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ABSTRACT
Background: Ukraine is one of 30 countries in the world with a high multidrug-

resistant tuberculosis (MDR-TB) burden. In 2013–2014 Ukraine conducted 

its first nationwide drug-resistance survey, which was followed by the 

establishment of a case-based electronic surveillance system that enabled 

the move from periodic surveys to routine drug-resistance surveillance.

Objective: To define the prevalence of, and risk factors associated with, RR/

MDR-TB (tuberculosis with resistance to at least rifampicin) in TB patients 

registered in the surveillance system in 2017, with a  focus on comparing 

those living in urban and rural areas in Ukraine. The secondary aim was to 

compare findings with the drug-resistance survey results of 2014.

Methods: The study population in this observational cross-sectional study 

consisted of all 10 984 new pulmonary TB patients with a  drug sensitivity 

test (DST) result, registered in the national TB register in 2017. Univariate 

and multivariate logistic regression analyses were performed to compare 

RR/MDR-TB prevalence between the urban and rural populations adjusted 

for other factors and to assess the independent risk factors associated with 

RR/MDR-TB.

Results: The prevalence of RR/MDR-TB in the rural population was 

significantly lower than in the urban population at 20.9% and 29.0% 

respectively (P = 0.000). Risk factors independently associated with RR/

MDR-TB in both urban and rural areas were a  younger age, a  positive HIV 

status, alcohol abuse and the residing geographical zone within Ukraine. 

Overall, the study found no difference in the overall prevalence of RR/MDR/

TB in the 2017 routine surveillance data compared to that recorded in the 

nationwide drug-resistance survey in 2013–2014.

Conclusion: This was the first attempt at an in-depth analysis of RR/MDR-

TB prevalence based on routine drug-resistance surveillance data in Ukraine. 

The study identifies groups with a higher risk for RR/MDR-TB as well as areas 

where the RR/MDR-TB prevalence is over 30%, which will be the focus of 

programmatic interventions. Furthermore, the study results can serve as 

a baseline for future monitoring of TB drug-resistance in Ukraine.
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INTRODUCTION
Ukraine is one of 30 countries in the world with a  high 
multidrug-resistant tuberculosis (MDR-TB) burden and has 
one of the highest number of cases in the WHO European 
Region with resistance to at least rifampicin (RR/MDR-TB) 
that are eligible for MDR-TB treatment according to WHO 
guidelines (1). In 2017 the National Tuberculosis (TB) 
programme in Ukraine reported 6 757 new RR/MDR-TB 
cases  (2), which is the second highest number in the Region 

after the Russian Federation. This number is also likely to be 
on the low side, with WHO estimating that that there were 
10 000 new pulmonary RR/MDR-TB cases in Ukraine (3).

The sharp increase in RR/MDR-TB seen in Ukraine over the 
past decade can be explained by the lack of both adequate 
laboratory infrastructure for early RR/MDR-TB detection and 
second line drugs, meaning that for a long period of time RR/
MDR-TB in Ukraine was largely unaddressed.
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RISK FACTORS ASSOCIATED WITH RR/MDR-TB AMONG NEW PULMONARY TUBERCULOSIS PATIENTS IN URBAN AND RURAL AREAS 
OF UKRAINE IN 2017: RETROSPECTIVE ANALYSIS OF ROUTINE SURVEILLANCE DATA

The drug-resistance survey was conducted in 2013–2014, as 
routine drug-resistance surveillance data were unreliable 
at the time. It identified that the prevalence of RR/MDR-TB 
among new and previously treated TB cases was 23% and 48% 
respectively. In addition, univariate and multivariate analysis 
of the data collected in the survey showed that a younger age 
(with every 10-year age increment the risk decreased by 20%), 
residence in central and south-eastern zones of Ukraine and 
a positive HIV status were key risk factors associated with an 
increased chance of RR/MDR-TB among new pulmonary TB 
cases in Ukraine (4). The survey also recorded a lower rate of 
RR/MDR-TB in rural populations compared to those living in 
urban areas (18.9% against 29.1%) (4).

Since the survey, however, a  lot of progress related to the 
programmatic management of RR/MDR-TB has been made. 
All regions in Ukraine have received GeneXpert machines (5), – 
an automated molecular diagnostic tool, which enables the 
rapid diagnosis of both TB and rifampicin resistance  – and 
drug sensitivity testing (DST) has increased, reaching 96.8% 
of all TB cases in 2015 (6). Furthermore, according to national 
reports, universal treatment coverage with second line drugs 
for all patients identified as having RR/MDR-TB had been 
achieved by 2013 (2).

