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ABSTRACT
Background: Georgia has countrywide drug susceptibility testing (DST) 

coverage, but it has never been determined what proportion of drug-resistant 

tuberculosis (DR-TB) patients receive treatment in compliance with the DST 

profile and whether this compliance is associated with the treatment outcome.

Objective: The aim of the study was to determine the extent of treatment 

adjustment and its association with treatment outcomes among DR-TB 

patients in Georgia.

Methods: A retrospective cohort study was conducted among 670 DR-TB 

patients aged 18 years and older, from the 2015 and 2016 cohorts.

Results: The initially prescribed treatment regimens of 319 (47.6%) DR-TB 

cases required adjustment. Of these, in 137 (42.9%) cases the regimen was 

completely adjusted and in 182 (57.0%) cases it was not completely adjusted: 

in 33 (33/182) cases the regimen was only partially adjusted and in 149 

(149/182) cases it was not adjusted at all.

Analysis shows that complete adjustment of treatment is significantly 

associated with successful treatment outcomes.

Conclusion: For successful outcomes, all DR-TB treatment regimens, 

including resistant drug(s), should be adjusted based on the DST profile, 

regardless of the type of resistance, the number or type of resistant drug(s), 

and new or repurposed drugs being included in the regimen.
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INTRODUCTION
According to the World Health Organization (WHO), people 
in many countries are still suffering from tuberculosis (TB) (1). 
The total number of TB cases reported in Georgia in 2017 was 
2927, with an incidence of 79 cases per 100 000 population. 
Rifampicin-resistant tuberculosis (RR-TB) and multidrug-
resistant tuberculosis (MDR-TB) were diagnosed in 11% of new 
and in 30% of previously treated cases. Only 56% of RR/MDR-
TB patients from the 2015 cohort were successfully treated (2).

In line with WHO recommendations, the Georgian algorithm 
for TB diagnosis recommends the GeneXpert MTB/RIF test 
and first- and second-line line probe assays (FL-/SL-LPA) as 
the initial diagnostic tests for TB (3, 4). These genotypic drug 
susceptibility tests (gDSTs), conducted at treatment initiation, 
can demonstrate susceptibility to two out of five second-
line drugs in the DR-TB treatment regimens. The complete 
DST profile, such as susceptibility to all drugs, which may 
be included in the DR-TB regimen, requires phenotypic 
DST (pDST), the results of which only become available 
two months after treatment initiation. Based on WHO 
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recommendations, once pDST results become available, the 
initial DR-TB treatment regimen should be adjusted in line 
with complete DST results (5).

A meta-analysis of previous studies shows that treatment 
outcomes were significantly worse for most TB drugs when 
they were used despite in vitro resistance. In adjusted analyses, 
the use of ethambutol (E), para-aminosalicylic acid (PAS), 
pyrazinamide (Z) or capreomycin (Cm) was associated with 
significantly less success and higher mortality, especially in 
cases when isolates were resistant (6).

Georgia has a high rate of laboratory-confirmed TB cases with 
DST coverage. In 2017, 71% of reported new cases and 74% of 
previously treated cases (2111 cases in total) were tested for 
rifampicin resistance and 296 RR/MDR-TB cases were tested 
for resistance to second-line TB drugs (2). However, it was 
undetermined what proportion of treatment regimens were 
designed on the basis of these test results, or what proportion 
of DR-TB patients in Georgia received treatment that was fully 
compliant with the individual DST profile and whether this 
compliance was associated with the treatment outcomes.

Hypothetically, the non-compliance of prescribed treatment 
regimens with individual DST results may explain the poor 
treatment outcomes among DR-TB patients. A  recent study 
designed to verify this hypothesis involved filling gaps in 
the evidence and ascertaining whether there is a  difference 
between efficacies of adjusted and not adjusted DR-TB 
treatment regimens. Therefore, the study aimed to determine 
the proportion of DR-TB patients who received treatment in 
compliance with DST profile and to estimate the likelihood 
of favourable treatment outcomes among DR-TB patients for 
whom the treatment regimen was adjusted.

