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Background: In most developing countries, including in Ethiopia, the magnitude and risk
factors of drug-resistant tuberculosis (DR-TB) are expected to be high. However, this is not well
reported because of lack of laboratory facilities, poor surveillance system and limited reporting.
The aim of this study was to determine the risk factors of DR-TB among TB patients in southern
Ethiopia.

Patients and Methods: Facility-based case—control study was conducted from
November 2016 to January 2017 in Sidama Zone and Gurage Zone of the southern
Ethiopia region. DR-TB cases were confirmed by drug-susceptibility testing who were on
treatment for DR-TB at Yirgalem and Butajira Hospitals. Controls were smear-positive
pulmonary tuberculosis (TB) patients who were taking first-line anti-TB medications and
sputum smear-negative at the 5 month of commencing TB treatment. Data were entered and
cleaned using EPI-Info version 7 software and analyzed using SPSS version 22 statistical
software.

Results: A total of 84 cases and 243 controls participated in the study. About 59% (49 cases)
and 55% (132 controls) were male. The median (interquartile range) age was 28 (21-37)
years for cases and 27 (25-33) years for controls. Living in a one-roomed house (adjusted
odds ratio [AOR]: 6.8, 95% CI: 1.8-25.8), history of contact with DR-TB cases (AOR: 6.8,
95% CI: 1.8-25.3), treatment failure TB cases (AOR: 4.2, 95% CI: 1.1-15.5) and relapsed
TB cases (AOR: 4.8, 95% CI: 1.3—18.1) were independent factors associated with DR-TB.
Conclusion: Providing standardized first-line regimen for new case and retreatment TB
cases and practicing basic TB-infection control measures could help to minimize the spread
of DR-TB.
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Background
There is high burden of tuberculosis (TB) in the Sub-Sahara Africa region, which
could be related to poverty and the high prevalence of HIV/AIDS.' Improper
management and handling of these TB cases could increase the risk of developing
drug-resistant tuberculosis (DR-TB). Only one in three people with DR-TB access
TB care in Ethiopia.! However, reports on the risk factors of DR-TB are limited due
to a weak surveillance system, limited reporting and the existence of poor labora-
tory facilities in the southern Ethiopia region.” Therefore, identifying factors that
increase the risk of developing DR-TB and appropriate intervention are important
issues to minimize the burden of DR-TB.

Ethiopia is one of the 30 MDR-TB high-burden countries, with an estimated
prevalence rate of 1.4/100,000." Nationally a total of 1600 MDR-TB cases were
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reported in 2018." A report from eastern Ethiopia showed
that resistance to one or more of the first-line anti-TB drugs
was 23%.” In northwest Ethiopia, the prevalence of MDR-
TB was 5.6%.* Hordofa and Adela in their study in South
Ethiopia showed a prevalence of 3.4% for Rifampicin mono-
resistance TB.”

Factors determining DR-TB include history of treatment

failure, relapse and defaulting treatments® >

interruption of
first-line anti-TB treatment,° previous exposure to TB
treatment’ and HIV.® Other studies reported age,® gender,* !
place of residence'* and occupation'® as important risk factors
for MDR-TB. Smoking,'*'? alcohol drinking,*'®'” history of
imprisonment'® and close contact with known MDR-TB
cases'*2” were also reported as determinant factors of DR-
TB. In Pakistan, educational level predicted DR-TB.'*!” In
Addis Ababa, Ethiopia, households with less than two rooms
increased the risk of developing DR-TB by two times.°

In developing countries like Ethiopia, the magnitude
and risk factors of DR-TB are expected to be high.>*'
However, this is not well reported because of a poor
surveillance system and limited diagnostic facilities. To
the best of our knowledge, studies on factors determining
DR-TB in the southern Ethiopia region are not found.
Therefore, in this study, we aimed to identify factors
associated with DR-TB among TB patients in the southern

Ethiopia region.

Patients and Methods
Study Area

The study was carried out in Sidama Zone and Gurage Zone
in the southern Ethiopia region. Sidama Zone is administra-
tively divided into 19 districts and 4 urban administrations.
Based on the Central Statics Agency (CSA) report, the zone
had a projected population of 3,668,304 in 2017.%* Gurage
Zone is located in the northern part of South Ethiopia region
which is bordered in southeast by Hadiya Zone, Yem district
and Silte Zone and in the north and west by Oromia region.
The zone had a projected population of 1,575,000 in 2017.%
The MDR-TB treatment was rendered at Yirgalem Hospital
which is found in Sidama Zone and Butajira Hospital located
at Gurage Zone.