In addition, with the establishment of the national TB register, 
e-TB manager (e-TB manager version 1.0 adapted for the 
Ukrainian context),  – the case-based real-time electronic 
surveillance system  – in 2014, routine drug-resistance 
surveillance has substantially improved. The e-TB manager 
allows for the retrieval of reliable data for routine monitoring, 
reporting and carrying out operational research. Given this 
improvement in routine drug-resistance surveillance since 
the drug-resistance survey in 2013–2014, it is now feasible 
to begin to explore how the interventions undertaken by the 
National TB programme have influenced the epidemic and 
epidemiological profile of RR/MDR-TB patients in Ukraine.

We have therefore assessed the risk factors of RR/MDR-TB 
based on routine drug-resistance surveillance data from 
the most recent countrywide cohort of new pulmonary TB 
cases (2017). Given the lower rate of RR/MDR-TB observed in 
rural areas compared to in urban areas in the drug-resistance 
survey, despite a higher incidence of TB overall (2), the aim of 
the study was to measure the prevalence of and define the risk 
factors associated with RR/MDR-TB in TB patients residing in 
rural areas compared to those from urban settings in Ukraine. 
Thereby, target groups can be identified for the planning and 
tailoring of prevention and early diagnostic interventions for 
RR/MDR-TB. The secondary aim of the study was to compare 

findings with the drug-resistance survey results of 2014 to 
assess the effectiveness of national TB interventions.

METHODS
DESIGN
Data used for this observational cross-sectional study were 
extracted from the national TB register of Ukraine. Data were 
manually checked for inconsistency and cleaned (for example 
irrelevant data were removed). Cases with no DST data were 
excluded from analysis, with the assumption that there is 
no major difference in the characteristics of this excluded 
population compared to the overall study population. This 
assumption is based on the fact that the majority of cases 
with missing data occurred due to limitations relating to data 
recording and input into the electronic surveillance system: 
the fact that the rate of DST among bacteriologically confirmed 
TB cases is over 95% (2,5,6) indicates a high rate of adherence 
to diagnostic guidelines among health-care workers.

GENERAL SETTING
Ukraine is a country with a population of 42 million people. 
The registration of TB cases to the national TB programme 
is compulsory in Ukraine. All TB patients are entitled to 
free diagnosis and treatment and according to the current 
diagnostic algorithm all TB patients are supposed to be tested 
for drug sensitivity regardless of TB treatment or HIV status.

SPECIFIC SETTING
TB surveillance is carried out through the case-based real-
time electronic surveillance system, e-TB-manager, which has 
around 2500 active users in about 900 health-care facilities. 
The quality of the routine TB data is monitored by national 
TB officers on a continuous basis to ensure that recorded data 
are complete, accurate and inputted in a  timely manner. For 
the purpose of quality assurance, paper-based reports are 
regularly cross-checked with the electronic register during 
monitoring visits by the national TB officers to the regional 
sites and by visits of regional TB specialist to district level sites.

The National TB programme is not currently monitoring or 
delivering care to TB patients in Crimea and Sevastopol city, 
so no data is available for these regions. In addition, there 
are also certain areas within the Donets’k and Luhans’k 
regions (oblasts) not currently covered by the National TB 
programme, so data presented from these oblasts may not be 
fully representative of the entire oblast.
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STUDY POPULATION
The studied population consisted of all new pulmonary TB 
patients in Ukraine registered in the e-TB manager from 
January 2017 to December 2017 with available DST results (at 
least for rifampicin).

DATA VARIABLES
The outcome of interest was the RR/MDR-TB status defined as 
resistance to at least rifampicin, identified by any genotypic or 
phenotypic method. Variables included into the analysis were: 
area of residence (urban/rural), age, sex, oblast, geographical 
zone (central, south-eastern and western), HIV status, 
presence of cavities in the lungs, alcohol abuse, smoking status, 
homelessness, prior incarceration, encountered TB contact, 
employment and social status.

ANALYSIS AND STATISTICS
Data were analysed using Stata version 15 (StataCorp, College 
Station, TX, USA). The odds ratio (OR) was selected as the 
measure of the association between a risk factor and outcome. 
The χ2 test was used to assess the statistical significance of 
a deviation of OR from 1 and a P – value < 0.05 was considered 
as statistically significant. For the multiple ordered categorical 
variable (age), the test of departure from linearity was applied. 
Manthel-Henzel estimates of association between area of 
residence and RR-resistance was calculated with adjustments 
for all possible confounding factors. To assess independent 
risk factors all variables associated with RR/MDR-TB with 
a  P-value below 0.1 were taken into a  multivariate logistic 
regression analysis. A cut off likelihood-ratio test with P = 0.05 
was used to exclude variables from the model.

ETHICAL APPROVAL
Permission to carry out the study was obtained from the State 
institution Public Health Center of the Ministry of Health 
of Ukraine and local ethical approval was granted by the 
Institutional Review Board of the same institution. Exemption 
from an ethics review was also received from the WHO 
Research Ethics Review Committee.