METHODS
STUDY DESIGN AND POPULATION
A retrospective cohort study was conducted with individual 
data from DR-TB patients aged 18 years or older who were 
entered in the National Tuberculosis Electronic Register 
(NTER) in 2015 and 2016 and for whom a treatment outcome 
was defined before 1 October 2018.

Considering the inclusion criteria, 670 DR-TB cases (390 
cases from the 2015 cohort and 280 cases from the 2016 
cohort) were selected as study participants. From this, 319 
patients were identified as cases whose treatment regimens 
needed adjustment.

STUDY SETTING
The study was conducted at the National Center for Tuberculosis 
and Lung Disease (NCTLD) as part of the Georgian National 
Tuberculosis Programme.

During the study period TB laboratory networks performed 
smear microscopy, Xpert MTB/RIF testing, cultures on solid 
and liquid media, and DST to first- and second-line drugs by 
automated Mycobacteria Growth Indicator Tube (MGIT) and 
LPA methods.

Since June 2015, Georgia has been able to add bedaquiline and/
or delamanid, and linezolid and/or clofazimine as new and 
repurposed drugs to the DR-TB regimens.

The country uses a standardized electronic TB recording and 
reporting system. Case classification and definition of treatment 
category were provided using specialized TB surveillance 
services in line with the latest WHO recommendations (7).

DATA VARIABLES
Data variables were collected in relation to study objectives and 
included sociodemographic characteristics, laboratory data, 
data on treatment adjustment and treatment outcomes. The 
primary outcome was DR-TB treatment adjustment defined 
as complete removal of resistant drugs from the regimen after 
receiving gDST and/or pDST results, compared to partial 
removal or non-removal. DR-TB treatment outcomes were 
categorized as successful (cured and completed) or unsuccessful 
(failure, death, lost to follow-up (LTFU) or not evaluated).

STATISTICAL METHODS
The data collected were entered in EpiData (Version 3.1), 
validated, cleaned and analysed using R version 3.5.2 (R Core 
Team, 2018) and EasyStat (https://easystat.app). A descriptive 
analysis was performed for sociodemographic, behavioural 
and clinical characteristics. The cascade approach was used to 
describe identified resistance to specific drugs as a proportion 
of initial regimens and how many of them remained in the final 
regimen after receiving complete DST results. Bivariate and 
multivariate logistic regression analyses were used to measure 
the link between DR-TB treatment adjustment and treatment 
outcome. Odds ratios and their 95% confidence intervals 
were calculated. All the variables significant at p<0.05 in the 
bivariate analysis were included in the adjusted model.

ETHICAL APPROVAL
Permission to carry out the study was obtained from the 
NCTLD in Georgia. Local ethics approval was obtained 
from the Ethics Review Board of the NCTLD. Ethics 

https://easystat.app
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exemption was also received from the WHO Research Ethics 
Review Committee.

RESULTS
The data of 859 DR-TB patients from the 2015 and 2016 
cohorts were extracted from the NTER. According to the 
inclusion criteria, 670 DR-TB patients were selected as the 
study participants (see Figure 1). Based on gDST and/or pDST 
results, 351 (52.4%) of the selected patients had only susceptible 
drugs in the initially prescribed regimen and were defined as 
the group for whom adjustment was “not needed”. The key 
group of our study was formed by 319 (47.6%) cases, whose 
initially prescribed treatment regimens included at least one 
resistant drug, and defined as the “needs adjustment” group.

During the study period the general sociodemographic and 
clinical characteristics of the selected 670 (100%) DR-TB 
patients were summarized (see Table 1).

From the total 670 (100%) DR-TB cases a successful treatment 
outcome was defined in 410 (61.2%) cases (“cured” in 355 (53.0%) 
and “completed” in 55 (8.2%)) and an unsuccessful outcome in 
260 (38.8%) cases (“failure” in 50 (7.5%), “death” in 43 (6.4%), 
“LTFU” in 153 (22.8%) and “not evaluated” in 14 (2.1%)).