Yirgalem town is located at 317 km to the South of Addis
Ababa. Yirgalem Hospital was one of the six DR-TB treat-
ment centers in the southern Ethiopia region. The hospital
has been providing health care for about 4 million people in
Sidama Zone of the southern Ethiopia region and peoples
coming from the neighboring areas. Butajira Hospital is

located in Meskan district of Gurage Zone. It is located at
130 Km to the south of Addis Ababa and has been giving
health service for about 3 million people. The hospital func-
tions as a treatment center for DR-TB cases for patients
coming from Gurage Zone.

Study Design and Population

We conducted a facility-based case-control study from
November 2016, to February 2017. Cases were DR-TB
patients who were on treatment at Yirgalem and Butajira
Hospitals MDR-TB treatment centers. Controls were
smear-positive TB cases who were on first-line anti-TB
treatment in the near-by health centers and whose sputum
test results were smear-negative in the 5™ month of initia-
tion of treatment. They were selected from health centers
from which most of the DR-TB cases were referred to the
MDR-TB treatment centers which we used in this study.
MDR-TB cases whose age was below 15 years and trans-
fer out MDR-TB cases were excluded from the study.
Extrapulmonary TB cases, TB patients below 15 years of
age and smear-negative TB patients were excluded from
the control group.

Sampling

In the southern Ethiopia region six Hospitals; namely
Yirgalem, Butajira, Jinka, Hossan, Arbaminch and Mizan
hospitals were providing MDR-TB care (diagnosis and
treatment). Based on the available fund and accessibility
to conduct the study, we selected Yirgalem and Butajira
hospitals MDR-TB treatment centers to select the cases.
All DR-TB cases, who were receiving second-line TB
treatment in these treatment centers and who fulfilled
inclusion criteria were selected.

Controls were recruited from six health centers located
at the nearby MDR-TB treatment centers. Four health
centers from Sidama Zone, namely Aleta Chuko Health
Center, Dulecha Health Center, Yirba Health Center, Aleta
Wondo Health Center, and two health centers from Gurage
Zone (Butajira Health Center and Inseno Health Center)
were purposively selected. Most of the MDR-TB cases
received their first-line TB treatment in these health cen-
ters. The TB patients were selected based on the load of
TB cases in the facilities. Consecutive smear-positive TB
cases, who were on directly observed treatment short
course (DOTs) for at least 5 months and were smear-
negative at the end of 5™ month were recruited. For each
DR-TB case, we selected three controls.
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Data Collection Tools and Procedures
Data were collected by interviewer administered, pretested
and structured questionnaire. Questionnaire was initially pre-
pared in English and then translated into Amharic language.
The latter version was translated back to English to check the
consistency in meaning. Eight diploma nurses, working in
the selected health facilities collected the data. Two nurses
with a B.Sc. degree supervised the data collection. The
principal investigator trained both the data collectors and
the supervisors. DR-TB was the outcome measure evaluated
in the study. It is a type of infection by mycobacterium
tuberculosis which is resistant to one or more of the first-
line anti-TB drugs. Some of the explanatory variables mea-
sured in the study were age, sex, educational status, address
of the TB patient, HIV status, history of previous TB treat-
ment, alcohol consumption, smoking, history of previous TB
treatment outcome, history of contact with DR-TB patients
and number of rooms in the house.

Data Quality Assurance

To ensure the quality of data, training was given for the
data collectors and the supervisors. Information on the
objective and relevance of the study was given for all
study participants. We pre-tested the data collection tool.
The whole data collection process was supervised by the
supervisors and the principal investigator. Daily feedback
on the quality of data was offered to the interviewers.

Data Management and Analysis

A unique code was assigned to each of the completed
questionnaire. Data were checked for completeness and
consistency and any incomplete information was checked
and corrected. Data entry was done using EPi-info version
7 software, then exported to SPSS. Continuous variables
were categorized into reasonable groups. Age was categor-
ized into two by considering the median age. Number of
rooms in the house was categorized into one-roomed
house and houses with at least two rooms.

