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Background: Tuberculosis is a communicable disease that significantly contributes to global morbidity and ranks
among the top causes of mortality worldwide. The problem is worsened by the emergence and spread of drug-resistant
TB, especially in high-burden countries like Ethiopia. However, insufficient data on the magnitude and patterns of TB
drug resistance, particularly in remote areas within these countries, hampers disease control. Therefore, this study
aimed to determine the magnitude of the rate of resistance and resistance patterns to first-line anti-TB drugs among
smear or GeneXpert-positive pulmonary tuberculosis patients visiting health facilities in selected districts of Bale
Zones, Southeast Ethiopia.

Methods: An institution-based cross-sectional study was conducted in health facilities across eight districts of the

Bale zones, including 152 smear- or GeneXpert-positive pulmonary tuberculosis patients with successful phenotypic
drug susceptibility test results. Data on socio-demographics, TB treatment history, and other relevant variables were
collected through a structured, pretested questionnaire. Mycobacterial drug susceptibility testing for first-line anti-TB
drugs (rifampicin, isoniazid, streptomycin, and ethambutol) was performed using the indirect proportion method. Data
analysis was conducted using SPSS version 20 to identify determinants of TB drug resistance.

Results: Of the 173 study participants, 152 were recruited, yielding a response rate of 88%. More than half of the
participants were male (53.9%), with an age range of 5-65 years and a mean of 28.1 years (SD + 11.65). Resistance
to at least one first-line anti-TB drug was 24.3% (95% CI: 17.8%-32%). Primary and secondary resistance were 24.1%
(95% CI: 17.4%-31.9 %) and 28.6% (95% CI: 3.7%, 71 %), respectively. Rifampicin resistance was 1.3% (95% CI:
0.2%, 4.7%). Streptomycin exhibited the highest level of primary resistance (15.2%), followed by ethambutol (9%)
and isoniazid (7.6%). Primary mono-resistance was greatest for streptomycin (9%) and ethambutol (4.7%). Multidrug-
resistant TB was found in a single case, with resistance to all first-line agents. Resistance rates were not substantially
different by sex, age, residence place, educational status, history of previous TB treatment, and history of
imprisonment, history of chronic diseases or alcohol drinking.

Conclusion: A high magnitude of primary resistance to at least one first-line anti-TB drug and primary resistance to
streptomycin was observed in Bale. Although the frequency of MDR TB was relatively low, resistance to Ethambutol
and Isoniazid was common. Expanding district-level access to drug susceptibility testing facilities and strengthening
existing are essential for establishing an effective monitoring system for tuberculosis drug resistance. This will enable
the effective combat of tuberculosis and provide evidence-based treatment in underserved, remote settings.
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above HIV/AIDS (WHO, 2019). It remains a major
global health threat, causing an estimated 1.6 million

) ] o deaths in 2021. Despite previous declines, the TB
nificantly contributes to global rr}0rb1d1ty ar.ld ranks incidence rate rose by 3.6% between 2020 and 2021,
among the top causes of mortality worldwide, and

caused an estimated 1.25 million deaths in

Introduction
Tuberculosis (TB) is a communicable disease that sig-

reversing decades of progress (WHO, 2022). It was the

] o world's second leading cause of death from a single
2023(WHO, 2024b). An estimated 10 million people infectious agent, after COVID-19 in 2022 (WHO,
fell ill with TB, and it was the leading cause of death

i ] ) i ‘ 2023a), and returned to being the world’s leading
from a single infectious agent globally in 2018 ranking

cause of death from a single infectious agent in 2023
(WHO, 2024b). This increase is attributed to
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disruptions in the provision of and access to essential
TB services caused by the COVID-19 pandemic and
other factors (WHO, 2022).

