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Background: Tuberculosis (TB) remains a major global health problem causing death
among millions of people each year. The new barrier that challenges the control of tubercu-
losis is the emerging and the increasing number of drug-resistant TB that becomes a world
concern. This study aimed to determine the magnitude of rifampicin-resistant
Mycobacterium tuberculosis (RR-MTB) among presumptive TB patients attending Dilla
University Referral Hospital, Gedeo Zone, Ethiopia.

Methods: A retrospective cross-sectional study was conducted at Dilla University Referral
Hospital from January 2014 to December 2020. Sputum results were done using Xpert MTB/
RIF assay and other necessary data were collected from the registration logbooks using
a standardized data extraction format and analyzed using SPSS version 23 statistical software.
Results: A total of 17,745 presumptive TB patients were included, of which 62.2% were
males. The overall prevalence of Mycobacterium tuberculosis (MTB) was 11.8%, of which
5.1% were confirmed to have RR-MTB. Extra-pulmonary TB was reported in 1.5% of the
study participants. The highest prevalence of MTB and RR-MTB was recorded in 2017 with
a prevalence of 20.1% and 8.5%, respectively. All age groups were significantly associated
with a higher prevalence of MTB (p < 0.036). TB patients with a history of previous treatment
and HIV positive were significantly associated with MTB (P < 0.021), while RR-MTB was
only significantly associated with patients with a history of previous treatment (P < 0.018).
Conclusion: A high magnitude of MTB and RR-MTB was reported among TB patients
with HIV and a history of previous treatment. Therefore, coordinated efforts should be
applied to the improvement of treatment adherence of known TB cases, and appropriate
control and prevention methods to reduce the emergence and increase of MTB and RR-MTB
cases.

Keywords: presumptive TB, MTB, RR-MTB, Xpert MTB/RIF assay, previous treatment,
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Introduction and Background

Tuberculosis is an airborne disease resulting from Mycobacterium tuberculosis
(M. tuberculosis). It typically affects the lungs and can also spread to other organs
causing extra-pulmonary TB.' The World Health Organization (WHO) recently
announced that TB remains a major global health problem causing deaths among
millions of people each year. TB is the ninth leading cause of death worldwide and
the leading cause from a single infectious agent, ranking above HIV. Globally, TB
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kills almost three people every minute.” In 2019, WHO
estimated 9.6 million people developed TB and 1.2 million
died of the disease.” TB mortality and incidence rate are
falling at about 3% and 2% per year worldwide,
respectively.*

The main new barrier that challenges the control of TB is
the high burden of multidrug-resistant TB (MDR-TB). In
2017, WHO estimated 580,000 new cases of RR-MTB
worldwide, making them eligible for MDR-TB treatment.’
Of these, around 475,600 had MDR-TB. In total, 3.5% of
new TB cases and 18% of patients with a history of previous
treatment were found to be MDR-TB.° This makes the MDR
strain become a prime global concern. WHO has been
targeting an end TB strategy based on an assessment of the
TB epidemic and progress in TB diagnosis, treatment, and
prevention efforts. This shift in the approach to TB control,
which includes among its 2030 targets (90% TB case detec-
tion and treatment) including in high-risk populations, and
a cure rate of 90% of detected TB cases.’

The developments of bacterial resistance to specific anti-
biotics are becoming an important consideration for clini-
cians. The emerging and increasing drug-resistant TB has
resulted in a great challenge in the Africa region, sub-
Saharan Africa (SSA) in particular. SSA stands the burden
of both very high TB incidence and prevalence rates in the
world and represents 14% of the global burden of new
MDR-TB cases.® Ethiopia ranks 10th among the high TB-
pandemic countries and 15th among the 27 high-MDR-TB
countries in the world and 3rd in Africa following South
Africa and Nigeria,” with more than 5000 estimated MDR-
TB patients each year.'™'" The prevalence of MDR-TB in
Ethiopia is 7.24%.'? Different studies in Ethiopia reported
that patients with a history of previous treatments were
significantly associated with MDR-MTB infection.'?