RESULTS
In 2017 the National TB programme reported 21 899 new TB 
cases in Ukraine. Of them, 2 200 (10.0%) were extrapulmonary. 
Of the 19 699 new pulmonary TB cases, 12 840 (65.2%) were 
bacteriologically confirmed and, of these, 1856 (14.5%) had 
missing DST results, leaving a  total of 10 984 patients with 
a recorded DST result for at least rifampicin, which made our 
study population (Fig. 1).

Table  1 provides the characteristics of the study population 
by area of residence. The majority of the study population was 
male (71.3% and 74.8% in urban and rural areas respectively). 
The mean age of the study population in urban and rural area 
was 42.4 (SD = 14.1) and 44.4 (SD = 14.9) respectively. In urban 
areas 22.2% of patients were HIV-positive compared to 11.9% in 
rural areas. Overall, 66.0% of the study population of working 
age were unemployed, 0.6% had a history of incarceration and 
3.5% were homeless. With regards to the main risk factors, 
19.9% of the study population were abusing alcohol at the time 
of diagnosis (16.1% in urban areas and 25.5% in rural areas), 
23.9% were smokers and 1.7% of patients had been in contact 
with bacteriologically confirmed TB patients. Lung cavities 
were observed in 57.0% of the population. The prevalence of 
RR/MDR-TB among urban and rural populations was 29.0% 
and 20.9% respectively (Table 1). The odds of harbouring RR/
MDR-TB strains were about 30% higher for urban residents that 
for rural residents (aOR = 1.29, 95% CI (1.17–1.42), P = 0.000).

The geographical zone was the only confounding factor that 
distorted the association between area of residence and RR/
MDR-TB, however, the test of homogeneity across the strata of 
zones was not statistically significant. Patients from urban areas 
across all three zones had a 37% higher chance of developing 
RR/MDR-TB compared to patients from rural areas. There was 
a  clear geographical pattern of RR/MDR-TB with double the 
prevalence seen in the south-eastern oblasts compared to in the 
western oblasts, both in rural and urban areas.

New TB patients, 
21 899 (100%)

Extrapulmonary TB 
patients, 

2200 (10.0%)

Clinically diagnosed 
only patients, 
6859 (34.8%)

Missing DST result 
for rifampicin, 
1856 (14.5%)

Pulmonary TB patients, 
19 699 (90.0%)

Bacteriologically 
confirmed TB patients, 

12 840 (65.2%)

Patients with DST 
results for rifampicin, 

10 984 (85.5%)

FIG. 1. DATA FLOW DIAGRAM FOR NEW TB PATIENTS IN 
UKRAINE, 2017
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TABLE 1. CHARACTERISTICS OF THE STUDY POPULATION IN UKRAINE, 2017

Characteristics Total (n=10 984) Urban (n=6 448) Rural (n=4 536)

n % n % n %

Sex

male 7 989 72.7% 4 597 71.3% 3 392 74.8%

female 2 995 27.3% 1 851 28.7% 1 144 25.2%

Age

<25 years 730 6.6% 444 6.9% 286 6.3%

25–34 years 2 525 23.0% 1 558 24.2% 967 21.3%

35–44 years 3 229 29.4% 1 985 30.8% 1 244 27.4%

45–54 years 2 213 20.1% 1 230 19.1% 983 21.7%

55–64 years 1 362 12.4% 763 11.8% 599 13.2%

≥65 925 8.4% 468 7.3% 457 10.1%

HIV status*

HIV negative 8 788 82.1% 4 916 77.8% 3 872 88.1%

HIV positive 1 920 17.9% 1 399 22.2% 521 11.9%

Unemployed of able-bodied age

no/unknown 3 737 34.0% 2 388 37.0% 1349 29.7%

yes 7 247 66.0% 4 060 63.0% 3 187 70.3%

Prior incarceration

no/unknown 10 913 99.4% 6 403 99.3% 4 510 99.4%

yes 71 0.6% 45 0.7% 26 0.6%

Alcohol abuse

no/unknown 8 793 80.1% 5 413 83.9% 3 380 74.5%

yes 2 191 19.9% 1035 16.1% 1 156 25.5%

Homeless person

no/unknown 10 601 96.5% 6 147 95.3% 4 454 98.2%

yes 383 3.5% 301 4.7% 82 1.8%

Presence of cavities in lungs†

no 4707 43.0% 2879 44.8% 1828 40.4%

yes 6244 57.0% 3551 55.2% 2693 59.6%

Smoking status

no/unknown 8356 76.1% 5010 77.7% 3346 73.8%

yes 2628 23.9% 1438 22.3% 1190 26.2%

TB contact

no/unknown 10 799 98.3% 6361 98.7% 4438 97.8%

yes 185 1.7% 87 1.3% 98 2.2%

Geographical zone‡

western Ukraine 2720 24.8% 1170 18.1% 1550 34.2%

RISK FACTORS ASSOCIATED WITH RR/MDR-TB AMONG NEW PULMONARY TUBERCULOSIS PATIENTS IN URBAN AND RURAL AREAS 
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TABLE 1. (CONTINUED)