In Ethiopia, TB continues to be a major public health
concern, placing the country among the 30 high TB
burden and 30 high TB/HIV burden countries in the
world and claiming the lives of thousands every year.
It caused 21,000 deaths with an uncertainty interval
(UI) of 13000-31000 deaths in HIV negatives and
1,700 (1100 - 2300) in HIV positives in 2022 (WHO,
2023a). The total TB incidence best estimate of Ethio-
pia, was 126 (UI: 85-176) per 100,000 population in
2022 (WHO, 2023a).

According to the Oromia regional health bureau’s re-
port, the number of pulmonary tuberculosis (PTB)
cases was 29,895 (18,381 smear-positive pulmonary
tuberculosis (SPPTB) and 11514 smear-negative pul-
monary tuberculosis (SNPTB)) from July 2018 to June
2019 (OHB, 2024). The number increased to 39,820
(25,646 SPPTB) from July 2022 to June 2023 in the
region, with an increasing trend from July 2019
through June 2022. Moreover, the number of
pulmonary TB cases in the two Bale zones was 1339
(849 SPPTB and 490 SNPTB) from July 2018 to June
2019, and became 1,936 (1,310 SPPTB and 626
SNPTB) from July 2022 to June 2023, with an
increasing trend from July 2019 through June 2022
(OHB, 2024). In addition, the number of relapse cases
in these zones was 60 from July 2018 to June 2019, 35
from July 2019 to June 2020, and 48 from July 2022
to June 2023 (OHB, 2018, 2024).

The challenge of TB is further complicated by the rise
and spread of drug-resistant TB (DR-TB), particularly
multidrug-resistant tuberculosis (MDR-TB). This ne-
cessitates treatment with second-line regimens, which
are more complex than those used for the treatment of
non-drug-resistant TB patients (Shah et al., 2007). In
Ethiopia, the number of incident MDR/RR TB cases
was 1,400 (970-2000) in 2019 (WHO, 2020a) and 2
000 (1,200 — 2,800 in 2022 (WHO, 2023b) with the
MDR/RR TB incidence rate of 1.3 (0.87-1.8) in 2019
(WHO, 2020a) and 1.6 (1-2.3) in 2022 (WHO, 2023b).
Hence, drug-resistant TB is also a concern to the na-
tional TB control program of Ethiopia, and poses a
threat to its TB control efforts. Knowledge of the drug
resistance magnitude and pattern of TB in the country,
particularly in its remote areas with higher TB burden,
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is essential to set evidence-based improvement of
treatment regimens to mitigate this health threat; ulti-
mately to end TB. Unfortunately, in resource-limited
countries like Ethiopia, particularly in its peripheral
areas, data on the magnitude of the rate of TB drug
resistance and resistance patterns are rarely available.

In the two Bale zones, the number of reported MDR
cases showed considerable fluctuation across the re-
porting periods: seven cases were recorded between
July 2017 and June 2018, one case between July 2018
and June 2019, none between July 2019 and June
2021, one case between July 2021 and June 2022, and
none between July 2022 and June 2023 (OHB, 2018,
2024). Despite higher magnitudes of SPPTB and re-
lapse cases in the two Bale Zones, the reported number
of MDR seems low. Regarding the drug susceptibility
testing (DST) service in these zones, the majority of
districts do not have any facility to run DST, culture,
or DNA-based tests. Even though there are four dis-
tricts that do have hospitals that provide rifampicin re-
sistance test with GeneXpert, their service is very in-
termittent and hardly accessible to the remote districts.
Accordingly, the low number of reported MDR cases
over the years may not accurately reflect the true mag-
nitude of drug resistance in these areas. Accordingly,
the current drug-resistance status of tuberculosis (TB)
in the Bale zones remains largely unknown. This
knowledge gap raises concern about ongoing trans-
mission and the potential emergence of drug-resistant
TB within the community, which could result in more
difficult-to-treat cases and increased morbidity and
mortality. Hence, this study was conducted to deter-
mine the magnitude of drug resistance rate and re-
sistance pattern of TB to first-line anti-TB drugs in the
Bale zones of Oromia region, southeastern Ethiopia.
The findings of this study will help the local TB con-
trol program (other stakeholders) to implement evi-
dence-based interventions to control the spread and
emergence of drug-resistant TB in Bale.