The data were analyzed using SPSS version 22 statistical
software. Frequency distribution and percentage were used to
describe the socio-demographic characteristics, personal
behavior and other characteristics of the TB patients.
Logistic regression analysis was done to determine the asso-
ciation between DR-TB and selected
Statistical significance was evaluated at P-value of 0.05.

characteristics.

Variables with P-value less than 0.25 in the bivariate analysis
were included in the multivariate regression analysis. Crude

Odds Ratios and Adjusted Odds Ratios with the correspond-
ing 95% confidence interval were reported.

Ethics Statement and Consent to

Participate

We first submitted the research proposal to the Institutional
Review Board (IRB) office of Hawassa University College
of Medicine and Health Sciences and received ethical clear-
ance. Permission letter was obtained from the Southern
Nations and Nationalities Regional (SNNPR) Health
Bureau, Sidama Zone Health Department and Gurage
Zones Health Department. The purposes and the importance
of the study were explained to the study participants. Verbal
consent was obtained from all study subjects or their guar-
dian (for participants below 18 years of age). Study partici-
pants were informed that they have full right not to
participate in the study and their clinical services will not
be affected due to refusing to be part of the study. To insure
confidentiality, the questionnaire was kept anonymous. The
IRB office in Hawassa University College of Medicine and
Health Sciences approved the consent process.

Results
Socio-Demographic Characteristics of

the Patient

In this study, we analyzed data for a total of 84 cases and 243
controls. Male constituted 49 (58.3%) of cases and 132
(54.3%) of controls. The median (IQR) age for cases and
controls were 28 (21-37) and 27 (25-33) years, respectively.
Concerning educational status, 36 (42.9%) of cases and 37
(15.3%) of controls were illiterate. Socio-demographic char-
acteristics of the study participants are described in Table 1.

Behavioral and Clinical Characteristics of

Cases and Controls
Twelve (14.4%) of the cases and 15 (6.2%) of the controls
had history of contact to DR-TB cases. A few proportion
of cases; 4 (4.8%) and 15 (6.2%) of controls smoked
cigarettes. Concerning drinking alcohol, 12 (14.3%) of
cases and 24 (9.9%) of controls had history of drinking
alcohol. Majority of the cases 76 (90.5%) and controls 228
(93.8%) were seronegative for HIV (Table 2). For more
than half, 49 (58.3%) of the cases and 217 (89.3%) of
controls, their house had a minimum of two rooms.
Majority of cases, 77 (91.7%), had previous history of
taking first-line anti-TB treatment. Among the controls,
only 35 (14.4%) had previous history of taking first-line
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Table 1 Socio-Demographic Characteristics of the Study Table 2 Behavioral and Clinical Characteristic of Cases and
Participants, Southern Ethiopia, February 2017 Controls in Southern Ethiopia, February 2017
Variable Cases Control Variable Cases Control
Number | Percent | Number | Percent Number | Percent | Number | Percent
Sex Male 49 583 132 54.3 Smoking Yes 4 48 15 6.2
Female 35 417 i 457 No 80 95.2 228 938
Age group 15-27 4] 488 122 50.2 Drinking alcohol Yes 12 14.3 24 9.9
>28 43 512 121 498 No 72 85.7 219 90.1
Occupation Employed | 28 333 86 354 Khat chewing Yes 9 10.7 32 13.2
Farmer | 39 46.4 80 329 No 75 89.3 21 868
Student 10 1. 58 239 HIV test Positive 6 7.1 " 45
Others | 7 83 19 78 Negatve | 76 905 228 93.8
Education llliterate 36 429 37 153 History of Yes 12 143 15 62
Literate 48 57.1 205 84.7 contact to DR-
] ] B
Marital status Married 46 54.8 169 69.5 No 7 85.7 278 938
Single 38 45.2 74 30.5
Previous TB Yes 77 91.7 35 14.4
Address Rural 60 714 171 70.4 treatment
Urban 24 286 72 29.6 No 7 83 208 56
Monthly <500 42 50.0 120 49.8 Previous TB Treatment | 17 22.1 12 343
income treatment complete
=500 4?2 50.0 122 50.2 outcome Treatment 26 338 1 314
failure
Relapsed 25 325 8 229
. . . . Defaulter 9 1.7 4 11.4
anti-TB treatment. Among cases with history of taking

first-line anti-TB treatment, 26 (33.8%) had treatment fail-
ure TB treatment outcome. Similar figure among the con-
trol group was 11 (31.4%) (Table 2).