Characteristics Total (n=10 984) Urban (n=6 448) Rural (n=4 536)

n % n % n %

central Ukraine 3748 34.1% 2151 33.4% 1597 35.2%

south-Eastern Ukraine 4516 41.1% 3127 48.5% 1389 30.6%

Sensitivity to rifampicin

sensitive 8165 74.3% 4576 71.0% 3589 79.1%

resistant 2819 25.7% 1872 29.0% 947 20.9%

Employment status

employed 1495 13.6% 1077 16.7% 418 9.2%

unemployed of able-bodied age 6781 61.7% 3769 58.5% 3012 66.4%

unemployed because of disability 421 3.8% 247 3.8% 174 3.8%

student 116 1.1% 85 1.3% 31 0.7%

homeworker 90 0.8% 54 0.8% 36 0.8%

retired 1376 12.5% 718 11.1% 658 14.5%

other 214 1.9% 126 2.0% 88 1.9%

unknown 491 4.5% 372 5.8% 119 2.6%

TB localization

pulmonary 10 100 92.0% 5908 91.6% 4192 92.4%

both pulmonary and extrapulmonary 884 8.0% 540 8.4% 344 7.6%

Abbreviations: n = number; TB = Tuberculosis
*Data on HIV status were missing in 276 records
†Data on the presence of cavities in lungs were missing in 33 records
‡Western Ukraine: Chernivtsi, Ivano-Frankivs’k, Khmelnytsky, L’viv, Rivne, Ternopil, Volyn and Zakarpattya oblasts; central Ukraine: Cherkasy, Chernihiv, Kyiv, 
Kyiv (city), Kirovohrad, Poltava, Sumy, Vinnytsya and Zhytomyr oblasts; south-eastern Ukraine: Dnipropetrovs’k, Donets’k, Kharkiv, Kherson, Luhans’k, Mykolayiv, 
Odesa and Zaporizhzhya oblasts.

Univariate analysis (Table  2) revealed that sex was not 
associated with RR/MDR-TB in urban populations, while in 
rural areas females had a higher risk of RR/MDR-TB (OR = 1.22, 
P = 0.014). We observed a negative linear association between 
age and RR/MDR-TB in both rural and urban populations, 
with the proportions of RR/MDR-TB among the population 
aged below 25 years at 36.7% and 27.97% compared to 17.7% 
and 11.6% for the over 65  s, in urban and rural populations 
respectively. Other variables associated with RR/MDR-TB by 
univariate analysis in both urban and rural populations were: 
HIV status, alcohol abuse, smoking status, social status and 
geographical zone of residence. Additionally, an association 
was found between RR/MDR-TB and employment status: 
retired patients had lower odds of having RR/MDR-TB 
compared to those in employment both in urban (OR = 0.58, 
95% CI (0.46–0.73), P = 0.000) and rural areas (OR = 0.57, 95% 

CI (0.41–0.79), P = 0.001). Sex also initially showed association 
with RR/MDR-TB in rural areas, with female patients having 
higher odds of harbouring RR/MDR-TB (OR = 1.22, 95% CI 
(1.04–1.44), P  = 0.014). In rural areas unemployed patients 
with disability had a  higher likelihood of harbouring RR/
MDR-TB compared to the employed group (OR = 1.62, 95% CI 
(1.08–2.40), P = 0.017). In rural areas a history of contact with 
bacteriologically confirmed TB patients was also associated 
with RR/MDR-TB (OR = 1.61, 95% CI (1.04–2.50), P = 0.033).

By multivariate analysis (Table  3) the variables found to be 
independently associated with RR/MDR-TB in both urban 
and rural areas were: age, HIV status, alcohol abuse and 
geographical zone of residence. By multivariate analysis, neither 
retirement status nor gender was found to be independently 
associated with an increased risk of RR/MDR-TB.
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TABLE 2. RISK FACTORS FOR RR/MDR-TB AMONG NEW PULMONARY TB CASES (UNIVARIATE ANALYSIS) 
IN UKRAINE, 2017

Characteristics Urban (n=6 448) Rural (n=4 536)

RR/MDR-TB 
patients n (%)a

Univariate analysis RR/MDR-TB 
patients n (%)a

Univariate analysis

n = 1872 OR (95%CI) P value n = 947 OR (95%CI) P value

Sex

male 1324 (28.8%) Reference Reference 679 (20.02%) Reference Reference

female 548 (29.6%) 1.04  
(0.92–1.17)