Materials and Methods

Study Setting, Design, and Period

A facility-based cross-sectional study was conducted
from June 2021 to December 2022 among eight dis-
tricts of the Bale Zones, Oromia, Ethiopia to establish
the magnitude and drug resistance pattern of TB to

first-line anti-TB medications. Bale Zone had a total
population of 1,840,746 in 2017, of which 269,139
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lived in urban settings (CSAE, 2013). The zone has
about 84 health centers and five hospitals that offer Di-
rectly Observed Treatment, Short-course (DOTS) for
TB (BHO, 2017). The study targeted six main health
facilities that provide TB diagnosis and treatment ser-
vices for eight districts out of 20: Ginnir Hospital (for
Ginnir, Sewena, and Rayitu districts), Robe, Goba,
Dello Mena, Mada Wolabu hospitals, and Angetu
Health Center (for Harana Buluk district). Raytu and
Sewena health centers were utilized on an as-and-
when basis, with patients continuing to attend Ginnir
Hospital when the services of that center were not
available (Fig. 1).

Figure 1: Map of Study Area

Population, Inclusion/ Exclusion Criteria

All smear or GeneXpert-positive pulmonary tubercu-
losis patients who had not started anti-TB treatment
yet were included in the study. On the other hand, ex-
trapulmonary TB cases, smear-negative cases where
acid-fast staining (AFS) was used as a diagnostic tool,
GeneXpert-negative cases where GeneXpert was used
as a diagnostic tool, and smear or GeneXpert-positive
pulmonary tuberculosis patients who had already
started anti-TB treatment were excluded from the
study.

Sample Size and Sampling Technique

The sample size was calculated using a single popula-
tion proportion formula with finite population correc-
tion, in accordance with WHO guidelines for tubercu-
losis drug-resistance surveillance. (WHO, 2009). Esti-
mation was done using a priori estimate of prevalence
of rifampicin resistance of 1.7% (Seyoum et al., 2014),
precision 1%, 95% confidence interval, and 20% non-
response rate. As 185 smear-positive cases had been
noted in the eight study districts during 2017/2018
(OHB, 2018), the sample size was increased by 20%
to compensate for potential losses, hence having a fi-
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nal sample size of 173. Districts were chosen purpos-
ively to mirror the economic and geographical diver-
sity of the area, including pastoral, agro-pastoral, and
agrarian livelihoods, as well as highland and lowland.
The participants eligible for the study were selected by
taking those identified at the DOTS centers of the sam-
pled Bale Zones health facilities consecutively.

Data Collection Instruments and Procedures

Data were collected through face-to-face interviews
using a structured questionnaire to gather socio-demo-
graphic information, TB treatment history, and other
relevant data at selected health facilities.

Sputum samples were collected after participants re-
ceived instructions from laboratory technicians on
proper sample collection. Samples were delivered in
labeled, wide-mouthed, leak-proof, screw-capped 50
ml flacon tubes, checked for quality and quantity, and
stored at 2—8°C for up to 7 days at the laboratories of
selected health facilities. A total of 400 sputum sam-
ples from smear- or GeneXpert-positive patients were
transported at +4°C under cold chain conditions to the
Adama Public Health Research and Referral Labora-
tory Center for culture and further analysis. A total of
400 sputum samples were collected, assuming that at
least 43.25% would yield growth during primary cul-
turing and sub-culturing, to obtain a final sample size
of 173 for the phenotypic drug resistance study.
Sputum processing and M. tuberculosis isolation were
performed using the standard Petroff’s method
(NALC-NaOH), with centrifugation to concentrate or-
ganisms (Kent, 1985). Sediment was reconstituted in
phosphate-buffered saline and inoculated on Lowen-
stein-Jensen (LJ) medium with 0.75% glycerol, incu-
bated at 37°C for up to 8 weeks, and monitored weekly
for growth. Acid-fast bacilli were confirmed by Ziehl-
Neelsen staining for phenotypic drug susceptibility
testing (pDST).