Out of the 319 patients who needed adjustment, in 137 (43.0%) 
cases the treatment regimen was completely adjusted (all resistant 
drugs were removed from the regimen) and in 182 (57.0%) cases 
it was not completely adjusted. Among these 182 cases, for 
33 (33/182) patients the regimen was partially adjusted (one or 
more, but not all resistant drugs were removed from the regimen) 
and for 149 (149/182) cases it was not adjusted at all (all drugs 
to which resistance was detected remained in the regimen). Of 
the 182 patients whose regimen was not completely adjusted, 
142 (78.0%) individuals had one resistant drug remaining in 
the regimen, 34 (18.7%) patients had two drugs, and six (3.3%) 
patients had three resistant drugs in their regimen.

The necessity of DR-TB treatment adjustment was determined by 
the drugs, such as ethambutol (E), pyrazinamide (Z), injectable 
agents (Ia), fluoroquinolones (Fq) and para-aminosalicylic acid 
(PAS), resistance to which it was possible to define based on 
available DSTs. These drugs were stratified by: their frequency 
in the initial treatment regimens, detected resistance, and 
the frequency of resistant drugs remaining in the treatment 
regimens after complete DST results (see Table 2).

Based on the study data, in 38 (74.5%) cases levofloxacin (Lfx); 
in 33 (54.1%) cases capreomycin (Cm); in 72 (46.2%) cases 
ethambutol (E); in 10 (38.5%) cases para-aminosalicylic acid 
(PAS); in 46 (36.8%) cases pyrazinamide (Z) and in 28 (35.0%) 
cases moxifloxacin (Mfx) was retained in the regimen despite 
resistance to these drugs.

The treatment regimens used differed in terms of the 
combination of the drugs in the regimen. In 425 (63.4%) cases 
treatment regimens were prescribed without new and/or 
repurposed drugs, while in 245 (36.6%) cases they involved new 
and/or repurposed drugs. For the new regimens, a combination 
of bedaquiline/delamanid+linezolid+clofazimine was most 
commonly used (in 166 (24.8%) cases).

Based on available DSTs it was not possible to define 
susceptibility to prothionamide/ethionamide, cycloserine, 
bedaquiline, delamanid, linezolid, clofazimine, imipenem-
cilastatin or amoxicillin-clavulanate. Hence, 291 (43.4%) 
regimens in the study population included more than four 
drugs with unknown susceptibility.

All key factors were analysed for association with the treatment 
outcomes. The adjusted analysis was used for factors defined 
as significantly associated with the treatment outcomes 
(see Table 3).

In bivariate analysis, TB treatment success was positively 
associated with treatment adjustment (OR 2.31; 95% CI 
[1.42–3.77]; p<0.001); “zero” resistant drugs in the regimen (OR 
2.31; 95% CI [1.38–3.86]; p=0.001); no resistant Lfx (OR 2.09; 
95% CI [1.05–4.13]; p=0.032) and no resistant Mfx (OR 2.79; 
95% CI [1.27–6.14]; p=0.008) in the regimen prescribed after 
DST results; female gender (OR 3.52; 95% CI [1.81–6.87]; 
p<0.001); new case (OR 3.95; 95% CI [2.42–6.43]; p<0.001); 
HIV-negative status (OR 2.65; 95% CI [1.01–6.93]; p= 0.040); 
no alcohol use (OR 1.97; 95% CI [1.23–3.16]; p=0.005); and no 
tobacco use (OR 2.27; 95% CI [1.41–3.67]; p<0.001). XDR-TB 
cases were less likely to achieve successful treatment outcomes 
(OR 0.46; 95% CI [0.24–0.90]; p=0.022).

Adjusted analysis shows significant association of a successful 
TB treatment outcome with complete treatment adjustment 
(adjusted OR 2.19; 95% CI [1.18–4.14]; p=0.014) and new DR-
TB cases (adjusted OR 2.62; 95% CI [1.48–4.69]; p=0.001).

Additional analysis was performed to identify study variables as 
risk(s) for non-adjustment. Analysis of the association between 
resistance type and treatment adjustment shows that pre-XDR-
TB may have a negative association with treatment adjustment 
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(OR 0.54; 95% CI [0.32–0.90]; p=0.017) (see Table 4). No other 
factors, including a specific resistant drug (for example, E, Z, 
Cm or Lfx) in the regimen, the number of resistant drugs in 
the regimen, new drugs in the regimen, or the number of drugs 
with unknown susceptibility in the regimen, were associated 
with treatment adjustment.