0.520 268 (23.43%) 1.22  
(1.04–1.44)

0.014

Age

<25 years 163 (36.7%) Reference Reference 80 (27.97%) Reference Reference

25–34 years 507 (32.5%) 0.83  
(0.66–1.04)

0.101 242 (25.04) 0.85  
(0.64–1.15)

0.317

35–44 years 607 (30.6%) 0.76  
(0.61–0.94)

0.012 278 (22.35%) 0.74  
(0.55–0.99)

0.043

45–54 years 327 (26.6%) 0.62  
(0.49–0.78)

0.000 183 (18.62%) 0.58  
(0.43–0.79)

0.001

55–64 years 185 (24.3%) 0.55  
(0.42–0.71)

0.000 111 (18.53%) 0.58  
(0.42–0.82)

0.002

≥65 83 (17.7%) 0.37  
(0.27–0.50)

0.000 53 (11.6%) 0.33  
(0.22–0.49)

0.000

HIV statusb

HIV negative 1298 (26.4%) Reference Reference 728 (18.80%) Reference Reference

HIV positive 510 (36.5%) 1.59  
(1.40–1.81)

0.000 159 (30.52%) 1.89  
(1.55–2.32)

0.000

Unemployed of able-bodied age

no/unknown 641 (26.8%) Reference Reference 276 (20.46%) Reference Reference

yes 1231 (30.3%) 1.19  
(1.05–1.33)

0.003 671 (21.05%) 1.03  
(0.88–1.21)

0.652

Prior incarceration

no/unknown 1857 (29%) Reference Reference 939 (20.82%) Reference Reference

yes 15 (33.3%) 1.22  
(0.66–2.28)

0.524 8 (30.77%) 1.69  
(0.73–3.89)

0.218

Alcohol abuse

no/unknown 1636 (30%) Reference Reference 747 (22.10%) Reference Reference

yes 236 (22.8%) 0.68  
(0.58–0.79)

0.000 200 (17.30%) 0.74  
(0.62–0.88)

0.001

Homeless person

no/unknown 1785 (29%) Reference Reference 923 (20.72%) Reference Reference

yes 87 (28.9%) 0.99  
(0.77–1.28)

0.960 24 (29.27%) 1.58  
(0.98–2.57)

0.061
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TABLE 2. (CONTINUED)

Characteristics Urban (n=6 448) Rural (n=4 536)

RR/MDR-TB 
patients n (%)a

Univariate analysis RR/MDR-TB 
patients n (%)a

Univariate analysis

n = 1872 OR (95%CI) P value n = 947 OR (95%CI) P value

Presence of cavities in lungsc

no 843 (29.3%) Reference Reference 361 (19.75%) Reference Reference

yes 1024 (28.8%) 0.98  
(0.88–1.09)

0.696 585 (21.72%) 1.13  
(0.97–1.31)

0.109

Smoking status

no/unknown 1499 (30%) Reference Reference 726 (78.3%) Reference Reference

yes 373 (26%) 0.82  
(0.72–0.94)

0.003 221(18.51%) 0.82  
(0.69–0.97)

0.023

TB contact

no/unknown 1852 (29.1%) Reference Reference 918 (20.7%) Reference Reference

yes 20 (23%) 0.73  
(0.44–1.20)

0.213 29 (29.6%) 1.61 
(1.04–2.50)

0.033

Employment status

employed 315 (29.3%) Reference Reference 91 (21.7%) Reference Reference

unemployed of able-bodied age 1169 (31%) 1.09  
(0.93–1.26)

0.267 634 (21.1%) 0.96  
(0.74–1.23)

0.735

unemployed because of disability 64 (25.9%) 0.85  
(0.62–1.16)

0.296 54 (31%) 1.62  
(1.08–2.40)

0.017

student 31 (36.5%) 1.39  
(0.88–2.20)

0.162 9 (29%) 1.47 
(0.65–3.30)

0.351

homeworker 15 (27.8%) 0.93  
(0.51–1.71)

0.817 9 (25%) 1.2  
(0.54–2.63)

0.654

retired 139 (19.4%) 0.58  
(0.46–0.73)

0.000 90 (13.7%) 0.57  
(0.41–0.79)

0.001

other 38 (30.2%) 1.05  
(0.70–1.56)

0.832 25 (28.41%) 1.43  
(0.85–2.39)

0.180

unknown 101 (27.2%) 0.90  
(0.69–1.17)

0.441 35 (29.41%) 1.49  
(0.95–2.37)

0.084

Geographical zoned

western Ukraine 228 (19.5%) Reference Reference 227 (14.65%) Reference Reference

central Ukraine 569 (26.5%) 1.49  
(1.25–1.77)

0.000 337 (21.10%) 1.55  
(1.29–1.88)

0.000

south-eastern Ukraine 1075 (34.4%) 2.17  
(1.84–2.55)