The early diagnosis and treatment of TB patients are
mandatory to reduce transmission of the disease. Millions
of people are diagnosed and successfully treated for TB
each year, averting millions of deaths, but there are still
large gaps in detection and treatment. As to our knowledge,
there are no data regarding the prevalence of MTB, RR-
MTB, and associated risk factors in this particular study
area. Therefore, the current study provides updated infor-
mation on the prevalence of MTB, RR-MTB, and asso-
ciated risk factors to decide health priorities, to allocate
resources, and to monitor the emergence of resistance for
planning effective use of anti-TB drugs. It also serves as
preliminary information for health programmers to give
special attention and design a package in the national TB

control program that addresses such areas where thousands
of people live in an overcrowded area. Hence, this study
aimed to assess the magnitude of MTB and RR-MTB
among presumptive TB patients in Gedeo Zone, Southern
Ethiopia.

Methods

Study Design and Study Population

Study Setting

The study was conducted in the Gedeo Zone, which is
located in the southern direction of Ethiopia with a total
estimated population of 1,694,868 according to the 2007
population census conducted by the Central Statistical
Agency of Ethiopia (data are from the Zonal health office).
Gedeo Zone is found at a distance of 85 km from Hawassa
and 365 km from Addis Ababa, the capital city of
Ethiopia. It is located in the kola agro-ecological zone
with an altitude of 1400 km above sea level and annual
temperature ranging from 22 °C to 29 °C.'"*

A retrospective cross-sectional study design was used
seven-year data from January 2014 to
December 2020 at Dilla University Referral Hospital.
The study populations were all pulmonary TB suspected

to collect

patients who visited the selected health institution between
January 2014 and December 2020.

Eligibility Criteria
Inclusion criteria: we included all presumptive pulmonary
TB patients with full information like age, sex, Xpert MTB/
RIF assay results, HIV status, and previous TB treatment
history results recorded on the registration logbook.
Exclusion criteria: study participant data with incom-
plete information like age, gender, Xpert MTB/RIF inva-
lid, indeterminate Xpert MTB/RIF results, HIV status, and
TB treatment history results recorded on the logbook.

Variables
Outcome variable: MTB and RR-MTB.

Independent variables: all included determinants (age,
gender, HIV status, and TB treatment history).

Operational Definitions
New cases: patients who have never been treated for TB
before.

Relapse cases: patients who were declared cured or
treatment completed by a physician but who report back
to the health service and are now found to be sputum
smear or culture positive.
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Lost to follow up: a TB patient who did not start
treatment or whose treatment was interrupted for 2 con-
secutive months or more.

Failure case: a TB patient whose sputum smear or
culture is positive at month 5 or later treatment.

MDR-TB: TB that does not respond to at least isoniazid
and rifampicin, the most important first-line anti-TB drugs.

Rifampicin-resistant TB (RR-TB): resistance to rifam-
picin detected using genotypic or phenotypic methods with
or without resistance to other first-line anti-TB drugs.

Default: patients who were not taking anti-TB drugs
for 2 months or more, consecutively after starting
treatment.

Data Collection and Laboratory

Processing

Sociodemographic characteristics of study participants
(age and sex) and clinical feature-related data (Gene
Xpert MTB/RIF assay results, HIV antibody test results,
and previous TB patient treatment history results) were
collected using a pretested structured data extraction sheet
by a trained laboratory technologist from the TB registra-
tion book at the TB laboratory and TB clinic.

Laboratory Processing

Those patients identified with signs and symptoms of
pulmonary tuberculosis were ordered to bring a single
sputum sample for the diagnosis of TB using the Xpert
MTB/RIF assay (Cepheid, CA, USA). Briefly, 2 mL of
Gene Xpert MTB/RIF sample reagent buffer was added to
1 mL of sputum specimen using a sterile pipette. The
closed specimen container was manually agitated twice
for 15 seconds and allowed to stand at room temperature
for 10 min and again vortexes after 10 min and allowed to
stand for 5 min and then 2 mL of the inactivated material
was transferred to the test cartridge and the cartridge was
then loaded into Gene Xpert device. Finally, the results
were interpreted by the Gene Xpert diagnosis system from
the measured fluorescent signals and displayed automati-
cally after 2 hours. Rapid HIV test was done according to
the national HIV test algorithm.