Drug susceptibility was tested using a modified indi-
rect proportion method (van Klingeren et al., 2007) on
Middlebrook 7H10 agar supplemented with OADC
and glycerol. Four first-line drugs (rifampicin, isonia-
zid, streptomycin, ethambutol) were tested at critical
concentrations of 1 pg/ml, 0.2 pg/ml, 2 pg/ml, and 5
pg/ml respectively. Bacterial suspensions were ad-
justed to McFarland standard 1.0. Controls included
drug-free wells with diluted and undiluted bacterial
suspensions. Strains showing less than 1% growth
compared to controls were classified as susceptible;
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those exceeding 1% were resistant. Contaminated or
borderline tests were repeated (Wedajo et al., 2014).

Operational Definition/Definition of Terms
Drug-resistant TB (DR-TB) broadly refers to TB
caused by strains resistant to any tested TB medication
Mono-resistant TB is defined as resistance to a single
TB drug. Poly-resistant TB involves resistance to at
least two TB drugs, excluding both isoniazid and ri-
fampin. Multidrug-resistant TB (MDR-TB) is charac-
terized by resistance to at least isoniazid and rifampin,
the two most effective first-line drugs. The term
MDR/RR-TB includes both MDR-TB and rifampicin-
resistant TB (RR-TB). Primary resistance occurs in in-
dividuals who have never received TB treatment. Sec-
ondary resistance appears in those with a history of
prior TB therapy (WHO, 2013).

Based on their history of previous treatment for tuber-
culosis, a person with TB disease is classified as fol-
lows: a new case refers to an individual who has never
been treated for TB or has taken TB medications for
less than one month; a previously treated case or re-
current case refers to an individual who was previ-
ously treated for TB, declared cured or had completed
treatment at the end of their most recent course, and is
now diagnosed with a new episode of TB (WHO,
2024a).

Data Processing and Analysis

Data collected from smear- or GeneXpert-positive
participants via questionnaire, along with phenotypic
drug susceptibility test (pDST) results, were entered
using REDCap and analyzed with SPSS version 20.
The data were cleaned, organized, and presented in ta-
bles and figures. Overall, primary and secondary re-
sistance levels to first-line anti-TB drugs (rifampicin,
isoniazid, streptomycin, and ethambutol) were meas-
ured. Descriptive statistics compared variables be-
tween drug-susceptible and drug-resistant patients.
Drug resistance was assessed on a binary scale as ei-
ther resistant or susceptible for each tested drug.

Data Quality Control

Sputum samples of good quality and sufficient volume
(5 ml thick sputum containing mucoid or muco-puru-
lent material) were collected in sterile screw cupped
Falcon tubes and stored at 2—-8°C refrigerator until
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transported. All samples were transported to Adama
public health research and referral laboratory center
using a cold chain system (40 °C), and processed at
arrival with a negative control included for each batch.
The M. tuberculosis reference strain H37Rv (ATCC
27294), which is sensitive to all conventional anti-tu-
berculosis medications, was employed as a negative
control for drug resistance in each drug susceptibility
testing (DST) assay. Additionally, the questionnaire
used for the interview underwent a pretest before im-
plementation, and trained data collectors collected the
data under the close supervision of skilled supervisors.

