our findings. However, since TB clinical practice across
eastern Europe and central Asia has many similarities, findings are
likely to be applicable to countries beyond the Baltic states. When
evaluating the effectiveness of treatment regimens, the use of inter-
im rather than final outcomes remains a limitation despite their
previous validation [5]. By choosing to describe final treatment
outcomes alongside interim outcomes, this study was able to report
more recent and likely more relevant experience from a treatment
cohort. Furthermore, since this study relates to a period when
newer TB drugs were introduced into routine clinical practice in
Lithuania, restrictions on their use are likely to have introduced
bias in the allocation of treatment particularly based on patient age
and the presence of more advanced drug resistance. 

Nevertheless, this was a first study that evaluates factors asso-
ciated with time to sputum culture conversion for MDR/RR-TB
patients in Lithuania. Identifying these factors allows for better
allocation of programme resources towards those identified at
greatest risk of poor treatment outcome. 

Conclusions 

The results of our study generate evidence for clinicians and
policymakers in Lithuania that suggests the need to provide addi-
tional interventions, known to increase favorable treatment out-
comes, such as health education and counseling on tuberculosis
and treatment adherence, treatment adherence interventions and
scale up the use of new and repurposed drugs to patient groups at
risk of worse interim treatment outcome: patients aged 60 and
above, with resistance to fluoroquinolones, smear–positive, smok-
ers, or with signs of extensive disease evident on initial chest
radiography. By offering more potent treatment and allocating
more resources towards those at highest risk of inadequate treat-
ment response, we are likely to see future improvements in
MDR/RR-TB treatment success in Lithuania. 
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