Data Processing and Analysis

After all demographic data and patients’ history were
collected from the registration book, data entry, data ana-
lysis, and data cleaning were done using Epi-Data 3.1 and
SPSS version 23.0 software. Frequency count and percen-
tage were used to present the findings. Prevalence figures

were calculated for the total study population and sepa-
rately by clinical features of the disease. Association fac-
tors were assessed by bivariate logistic regression and
multivariate logistic regression. Multivariate analysis was
run by selecting those variables that appeared to have
a P-value of <0.25 in the bivariate analysis to control the
confounding effect of different variables. P-value of <0.05
was considered as statistically significant.

Ethical Consideration

The protocol for patient recruitment and participation
in the study followed the principles of the Declaration
of Helsinki and was approved by the Dilla University
Health Research Ethics Review Committee under the
protocol unique number 005/21-01. In the current
study, sociodemographic and clinical data of TB sus-
pected patients were collected retrospectively from
medical records after getting permission to conduct
the study from Dilla University Referral Hospital med-
ical director and respective departments. Informed con-
sent was not applicable for study participants since the
study was retrospective, and we have used the clinical
data obtained from routine medical services. Strict con-
fidentiality was maintained by removing all patient
identifiers and only code numbers were used through-
out the study.

Results
Sociodemographic and Clinical Features

of Study Participants

A total of 17,745 study participants suspected with TB and
who have given sputum samples which had complete data
were included in this study, out of which 62.2% were male
and 37.8% were female with a sex distribution ratio of
1.6:1. The age of the study participants ranged from 1 year
to 95 years with a median age of 37 (interquartile range:
24.7-49.3 years). The majority of study subjects were
between the age group of 30—44 years which accounts
for 30.6%, followed by the 15-29 year age group account-
ing for 24.4%. The majority of the study participants were
new cases by accounting for 87% of the total participants.
Among those participants tested for HIV, 52.4% were
negative while only 2.5% were HIV positive. Out of TB
suspected cases, MTB was isolated from 2090 giving an
overall prevalence of 11.8% while the prevalence of EP-
TB was 1.5%. The prevalence of RR-MTB was 5.1%
(Table 1).
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Table | Sociodemographic, Clinical Characteristics and MTB
results Among TB Suspected Patients in Southern Ethiopia,
2014-2020 (N = 17,745)

Variables Categories Frequency | Percentage (%)
Gender Male 11,029 62.2
Female 6716 37.8
Age <I5 1154 6.5
categories 15-29 4323 244
3044 5429 30.6
45-59 3634 20.5
60-74 2758 15.5
>75 447 2.5
MTB result Detected 2090 11.8
Not detected | 15,655 88.2
Types of TB PTB 2090 11.8
EPTB 268 1.5
History of TB | New case 15,434 87.0
treatment Relapse 674 3.8
Lost to 1306 7.4
follow up
Failure 112 0.6
Transfer 156 0.9
Default 63 0.4
HIV status for | Positive 436 2.5
antibody test Negative 9307 524
Unknown 8002 45.1
RR-MTB RR-MTB 107 5.1
result detected
RR-MTB not 1983 94.9
detected

Prevalence of MTB and RR-MTB by Years
We tried to compare the prevalence of MTB and RR-MTB
by year (as indicated in Figure 1) in which the study partici-
pants were treated. Our study showed that the highest preva-
lence of MTB was recorded in 2017, followed by 2020 and
2018 with the prevalence of 20.1%, 16.2%, and 10.4%,
respectively. The least prevalence of MTB was reported in
2019 with a prevalence of 6.7%. Similarly, the highest pre-
valence of RR-MTB was reported in 2017 with a prevalence
of 8.5% followed by 2019 and 2018 with the prevalence of
8.0% and 7.1%, while the least prevalence was reported in
2016 and 2020 with a prevalence of 2.2% and 2.9% (Figure 1).

Associated Risk Factors of MTB Infections
In the current study, a higher prevalence of MTB was
reported in males (58.6%), but there is no significant

association with MTB (p-value > 0.05). The occurrence of
MTB was significantly associated with different age groups
(p-value < 0.035). The likelihood of having MTB showed
a decreasing trend as the age of study participants increases.
Regarding treatment history, relapsed cases and treatment
failure were significantly associated with the occurrence of
MTB (p-value < 0.001). The likelihood of having MTB
showed 1.71 times higher in HIV positive than in HIV
negative patients (AOR: 1.71; 95% CI: 1.39-2.81, p <
0.001) (Table 2).