0.000 383 (27.57%) 2.22  
(1.84–2.67)

0.000

Abbreviations: n = number; OR = odds ratio; RR/MDR-TB = tuberculosis with resistance to at least rifampicin; TB = tuberculosis
aPercentages refer to the proportion of RR/MDR-TB patients among all new pulmonary TB patients.
bData on HIV status were missing in 276 records.
cData on the presence of cavities in the lungs were missing in 33 records.
dWestern Ukraine: Chernivtsi, Ivano-Frankivs’k, Khmelnytsky, L’viv, Rivne, Ternopil, Volyn and Zakarpattya oblasts; central Ukraine: Cherkasy, Chernihiv, Kyiv, Kyiv 
(city), Kirovohrad, Poltava, Sumy, Vinnytsya and Zhytomyr oblasts; south-eastern Ukraine: Dnipropetrovs’k, Donets’k, Kharkiv, Kherson, Luhans’k, Mykolayiv, 
Odesa and Zaporizhzhya oblasts.
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TABLE 3. RISK FACTORS FOR RR/MDR-TB AMONG NEW PULMONARY TB CASES (MULTIVARIATE ANALYSIS) 
IN UKRAINE, 2017

Characteristics Urban (n=6448) Rural (n=4536)

aOR (95%CI) LRT* P value aOR (95%CI) LRT P value

Age

every 10 year decrease 0.86 (0.82–0.90) 0.000 0.87 (0.81–0.94) 0.000

HIV status

HIV negative Reference 0.000 Reference 0.000

HIV positive 1.42 (1.25 – 1.61) 1.52 (1.23–1.88)

Alcohol abuse

no/ unknown Reference 0.000 Reference 0.003

yes 0.73 (0.62–0.86) 0.76 (0.64–0.92)

Employment status

employed Reference 0.024

unemployed of able-bodied age 0.98 (0.75–1.27)

unemployed because of disability 1.91 (1.25–2.90)

student 1.08 (0.45–2.57)

homeworker 1.01 (0.45–2.27)

retired 0.94 (0.64–1.38)

other 1.28 (0.73–2.23)

unknown 1.40 (0.87–2.26)

Geographical zone

western Ukraine Reference 0.000 Reference 0.000

central Ukraine 1.52 (1.27–1.83) 1.69 (1.38–2.06)

south-eastern Ukraine 2.17 (1.83–2.58) 2.26 (1.85–2.75)

Abbreviations: n = number; aOR = adjusted odds ratio; LRT = likelihood-ratio test; RR/MDR-TB = tuberculosis with resistance to at least rifampicin; 
TB = tuberculosis

With every 10-year increment in age, the chances of 
harbouring RR/MDR-TB in rural and urban areas declined by 
an average of 13.0% and 14.0% respectively. Patients with HIV 
had a much higher chance of harbouring RR/MDR-TB in both 
rural (adjusted odds ratio (aOR) = 1.52, 95% CI (1.23–1.88), 
P = 0.000) and urban (aOR = 1.42, 95% CI (1.25–1.61), P = 0.000) 
areas. Regarding the geographical zones, populations residing 
in central and south-eastern Ukraine had an increased 
chance of RR/MDR-TB compared with those in western 
Ukraine (aOR = 1.52, 95% CI (1.27–1.83) and aOR = 2.17, 95% 
CI (1.83–2.58), P  = 0.000 in urban areas; aOR = 1.69, 95% CI 

(1.38–2.06) and aOR = 2.26, 95% CI (1.85–2.75), P  = 0.000 in 
rural areas). Alcohol abuse was negatively associated with RR/
MDR-TB in both urban and rural patients (aOR = 0.73, 95% 
CI (0.62–0.86), P = 0.000 and aOR = 0.76, 95% CI (0.64–0.92), 
P = 0.003). In addition, in rural areas employment status was 
associated with RR/MDR-TB: unemployed patients with 
a disability had much higher odds of harbouring RR/MDR-TB 
(aOR = 1.91, 95% CI (1.25–2,90), P = 0.024).

There was no difference in the overall prevalence of RR/
MDR/TB in the 2017 routine surveillance data compared to 
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that recorded in the nationwide drug-resistance survey in 
2013–2014 (25.7%, 95% CI (24.8–26.5) versus 24.7%, 95% CI 
(22.3–27.3), P = 0.481). However, the data from 2013–2014 did 
not indicate increased RR/MDR-TB prevalence in central 
regions of Ukraine (OR = 1.3, 95% CI(0.84–2.16)), while this 
research proved such relation (OR = 1.52, 95% CI(1.27–1.83) 
for urban areas and OR = 1.69, 95% CI(1.38–2.06) for rural 
areas, P  = 0.000), despite the same reference area (western 
region). Furthermore the 2013–2014 data did not indicate any 
association between RR/MDR-TB and alcohol abuse (OR = 0.9, 
95% CI(0.6–1.2), P = 0.422) as observed here.