DISCUSSION
Based on the study findings, in 182 cases (57.1%) the regimen 
needed adjustment, but all or some resistant drugs were 
not removed from it. The proportion of all resistant drugs 
that remained in the regimen was more than 30%, but the 
highest percentage (74.5%) of resistant levofloxacin and 
35% of resistant moxifloxacin remained in the non-adjusted 
regimens. Statistical analysis concludes that the absence of 
resistant Lfx and Mfx in the regimen prescribed after DST 
results is associated with successful outcomes. This means that 
a significant proportion of the study population received non-
compliant treatment with resistant fluoroquinolones in the 
regimen and this was a risk for an unsuccessful outcome. This 
result is important and should be considered in the future as 
Lfx and Mfx continue to be recommended as the key drugs for 
new DR-TB regimens (8).

The main finding of our study confirms our initial hypothesis. 
The study results show a  significant association of treatment 
adjustment with successful treatment outcomes. This finding 
emphasizes the importance of DST results in guiding regimen 
selection. Therefore, there is an urgent need to expand 
laboratory capacity to perform standardized rapid DSTs for 
all potentially used DR-TB drugs. This is important not only 
in the selection of drugs that are currently used for DR-TB 
treatment, but also for new treatment regimens. However, 
testing for susceptibility to new and repurposed drugs is not 
available in all countries, which means that susceptibility may 
remain undetected. This suggests that DR-TB patients who 
were previously treated with new or repurposed drugs may 
already be at risk of being resistant to those drugs and, in cases 
of relapse, due to the lack of resistance test results, they may be 
treated with new, non-effective DR-TB regimens.

Based on the adjusted analysis, our study shows significant 
association of new TB cases with successful TB treatment 
outcomes, which is in line with the results of similar studies 
(9). Gender, alcohol use, tobacco use, HIV status, resistance 
type and resistant fluoroquinolones in the regimen were 
not statistically significantly associated with successful TB 

treatment outcomes. Factors such as new drugs, the number 
of resistant drugs and the number of drugs with unknown 
susceptibility in the regimen were not associated with 
adjustment vs non-adjustment or a successful vs unsuccessful 
outcome. The findings suggest that for successful outcomes all 
regimens that include resistant drug(s) and need adjustment 
should be adjusted regardless of the resistance type, the number 
or type of resistant drugs in the regimen, or the use of new or 
repurposed drugs and drugs with unknown susceptibility in 
the regimen.

Current data define pre-XDR-TB as the risk of non-adjustment, 
which can be explained by the limited choice of effective and/
or safe pre-XDR-TB drugs. However, the study results indicate 
that other risks of leaving treatment regimens unadjusted 
remain unclear. Further studies are needed to identify non-
adjustment risks, which may include delayed DST results or 
a  priority to remove toxic rather than resistant drugs from 
the regimen. Such studies are especially necessary in the 
near future because of the availability of all necessary rapid 
DSTs, and the choice between toxic and resistant drugs will 
remain limited in the case of the newly recommended DR-TB 
treatment regimens.

LIMITATIONS OF THE STUDY
Analysis of our data did not show a  statistically significant 
correlation between the use of new or repurposed drugs in the 
regimen and successful treatment outcomes, which is different 
from the results of the previous meta-analysis (6). This can be 
explained by the fact that in Georgia programmatic use of new 
or repurposed drugs began in 2015 and the study population 
was not fully covered.

Of the 149 patients for whom treatment regimens were not 
adjusted, 14 (9.4%) died and 36 (24.2%) were LTFU. The 
objective and design of the study did not allow for identifying 
individual time frames between receiving complete DST 
results and defining unsuccessful treatment outcomes such 
as death or LTFU. Among patients whose treatment regimen 
was not adjusted, it was not possible to determine whether the 
failure to adjust treatment was due to death or loss to follow-
up, which may be interpreted as bias.