Associated Risk Factors of RR-MTB
Among the total MTB confirmed patients, 107 (5.11%) of
them were positive for RR-MTB. In this study, there is no
association between sex and different age groups.
Regarding the treatment history, the likelihood of patients
with relapsed cases (AOR = 2.12; 95% CI 1.55-2.43, p =
0.01), failed cases (AOR = 1.42; 95% CI 1.22-2.79, p =
0.031), and default cases (AOR =1.13; 95% CI 1.11, 1.64,
p-value = 0.023) were more likely to have RR-MTB
compared to the new cases (Table 3).

Discussion
Data on the local epidemiology of MTB and RR-MTB and
associated risk factors were useful for the prevention and
control of MTB, but limited data were available in the study
area. In our study, the overall prevalence of MTB and RR-
MTB was 11.8% and 5.1%, respectively. In the current study,
the prevalence of MTB was in line with previous reports
from Amhara, 11%,"> Addis Ababa, 12.5%,'® South Africa,
13%,'” and Korea, 13.8%.'® However, our finding was lower
than studies conducted in different parts of Ethiopia with
prevalence ranging from 15.11 to 60.4%,''*?* Nigeria,
22.9%,% Congo, 79.1%,%¢ and Togo, 57%.2" In contrast to
our study, however, the studies conducted in Uganda, 5.5%,%8
Addis Ababa, 6%,?’ and Oromia region, 3.8%,>° were lower
than our current study. The difference might be due to varia-
tion in methodological techniques (culture vs Xpert), study
participants, study period, sample size, geography, TB con-
trol, and prevention practices. In our study, there is no sig-
nificant association between males and females. But different
previous studies reported that being male was a risk factor for
MTB and MDR-TB development.*'

In this study, participants of age groups between 15 and
29 years were more infected by MTB compared to other
age groups (AOR = 2.31; 95% CI 2.08-2.51, p < 0.001).
Similarly, different studies reported a higher prevalence of

20,23

MTB in age groups ranging from 16 to 34 years, while
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Figure | The magnitude of MTB and RR-MTB by years in Southern Ethiopia, 2014-2020 (N = 17,745).

other studies conducted in different areas reported no
association between age and TB infection.>* 7 Our study
showed no significant association between gender and TB
patients. However, studies conducted in the Philippines’®
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and North Sudan,*® and elsewhere, '’ reported that females
were less likely to have MTB compared to males. The
explanation for enhanced MTB in males could be probably
due to males are mainly involved in outdoor activities and

Table 2 The Magnitude of MTB in Different Study Participant Categories (Gender, Age, Treatment History, and HIV Status) in
Southern Ethiopia, 2014-2020 (N = 17,745)

MTB Pos N (%) MTB Neg N (%) COR (95% CI) P-value AOR (95% ClI) P-value
Gender
Male 1224 (58.6) 9805 (62.6) Ref Ref
Female 866 (41.4) 5850 (37.4) 0.95 (0.76-1.05) 0.241 0.95 (0.76—1.05) 0.241
Age categories
<I5 132 (6.3) 1022 (6.5) Ref Ref
15-29 605 (28.9) 3718 (23.7) 245 (2.13-2.75) <0.001* 2.31 (2.08-2.51) <0.001*
3044 554 (26.5) 4875 (31.1) 0.25 (0.13-0.55) 0.021* 0.24 (0.12-0.54) 0.021*
45-59 472 (22.6) 3162 (20.2) 1.25 (1.14-1.55) 0.011* 1.23 (1.06-1.39) 0.0l I*
60-74 281 (13.4) 2477 (15.8) 1.21 (1.11-1.43) 0.033* 1.21 (1.11-1.43) 0.032*
>75 46 (2.2) 401 (2.6) 0.24 (0.12-0.46) 0.036* 0.23 (0.11-0.44) 0.035*%
History of TB treatment
New case 1940 (92.8) 13,494 (86.2) Ref Ref
Relapse 77 (3.7) 597 (3.8) 2.03 (2.01-2.45) <0.001* 2.02 (2.01-2.43) <0.001*
Lost 23 (1.1) 1283 (8.2) 1.24 (0.93-2.77) 0.273 1.22 (0.68-2.34) 0.272
Failure 22 (1.1) 90 (0.6) 2.47 (1.23-2.95) <0.001* 2.42 (1.22-2.79) <0.001*
Transfer 22 (1.1) 134 (0.9) 0.67 (0.31-1.98) 0.263 0.65 (0.30-1.91) 0.261
Default 6 (0.3) 57 (0.4) 1.14 (1.12-2.66) 0.021* 113 (1.11-2.64) 0.021*
HIV status
Positive 160 (36.7) 276 (63.3) 1.73 (1.43-2.85) <0.001* 1.71 (1.39-2.81) <0.001*
Negative 1498 (l6.1) 7809 (83.9) 0.57 (0.26-1.88) 0.224 0.55 (0.23-1.79) 0.222
Unknown 432 (5.4) 7570 (94.6) Ref Ref