DISCUSSION
We identified that the independent risk factors of RR/MDR-
TB by adjusted analysis among new pulmonary TB cases were: 
age, HIV status and geographical zone within Ukraine, both in 
urban and rural areas analysed separately. These findings are 
consistent with those in the study described above based on the 
drug-resistance survey. The overall prevalence of RR/MDR-TB 
among new pulmonary TB cases in Ukraine between 2014 and 
2017 was also consistent. While a third time-point is required to 
precisely determine RR/MDR-TB prevalence trends in Ukraine, 
our results, given the narrow confidence intervals and thereby 
the high precision of our data, serve as a good baseline indicator 
to monitor temporal trends of RR/MDR-TB both at national and 
regional level, and allow for the timely identification of areas 
with any substantial increase in drug resistant TB. Despite this 
need for further monitoring, it can perhaps be noted that efforts 
appear to have at least been successful in halting the increase in 
the prevalence of drug resistant TB and we remain optimistic 
that continuing efforts will begin to reverse the trend.

The somewhat striking observation of decreased RR/MDR-
TB with increasing age, both in our study and that carried 
out in 2014 has also been noted previously in several eastern 
European countries, including Uzbekistan, Republic of the 
Republic of Moldova, Belarus and Georgia (4). The lower risk 
of RR/MDR-TB among older patients can be explained by the 
nature of the TB infection. TB disease in elderly patients is 
often the result of the re-activation of dormant bacilli, while 
among younger patients it is as a result of a recent infection. 
Therefore, the difference in RR/MDR-TB prevalence among 
new patients across different age groups reflects the temporal 
trend in the increase of proportions of rifampicin-resistant 
strains circulating among the population in Ukraine.

There were some results from our current study that were not 
consistent with the 2014 study. First, although geographical 

zone was a  risk factor in both studies, we observed an 
increase in RR/MDR-TB prevalence in the central regions 
of Ukraine, not previously seen, despite the consistent use 
of the western region as the reference area. Additionally, the 
positive association between alcohol abuse and RR/MDR-TB 
observed in our study was not seen in 2014. Other studies have 
also been inconsistent in this regard, with both positive (7–10), 
negative  (11–12) and no association (13) found between RR/
MDR-TB and alcohol abuse. One study by Suárez-García et 
al., where a negative association was observed, suggested that 
people who abuse alcohol are more likely to be more closely 
supervised while on treatment or to stop all TB drugs at once 
rather than taking them incorrectly or taking only some 
of them, and this would not lead to the development of RR/
MDR-TB (11). However, in Ukraine people, who abuse alcohol 
usually have poor adherence to treatment (4) and are likely to 
be lost to follow-up before the RR/MDR-TB has developed, 
spreading rifampicin-sensitive TB in their own peer group; 
this is an issue that should be explored in further studies.

Our findings also suggest that, in rural areas, unemployed 
patients with a disability have higher odds of harbouring RR/
MDR-TB than those in employment, but this finding may 
simply be due to a  limited number of observations: only 54 
unemployed patients with a disability and RR/MDR-TB were 
included in the study in total.

Our data for this study was derived from a routine surveillance 
system as opposed to a  periodic survey, which means that 
results are likely to be much more representative. In Ukraine 
the TB routine surveillance system is now highly valid and 
accurate, characterized by a  full classification of patients by 
treatment history, a high level of bacteriological confirmation 
of pulmonary TB cases and quality universal DST coverage 
in line with national guidelines. In 2017, out of the 34 DST 
laboratories in the country, 33 demonstrated proficiency 
by panel testing for the first-line phenotypic DST and all 33 
GeneXpert sites were covered by a  comprehensive external 
quality assurance system (14). There are, however, some 
improvements to be made to the system, notably the recording 
of many of the variables in the national database relating to risk 
factors is not compulsory. Each specific risk factor is recorded 
by a  checkbox, and if it is unchecked, it is not possible to 
differentiate between a negative or an absent result. This might 
lead to decline of power of analysis of risk factors. Despite this 
limitation with the system, the proportions of patients with 
the different risk factors were comparable to those recorded 
in the 2014 drug-resistance survey data. The only exception to 
this was related to smoking status. In 2014 the proportion of 
smokers among all pulmonary TB patients was 81.3%, while 
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in the 2017 population only 23.9% were identified as smokers. 
This discrepancy can be explained by the fact that the 2014 
survey also recorded those with a history of smoking, while the 
routine surveillance only records the current smoking status. 
Nonetheless, the prevalence of smokers in the Ukrainian 
general population in 2017 was 22.8% (15), which leads us to 
assume that the prevalence of smoking in our study population 
is underestimated, as we would expect to see a much higher 
prevalence of smokers in TB patients compared to the general 
population (16–18).