Important data about injectable agents (Cm and Km) were 
not covered in the discussion because, in line with new WHO 
guidelines, Cm and Km are no longer recommended for DR-
TB treatment (8).
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Despite the identified associations between “zero” resistant 
drugs in the regimen and treatment outcomes, the variable 
“number of resistant drugs in the regimen” was not included 
in the adjusted analysis due to its close correlation with 
“treatment adjustment”.
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FIG. 1. STUDY FLOW CHART

DR-TB cases registered in the National Database 
n=859 

n=465 [2015 cohort] + n=394 [2016 cohort]

Cleaned data after duplicates removed
n=836 

n=455 [2015 cohort] + n=381 [2016 cohort]

Cases included in the study
n=670 

n=400 [2015 cohort] + n=270 [2016 cohort]

Cases where treatment regimens 
based on pDST and/or gDST results did 

not need adjustment
n=351

Cases where treatment regimens based on pDST
and/or gDST results needed adjustment

n=319

Removed duplicates
n=23

n=10 [2015 cohort] + n=13 [2016 cohort]

Not eligible cases excluded
n=166 

n=55 [2015 cohort] + n=111 [2016 cohort]

•  21 cases excluded due the <18 age group (n=8 
[2015 cohort] + n=13 [2016 cohort]);

•  In 35 cases DST was unknown (n=19 [2015 cohort] + 
n=16 [2016 cohort]);

•  41 cases were DR-TB, but not RR/MDR/XDR-TB 
[for example, Hr-TBa] (n=20 [2015 cohort] + n=21 
[2016 cohort]);

•  In 23 cases treatment outcome was unknown 
[2016 cohort];

•  In 46 cases info about treatment regimens was 
not completely known (n=8 [2015 cohort] + n=38 
[2016 cohort], mostly cases from the regional level 
and the penitentiary system).
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TABLE 1. SOCIODEMOGRAPHIC AND CLINICAL 
CHARACTERISTICS OF THE STUDY PARTICIPANTS 
(DR-TB PATIENTS, GEORGIA; JANUARY 2015–OCTOBER 
2018)

Categories/subcategories Total (N=670)

Age group N %

18–34 years 272 40.6

35–54 years 286 42.7

55+ years 112 16.7

Gender

Female 127 19.0

Male 543 81.0

Regions by prevalencea

High 297 44.3

Middle 272 40.6

Low 101 15.1

Alcohol usea

Yes 281 41.9

No 374 55.8

Unknown 15 2.2

Illicit drug usea

Yes 22 3.3

No 533 79.6

Unknown 115 17.2

Tobacco usea

Yes 377 56.3

No 293 43.7

HIV status

Positive 43 6.4

Negative 591 88.2

Unknown 36 5.4

TB case

New 324 48.4

Previously treated 346 51.6

Resistance type

RR-TB 86 12.8

MDR-TB 259 38.7

pre-XDR-TB 224 33.4

XDR-TB 101 15.1

Side effects

Non-serious 608 90.7

No 62 9.3

New drug in the regimen

TABLE 1. SOCIODEMOGRAPHIC AND CLINICAL 
CHARACTERISTICS OF THE STUDY PARTICIPANTS 
(DR-TB PATIENTS, GEORGIA; JANUARY 2015–OCTOBER 
2018)

Categories/subcategories Total (N=670)

Age group N %

Lzd or Cfz 36 5.4

Bdq or Dlm+Lzd or Cfz 43 6.4

Bdq or Dlm+Lzd+Cfz 166 24.8

No 425 63.4

Number of drugs with unknown susceptibility 
in the regimenb

0 11 1.6

1 56 8.4

2 191 28.5

3 121 18.1

4+ 291 43.4

Number of resistant drugs in the regimenb

0 488 72.8

1 142 21.2

2 34 5.1

3 6 0.9

Treatment adjustment

Not needed 351 52.4

Needed, of which: 319 47.6

Needed and completely adjusted 137 20.4

Needed but not adjusted 182 27.2

Treatment outcome

Cured 355 53.0

Completed 55 8.2

Died 43 6.4

Failed 50 7.5

LTFU 153 22.8

Not evaluated 14 2.1

aSee Annex 1.
bRegimen used after receiving complete DST results.