Note: *Statistically significant.
Infection and Drug Resistance 2021:14 htps: 3965
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Table 3 The Magnitude of RR-MTB in Different Study Participant Categories (Gender, Age, Treatment History, and HIV Status) in

Southern Ethiopia, 2014-2020 (N = 2090)

Variable RR-MTB Detected N (%) RR-MTB Not N (%) COR (95% ClI) P-value AOR (95% CI) P-value
Gender

Male 74 (69.2) 1150 (58.0) Ref Ref

Female 33 (30.8) 833 (42.0) 1.31 (0.76—1.35) 0.241 1.31 (0.76—1.45) 0.242
Age categories

<15 4 (3.7 128 (6.5) I.11 (0.63-1.76) 0.66 .11 (0.64-1.76) 0.67
15-29 27 (25.2) 581 (29.3) 1.22 (0.34-3.75) 0.43 1.23 (0.34-3.76) 0.42
3044 31 (29.0) 523 (26.4) 1.15 (0.14-1.53) 0.23 1.17 (0.15-1.63) 0.24
45-59 25 (23.4) 443 (22.3) 0.42 (0.21-1.33) 0.36 0.42 (0.21-1.33) 0.36
60-74 18 (16.8) 263 (13.3) 1.24 (0.52—1.46) 0.31 1.25 (0.52-1.46) 0.31
>75 2 (1.9) 45 (2.3) 1.24 (0.32-2.46) 0.42 1.25 (0.32-2.45) 0.42
History of TB treatment

New case 62 (57.9) 1878 (94.7) Ref Ref

Relapse 17 (15.9) 60 (3.3) 2.17 (1.58-2.45) 0.011* 2.16 (1.55-2.43) 0.010*
Lost 54.7) 18 (0.9) 1.24 (0.93-3.77) 0.052 1.22 (0.68-3.34) 0.051
Failure 13 (12.2) 9 (0.5) 3.47 (2.23-4.95) <0.001* 3.42 (2.22-4.79) <0.001*
Transfer 6 (5.6) 16 (0.8) 0.67 (0.31-1.98) 0.263 0.65 (0.30-1.91) 0.261
Default 4 (3.7) 2 (0.1) 2.14 (1.12-3.66) 0.019* 2.13 (1.11-3.64) 0.018*
HIV antibody test

Positive 61 (57.0) 99 (5.0) 1.73 (0.39-2.85) 0.430 1.71 (0.39-2.81) 0.421
Negative 44 (41.1) 1454 (73.3) 0.57 (0.26-1.88) 0.524 0.55 (0.23-1.79) 0.522
Unknown 2 (1.9) 430 (21.7) Ref Ref

Note: *Statistically significant.

have more frequent contact with TB patients while females
usually stay at home.

In our study, participants who had a history of previous
treatment (failure, relapse, and default) were more infected
by MTB compared to new cases. This result is in agree-
ment with previous studies conducted in Ethiopia.'>?**°
Enhanced frequency of MTB in patients having a history
of previous treatment indicates high transmission of TB
infection in the community. So, serious emphasis should
be given for the prevention and control to limit its
transmission.