Risk Factors of DR-TB

Table 3 shows the results of univariate and multivariate
analysis for risk factors of DR-TB. In a univariate analy-
sis, variables like educational status, contact with DR-TB
case and number of rooms in the household were asso-
ciated with DR-TB. However, in the multivariate analysis
history of contact with DR-TB case, having number of
rooms less than two and previous TB treatment outcome
showed statistically significant association with DR-TB.
Contact with DR-TB cases (AOR 6.8; 95% CI 1.8-25.3),
having number of rooms less than two (AOR 6.8; 95% CI
1.8-25.8), patients with TB treatment failure treatment
outcome (AOR 4.2; 95% CI 1.1-15.5) and relapsed TB
cases (AOR 4.8; 95% CI 1.3-18.1) predicted DR-TB.

Discussion

In this study, most of the DR-TB cases had previous
history of TB treatment. Contact with DR-TB patient,
living in a one-roomed house, having history of TB relapse

Abbreviations: DR-TB, drug-resistant tuberculosis; TB, tuberculosis.

and TB treatment failure were significantly associated with
development of DR-TB.

In the current study, majority of the DR-TB cases
(91.7%) than controls (14.4%) had previous history of
TB treatment. Developing DR-TB is dependent on the
type of treatment outcome of TB patients during their
previous DOTs. Our data showed that, among the DR-
TB cases with previous history of DOTs, about 78% had
poor treatment outcome. Poor TB treatment outcomes like
being treatment failure TB case and defaulting treatment
highly contribute to the development of DR-TB.**

Having previous history of treatment failure predicted
development of DR-TB in Addis Ababa, Ethiopia.*>**
According to the report by Gebremichael et al, treatment
failure TB cases had an increased the risk of developing
DR-TB.?> Other studies from Sudan and China also
reported similar findings.'®''° In consistency with these
reports, in the current study also, we found that patients
with history of treatment failure had increased risk of
developing DR-TB. Faulty treatment regimen, not com-
pleting treatment regimen or non-adherence to TB treat-
ment by first-line anti-TB drugs might contribute to an
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Table 3 Risk Factors of Drug-Resistant Tuberculosis in Southern Ethiopia, February 2017

Variables Case Controls COR (95% CI) AOR (95% CI) P value

Occupation Employed 28 86
Farmer 39 80 0.5 (0.2-1.2) 2.5 (0.8-8.3) 0.13
Student 10 58 1.5 (0.8-2.7) 0.6 (0.1-3.3) 0.55
Other 7 19 1.1 (0.4-3.0) 0.3 (0.1-1.4) 0.12

Educational status llliterate 36 37 42 (24-7.3) 2.2 (0.7-6.7) 0.16
Literate 48 205

Contact with DR-TB Yes 12 15 2.5 (1.1-5.7) 6.8 (1.8-25.3) < 0.0l
No 72 228

Number of rooms in the house | 35 26 6.0 (3.3-10.8) 6.8 (1.8-25.8) < 0.0l
2 49 217

History of imprisonment Yes 5 5 3.0 (0.9-10.7) 2.3 (0.2-27.1) 0.52
No 79 238

Previous TB treatment outcome Treatment complete 17 12
Treatment failure 26 I 1.7 (0.6-4.6) 4.2 (1.1-15.5) 0.03
Relapse 25 8 2.2 (0.7-6.5) 4.8 (1.3-18.1) 0.02
Defaulter 9 4 I. 6 (0.4-6.4) 3.0 (0.5-17.3) 0.22

Abbreviations: DR-TB, drug-resistant tuberculosis; TB, tuberculosis; COR, crude odds ratio; AOR, adjusted odds ratio; Cl, confidence interval.

increased risk of developing DR-TB among treatment fail-
ure TB cases. Providing health education to TB cases and
their families on proper follow-up and completion of TB
treatment may help to lower the risk.