In addition to this potential bias introduced in our risk factor 
data, it is also worth noting that further bias in the study could 
stem from the missing DST data in 14% of bacteriologically 
confirmed pulmonary TB cases. The highest proportion of 
missing data was 17.6% in the Odesa Oblast and the lowest 
was 1.1% in Kyiv Oblast. The extent of data bias caused by the 
missing data and how it affected our overall results is unclear, 
but given that our level is well within the benchmark set in 
WHO guidelines of having rifampicin susceptibility testing 
documented for at least 75% of new pulmonary TB cases (19) 
and that missing data was due to limitations relating to data 
input, we assume the effect is minimal.

Our research has several practical implications. First, the 
research identified the oblasts in which the spread of RR/
MDR-TB should be monitored and controlled more closely. We 
observed a high variation in RR/MDR-TB prevalence between 
oblasts ranging from 13.0% in the Ivano-Frankivs’k oblast up 
to 40.0% in the Mykolaiv Oblast. We recommend that the urban 
areas of the Dnipropetrovs’k, Donets’k, Kharkiv, Kherson, 
Kirovohrad, Kyiv, Mykolayiv, Odesa and Zaporizhhya oblasts 
are made a  priority as well as the Donets’k, Mykolayiv and 
Zaporizhhya oblasts for rural areas. These are the oblasts 
where the RR/MDR-TB prevalence is over 30%. Second, our 
research provides a baseline for further monitoring of the RR/
MDR-TB spread in Ukraine with the use of national routine 
surveillance data. The third implication, as already mentioned 
above, is related to the registration of risk factors. Our research 
has indicated that the recording of risk factors is done without 
strict and clear guidelines, largely dependent on individual 
interpretation by each medical worker and is therefore 
inconsistent across the country (Annex 1). Additionally, the 
risk factors fields in the database are not obligatory, which 
creates difficulties in data interpretation as discussed above. 
The system therefore requires updating to increase the quality 
and consistency of data, with the ability for medical workers 
to record negative and unknown data in separate fields. Clear 
guidelines should be developed, allowing doctors to check 

the definition and criteria for each risk factor to make the 
registration of risk factors consistent across the country.

CONCLUSIONS
This was the first attempt at an in-depth analysis of RR/MDR-
TB prevalence based on routine drug-resistance surveillance 
in Ukraine. Overall, patients from urban area across all three 
zones had around a 37% higher chance of developing RR/MDR-
TB than those in rural areas, with the younger population in 
central and south-eastern Ukraine and patients with positive 
HIV status at greatest risk. The identification of specific oblasts 
with a prevalence of RR/MDR-TB greater than 30.0% allows 
programmatic interventions to be suitably directed both 
in urban and rural areas. The study serves as an important 
baseline for further TB drug-resistance studies in Ukraine, 
allowing the effectiveness of interventions undertaken to 
reduce the incidence of RR/MDR-TB to be monitored.
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ANNEX 1: SOURCES OF INFORMATION USED FOR THE 
REGISTRATION OF RISK FACTORS AND OUTCOMES IN E-TB 
MANAGER, UKRAINE, 2017

Nº Risk Factor / Outcome Source of Information

1 Sex Patient’s identification document

2 Age Patient’s identification document

3 HIV status Medical document confirming HIV-positive status (except from patient’s paper-based medical history form or record 
issued by infectious disease physician confirming results of HIV testing)

4 Social status Self-declaration within a non-structured interview with a doctor

5 Unemployed of able-bodied 
age

Self-declaration within a non-structured interview with a doctor

6 Prior incarceration Self-declaration within a non-structured interview with a doctor

7 Alcohol abuse Self-declaration within a non-structured interview with a doctor or record issued by a specialist in drug and alcohol 
abuse

8 Homelessness Self-declaration within a non-structured interview with a doctor

9 Presence of cavities in 
lungs

Chest X-ray examination

10 TB contact Self-declaration within a non-structured interview with a doctor or doctor’s conclusion based on the location of 
a patient’s residence (same apartment/house as other patients)

11 Geographical zone Oblast of TB case registration

western Ukraine: Chernivtsi, Ivano-Frankivs’k, Khmelnytsky, L’viv, Rivne, Ternopil, Volyn and Zakarpattya oblasts

central Ukraine: Cherkasy, Chernihiv, Kyiv, Kirovohrad, Poltava, Sumy, Vinnytsya, Zhytomyr oblasts and Kyiv city

south-eastern Ukraine: Dnipropetrovs’k, Donets’k, Kharkiv, Kherson, Luhans’k, Mykolayiv, Odesa and Zaporizhzhya 
oblasts

12 Sensitivity to rifampicin GeneXpert test result or result of conventional DST
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