Ethical Consideration

Ethical approval for the study was granted by the Ha-
ramaya University College of Health and Medical Sci-
ences Institutional Health Research Ethics Review
Committee (IHRERC) and the AHRI/ALERT re-
search ethics review committees with Ref. NO. IH-
RERC/141 /2019) and Protocol Number: PO/09/19.
Written informed consent from participants aged >18
years, informed consent from parents or guardians and
assent from participants aged 12—17 years were ob-
tained for minors. Data obtained was kept confidential
and utilized solely for the study. Patients who were
found to have drug-resistant TB were informed of their
results through their respective health institutions and
were accordingly treated. Health education about the
prevention of disease transmission was also provided
to patients and guardians.

Results

Socio-demographic characteristics of participants.
During the study period, sputum samples from 230
(57.5%) patients showed mycobacterial growth on LJ
culture. For 152 of these patients, isolates were suc-
cessfully recovered on subculture and had successful
phenotypic drug susceptibility test results; and hence
included in this study. Among the 152 study partici-
pants, 53.9% (82) were male, 60.5% (92) were farm-
ers, and 77% (117) were rural residents. In addition,
53.3% (81) had no formal education, 4.6% (7) had a
history of TB treatment, and 7.9% (12) had a history
of chronic disease. Their age ranged from 5-65 years,
with the mean age of 28.1 years SD + 11.65), and 58.6
% were in the age range of 15-29 years (Table 1).
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Table 1: Demographic characteristics and previous history of TB treatment of Pulmonary Tuberculosis Patients in
Bale Zone of Oromia, Southeast Ethiopia, 2022, (n=152)

Characteristic Frequency(n) Percentage (%)
Sex
Male 82 53.9
Female 70 46.1
Age Groups
5-14 12 7.9
15-29 89 58.6
30-44 30 19.7
45-59 16 10.5
60 — 69 5 3.3
Educational status
Formal education 71 46.7
No formal education 81 533
Occupational status
Farmer 92 60.5
Student 23 15.1
Unemployed/no job 18 11.8
Merchant 12 7.9
Laborer 5 33
Civil Servant 2 1.3
Place of Residence
Urban 35 23
Rural 117 77
Previous history of TB Treatment
No 145 95.4
Yes 7 4.6
Chronic disease history
No 140 92.1
Yes 12 7.9
Imprisonment history
No 145 95.4
Yes 7 4.6
Alcohol drinking history
No 148 97.4
Yes 4 2.6

Phenotypic DST and characteristics of isolates
against first-line anti-TB drugs

From the total 152 culture-positive pulmonary TB pa-
tients, 145 (95.4 %) were new, whereas 7 (4.6 %) were
previously treated patients with first-line anti-TB
drugs. Overall, from the 152 mycobacterial isolates,
24.3% (37/152) (CI: 17.8%, 32%) of them were found
resistant to at least one first-line anti-TB drug. From
the 145 isolates of new TB cases, 24.1% (35) (95%
CI: 17.4%, 31.9%) of them were found resistant to at
least one first-line anti-TB drug (primary resistance),
and 2 of the 7 isolates from previously treated TB
cases were resistant to at least one of first-line anti-TB
drugs (Table 2). Resistance to any first-line anti-TB
drug among new cases was 15.2% (22) (95% CI: 9.8%
-22.1%) for streptomycin (STM), 9% (13) (95% CI:
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4.9% - 14.8%) for ethambutol (EMB), 7.6% (11) (95%
CI: 3.8%,13.2%) for isoniazid (INH) and 0.7% (1)
(95% CI: 0.01% — 3.8%) for rifampicin (RIF). In fact,
17.2% (25) of new isolates were mono-resistant M. tu-
berculosis isolates. From these mono-resistant strains,
9% (13), 4.8% (7), 2.8% (4), and 0.7% (1) of them
were STM, EMB, INH, and RIF mono-resistant, re-
spectively. On the other hand, there was only strepto-
mycin mono-resistance among previously treated pa-
tients, accounting for 14.3 % (1) resistance (Table 2).
Moreover, 6.9 % (10) of the M. tuberculosis isolates
were poly-resistant to first-line anti TB drugs: 2.8 %
(4) for INH and STM, 2.1 % for ETB and STM, 1.4 %
(2) for INH, ETB and STM, and 0.7 % (1) for INH and
EMB (Fig. 2). There was only one MDR (0.7%)
among the 152 isolates and it was from previously
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treated patients and was resistant to all four first-line
anti TB drugs. Hence, the secondary MDR was 14.3%

East African Journal of Health and Biomedical Sciences, Volume 8 (2):29-40

(1), and it was the only case with MDR and the only
case resistant to all first-line anti-TB drugs tested.