Legend:
HIV = human immunodeficiency virus
TB = tuberculosis
RR-TB = rifampicin-resistant tuberculosis
MDR-TB = multidrug-resistant tuberculosis
pre-XDR-TB = pre-extensively drug-resistant tuberculosis
XDR-TB = extensively drug-resistant tuberculosis
Lzd = linezolid
Cfz = clofazimine
Bdq = bedaquiline
Dlm = delamanid
LTFU = lost to follow-up
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TABLE 2. FREQUENCY OF THE DRUGS IN THE INITIAL REGIMEN, DETECTED RESISTANCE TO THESE DRUGS AND 
RESISTANT DRUGS IN THE REGIMEN AFTER RECEIVING COMPLETE DST RESULTS 
(DR-TB PATIENTS, GEORGIA; JANUARY 2015–OCTOBER 2018)

TB drug Drug in regimen 1a Detected resistance Drug in regimen 2b

n/N % n/N % n/N %

E 172/670 25.7 156/172 90.7 72/156 46.2

Z 251/670 37.5 125/251 49.8 46/125 36.8

Km 8/670 1.2 2/8 25.0 – –

Am – – – – – –

Cm 299/670 44.6 61/299 20.4 33/61 54.1

Lfx 106/670 15.8 51/106 48.1 38/51 74.5

Mfx 195/670 29.1 80/195 41.0 28/80 35.0

PAS 229/670 34.2 26/229 11.4 10/26 38.5

Legend:
E = ethambutol
Z = pyrazinamide
Km = kanamycin
Am = amikacin
Cm = capreomycin
Lfx = levofloxacin
Mfx = moxifloxacin
PAS = para-aminosalicylic acid
aInitial treatment regimen.
bTreatment regimen after receiving complete DST results.

TABLE 3. FACTORS ASSOCIATED WITH DR-TB TREATMENT OUTCOMES 
(DR-TB PATIENTS, GEORGIA; JANUARY 2015–OCTOBER 2018)

Characteristics Total Successful Unsuccessful Bivariate Multivariate

N N (%) N (%) Odds 
ratio

95% CI p-value Adjusted 
odds ratio

95% CI p-value

Total 319 209 (65.5) 110 (34.5)

Gender

Female 75 63 (84.0) 12 (16.0) 3.52 [1.81–6.87] <0.001 1.73 [0.73–4.27] 0.219

Male 244 146 (59.8) 98 (40.2) ref. ref. ref. ref. ref. ref.

Alcohol use

Yes 127 71 (55.9) 56 (44.1) ref. ref. ref. ref. ref. ref.

No 189 135 (71.4) 54 (28.6) 1.97 [1.23–3.16] 0.005 1.29 [0.70–2.40] 0.409

Unknown 3 3 (100) 0 (0.0) n/a n/a n/a n/a n/a n/a

Tobacco use

Yes 167 95 (56.9) 72 (43.1) ref. ref. ref. ref. ref. ref.

No 152 114 (75.0) 38 (25.0) 2.27 [1.41–3.67] <0.001 1.87 [0.98–3.65] 0.062

HIV status

Positive 18 8 (44.4) 10 (55.6) ref. ref. ref. ref. ref. ref.

Negative 287 195 (67.9) 92 (32.1) 2.65 [1.01–6.93] 0.040 2.82 [0.89–9.41] 0.082

Unknown 14 6 (42.9) 8 (57.1) n/a n/a n/a n/a n/a n/a
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TABLE 3. FACTORS ASSOCIATED WITH DR-TB TREATMENT OUTCOMES 
(DR-TB PATIENTS, GEORGIA; JANUARY 2015–OCTOBER 2018)

Characteristics Total Successful Unsuccessful Bivariate Multivariate

N N (%) N (%) Odds 
ratio

95% CI p-value Adjusted 
odds ratio

95% CI p-value

TB case

New 198 153 (77.3) 45 (22.7) 3.95 [2.42–6.43] <0.001 2.62 [1.48–4.69] 0.001

Previously treated 121 56 (46.3) 65 (53.7) ref. ref. ref. ref. ref. ref.