In the current study, the prevalence of RR-MTB among
patients suffering from TB infection was 5.1%. This result is
nearly comparable with other previous studies conducted in
Nigeria, 7.3%,41 Uganda, 5.7%,42 and Ethiopia, 8.3%.% In
contrast to our finding, however, previous studies conducted
in different parts of Ethiopia, 11-54%,'"*?42%44 Nigeria,
14.7%,45 Congo, 42.2%,%*% and in Togo, 24%,%7 reported
a higher prevalence of RR-MTB than our study. On the
other hand, a lower prevalence was reported by studies

conducted in other parts of Ethiopia, 1.2-4.7%,2023-%-3446
and the WHO report of 2017, 4.1%.%” The differences might
be due to geographical variation, study setting, methodolo-
gical differences, limited sample size, differences in study
period, and differences in TB control and prevention
practice.

The high RR-MTB prevalence in different parts of
Ethiopia,''"**** Congo,?® and India*® is explained by the
included study participants who were suspected of MDR-
TB (relapse, defaulter, lost, and failure) rather than presump-
tive TB patients. The lowest RR-MTB reported in Ethiopia®°
might be due to the study conducted was a community-based
study, rather than a health service-based study. In comparison
to our study, the higher RR-MTB reports from the Somali
region,” Pakistan,”® Bangladesh,”' and Togo?’ might be
explained by the variation in the study period and the scope
to use Xpert for TB diagnosis (when the Xpert assay was
started to be used, it was recommended only for patients with
presumptive MDR-TB; but, later, the Xpert MTB/RIF assay
was recommended for all TB suspected patients).
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In our study, RR-MTB had no significant association
with gender. However, other studies conducted in different
areas>**®>? have reported more RR-MTB among females
compared to males. In contrast to our findings, however,
other studies conducted in different areas reported more
RR-MTB infection among males than females.**>*-* In
the present study, age groups of >75 years were less
infected by RR-MTB compared to the other age groups.

But, other studies®*>*

reported less prevalence of RR-
MTB between the age groups of 30-39 years. In our
study, TB patients with previous treatment history
(relapse, failure, default) were significantly associated
with RR-MTB. This is in line with previous reports from
different areas.''*®>? As a result, coordinated efforts
should be applied to treatment monitoring, limiting the
transmission through the application of appropriate control
and prevention methods to reduce the emergence of circu-
lating drug-resistant MTB strains in the community.

In the current study, we tried to see the trend of MTB and
RR-MTB for the last seven years. Accordingly, a higher pre-
valence of MTB was reported in 2017 and 2020 with
a prevalence of 20.1% and 16.2%, respectively. A high pre-
valence of RR-MTB was recorded in 2017 and 2019 account-
ing for 8.5% and 8%, respectively. Even though the overall
prevalence of both MTB and RR-MTB were low, there is no
significant reduction from time to time. Thus, health program-
mers and stakeholders should give special attention and design
a package in the national TB control program that addresses
such areas where thousands of people are living in over-
crowded areas.

Limitations of the Study

This study included a large sample size and is believed to
give representative and updated information on the preva-
lence of MTB and RR-MTB to the regional and national
governments. However, it has its own limitations. As the
study was retrospective, first, we could not perform the
genotypic confirmation of the Xpert positive MTB and
RR-MTB. Second, only rifampicin resistance was ana-
lyzed and resistance to other anti-TB drugs was not
detected because of the retrospective nature of the study.
Third, there was a lack of important information and data
like contact history of MDR-TB and TB, education, resi-
dence, types of non-sputum specimen used for TB detec-
tion, and living conditions of patients; thus, we were
unable to show the associations between these factors

with our outcome variables.

Conclusion

The overall prevalence of MTB and RR-MTB in this study
was 11.8% and 5.1%, respectively. Different age categories,
being HIV positive, and previous TB treatment history
(relapsed, failed, and defaulter) were significantly associated
with high MTB. TB patients with previous treatment history
(relapsed and failed) were also significantly associated with
RR-MTB. As the prevalence of both MTB and RR-MTB
was still high especially in patients with a history of previous
treatment and no significant reduction from time to time,
health programmers and stakeholders should give special
attention and design a package in the national TB treatment,
monitoring, and control program that addresses such areas
where thousands of people live in overcrowded areas.
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