According to this study, TB patients with previous
history of relapse after the first course of anti-TB treatment
had an increased risk of developing DR-TB. Studies from
Addis Ababa and Jimma,
results.**?” This may be related to an inappropriate com-

Ethiopia showed similar

bination of medications for the specific treatment regimen
and re-infection. Thus, strictly applying the WHO recom-
mended treatment regimens for the specific treatment cate-
gory and applying the TB infection control measures may
reduce the risk of DR-TB.

The finding in the current study showed that close
contact with DR-TB patients increased the risk of being
infected with drug-resistant mycobacterium tuberculosis,
which in turn may lead to the development of DR-TB.
This result is consistent with study reports from Addis
Ababa, Oromia and Amhara regions in Ethiopia.®'®** In
other settings also close contact with known DR-TB cases
was among the determinant factors of DR-TB.?*?® As
contact with the DR-TB cases increases like in cohabiting
in the same household, the risk of transmission of DR-TB
increases. This in turn leads to development of DR-TB.
Therefore, we advise providing health education to the TB
patients and their family members on TB infection control

measures which is important to control the spread of DR-
TB in the household. Besides this, timely identification
and treatment of DR-TB cases could reduce the spread
of infection by reducing the duration of infectiousness of
the TB cases.

Illiteracy may cause TB patients to have low knowledge
on TB and delayed health-seeking behavior when the disease
occurs. It may also lead to misuse of the medications and
make patients not to adhere to the TB treatment. Certain
study in Addis Ababa reported that being illiterate was one
of the predictors of acquiring DR-TB.?® Though the data in
the current study showed an association between DR-TB and
educational status in a crude analysis, it did not maintain the
association in the adjusted analysis. The absence of associa-
tion between DR-TB and educational status in the current
study could be related to the low number of study participants
involved in the study. We suggest future studies addressing
this issue to use larger sample size.

In this study, consistent with reports from Addis Ababa,
Ethiopia,®** living in a one-roomed house predicted devel-
opment of DR-TB. The concentration of mycobacterium in
the air is determined by the space available in the room and
the presence of adequate ventilation in the house. One-
roomed houses, especially in rural settings of southern
Ethiopia (similar to the residence for about 70% of our
study participants) are mostly huts; which have no windows,
where cattle and people live together in the same house. This
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leads to overcrowded living condition and lack of adequate
ventilation in the house. This increases the transmission of
mycobacterium tuberculosis causing DR-TB.

According to the current study, HIV status of the TB
patients did not show a significant association with devel-
oping DR-TB. The finding in the current study is consis-
tent with the report of a case-control study conducted in
Addis Ababa, Ethiopia® and the report by a systematic
review.”” Another study from Addis Ababa showed asso-
ciation but had a weaker statistical significance.”*

Having a small sample size may be considered as one of
the limitations of the study. The wide confidence interval for
variables which showed association and lack of association
for some variables may show this limitation. The precise
estimate may require a larger sample size, which demands
more resources. The second limitation of our study is the
selection of smear-negative TB patients in the fifth month of
initiating treatment. This might have introduced bias in the
selection of controls as it may not be a sensitive method of
detecting DR-TB cases. Involving TB patients as controls
after they have finished their DOTS (completed seventh
month) would have been better than the duration we consid-
ered. Moreover, utilizing molecular techniques like Gene
Xpert could provide accurate information if the TB patients
had been infected with rifampicin-resistant strains.

Conclusion

Majority of the DR-TB cases in the current study had previous
history of TB treatment. The study also showed that previous
TB treatment outcomes (TB relapse and TB treatment failure)
had a significant association with DR-TB. History of contact
with DR-TB patients also found to predict development of
DR-TB. Living in a one-roomed house was another predictor
of having DR-TB among our study population.

Providing standardized first-line TB treatment regimen
for new TB cases and retreatment TB cases is helpful to
control the spread of DR-TB. Providing health education
on adherence to DOTs and TB-infection control measures
for TB patients and their families are important. Timely
identification of presumptive DR-TB cases and referral for
diagnosis and treatment are also suggested. We suggest
future studies on the area should use a larger sample size
by including more DR-TB treatment centers in the south-
ern Ethiopia region.

Abbreviations
AOR, adjusted odds ratio; CI, confidence interval; COR,
crude odds ratio; DR-TB, drug-resistant tuberculosis,

DOTs, directly observed treatment short course, TB, tuber-
culosis, SPSS, statistical package for social science.
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