Resistance type

RR-TB 4 2 (50.0) 2 (50.0) 0.42 [0.03–6.05] 0.582 0.20 [0.01–2.33] 0.212

MDR-TB 102 72 (70.6) 30 (29.4) ref. ref. ref. ref. ref. ref.

pre-XDR-TB 154 104 (67.5) 50 (32.5) 0.87 [0.50–1.49] 0.606 1.57 [0.82–3.05] 0.176

XDR-TB 59 31 (52.5) 28 (47.5) 0.46 [0.24–0.90] 0.022 0.76 [0.33–1.77] 0.522

Ofx-resistant Lfx in the 
regimena

Yes 38 19 (50.0) 19 (50.0) ref. ref. ref. ref. ref. ref.

No 281 190 (67.6) 91 (32.4) 2.09 [1.05–4.13] 0.032 1.44 [0.56–3.67] 0.447

Ofx-resistant Mfx in the 
regimena

Yes 28 12 (42.9) 16 (57.1) ref. ref. ref. ref. ref. ref.

No 291 197 (67.7) 94 (32.3) 2.79 [1.27–6.14] 0.008 1.88 [0.67–5.36] 0.231

Treatment adjustment

Completely adjusted 137 104 (75.9) 33 (24.1) 2.31 [1.42–3.77] <0.001 2.19 [1.18–4.14] 0.014

Partially adjusted and not 
adjusted

182 105 (57.7) 77 (42.3) ref. ref. ref. ref. ref. ref.

Legend:
HIV = human immunodeficiency virus
TB = tuberculosis
RR-TB = rifampicin-resistant tuberculosis
MDR-TB = multidrug-resistant tuberculosis
pre-XDR-TB = pre-extensively drug-resistant tuberculosis
XDR-TB = extensively drug-resistant tuberculosis
Ofx = ofloxacin
Lfx = levofloxacin
Mfx = moxifloxacin
ref. = reference category
n/a = not applicable, category excluded from regression analysis
aTreatment regimen after receiving complete DST results
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TABLE 4. ASSOCIATION BETWEEN RESISTANCE TYPE AND DR-TB TREATMENT ADJUSTMENT 
(DR-TB PATIENTS, GEORGIA; JANUARY 2015–OCTOBER 2018)

Factors/level Total (N=319) 
n (%)

Completely 
adjusted 
(N=137) 
n (%)

Partially adjusted 
and not adjusted 
(N=182) 
n (%)

Bivariate

Odds ratio 95% CI p-value

Resistance type

RR-TB 4 (1.3) 1 (0.7) 3 (1.6) 0.34 [0.01–4.35] 0.618

MDR-TB 102 (32.0) 51 (37.2) 51 (28.0) Ref. ref. ref.

pre-XDR-TB 154 (48.3) 54 (39.4) 100 (54.9) 0.54 [0.32–0.90] 0.017

XDR-TB 59 (18.5) 31 (22.6) 28 (15.4) 1.11 [0.58–2.1] 0.756

Legend:
RR-TB = rifampicin-resistant tuberculosis; MDR-TB = multidrug-resistant tuberculosis; pre-XDR-TB = pre-extensively drug-resistant tuberculosis; 
XDR-TB = extensively drug-resistant tuberculosis; ref. = reference category. 

ANNEX 1
The following definitions were used in the study:

• For the category “regions by prevalence” we divided regions 
of all initially selected 859 DR-TB patients by prevalence. 
High prevalence was defined for regions with more than 
100 DR-TB cases, middle prevalence for regions with 50–
100 DR-TB cases, and low prevalence was applied to regions 
with fewer than 50 DR-TB cases (see Table 5).

• In the alcohol use, illicit drug use and tobacco use categories, 
yes and no answers were based on information provided 
by the patient. “Unknown” was used if the patient did not 
answer questions about alcohol or illicit drug use.

TABLE 5. GROUPING OF REGIONS BY PREVALENCE

DR-TB cases (N) Prevalence Region

>100 High Tbilisi

50–100 Middle Samegrelo

Adjara

Kvemo Kartli

Imereti

Penitentiary system

<50 Low Shida Kartli

Kakheti

Samtskhe-Javakheti

Mtskheta-Mtianeti

Guria

Racha-Lechkhumi
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