Table 2: Resistance Pattern to First-Line Anti-Tuberculosis Drugs among Pulmonary Tuberculosis Patients in Bale

Zone of Oromia, Southeast Ethiopia, 2022 (n = 152)

Resistance Total case n= New Cases (n= Previously Treated
152) 145) Cases (n =7)
No % No % No %

Susceptible 115 75.7 110 75.9 5 71.4
Any resistance to at least one anti-TB drug 37 243 35 24.1 2 28.6
Any resistance

INH 12 7.9 11 7.6 1 14.3

RIF 2 1.3 1 0.7 1 14.3

EMB 14 9.2 13 9 1 14.3

STM 24 15.8 22 15.2 2 28.6
Mono — Resistance

INH only 4 2.6 4 2.8 -

RIF only 1 0.66 1 0.7 -

EMB only 7 4.6 7 4.8 -

STM only 9 8.6 13 9 1 14.3
Total Mono — Resistance 25 16.4 25 17.2
MDR 1 14.3
Poly — Resistance -
INH &STM 4 2.8 -
EMB & STM 3 2.1 -
INH, EMB &STM 2 1.4 -
INH & STM 1 0.7 -
Total poly — Resistance 10 7 -

R: rifampicin, H: isoniazid, S: streptomycin, E: ethambutol, INH: isoniazid, STP: streptomycin, EMB: ethambutol

Discussion

Among 152 culture-positive pulmonary TB patients,
95.4% were newly diagnosed and 4.6% had prior treat-
ment with first-line anti-TB drugs. Overall, 24.3% of
isolates showed resistance to at least one first-line
drug, with a 24.1% resistance rate among new cases
(primary resistance) and a 28.6% resistance rate
among previously treated cases (secondary re-
sistance). Among new cases, the highest resistance to
any first-line anti-TB drug was observed for strepto-
mycin (15.2%), followed by ethambutol (9%), isonia-
zid (7.6%), and rifampicin (0.7%). Mono-resistance
was observed in 17.2% of isolates from new cases,
predominantly to streptomycin (9%), while 6.9% ex-
hibited poly-resistance involving combinations of
INH, EMB, and STM. Only one MDR case (0.7%)
was identified, originating from a previously treated
patient and resistant to all four first-line drugs.
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In this study, the 24.3% overall resistance among new
and previously treated TB patients to at least one first-
line anti-TB drug is lower than the 34.1% rate reported
in Northwestern part of Ethiopia (Seid, 2023), 33.4%
of Ethiopian national survey (Getahun et al., 2015),
the pooled rate from Sudan (47%) (Hajissa, 2021) and
42% from Nigeria (Otu, 2013). It is comparable to the
rate reported in the Northwestern part of Ethiopia
(29.2%) (Yigzaw WB, 2021), central Ethiopia (21.7
%) (Hamusse et al, 2016), and Zambia (23.5%)
(Monde, 2023) but higher than the rate (percentage)
reported in northwest Ethiopia (16.1%) (Lobie et al.,
2020) and Central and Southern Ethiopia (14.4%)
(Tilahun et al., 2023).

According to our current findings, the primary re-
sistance to at least one first-line anti-TB drug was
24.1% (95% CI: 17.4% - 31.9%). This rate is lower
than the rate observed in the Eastern part of Ethiopia
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(32.5%) (Mitike et al., 1997) but higher than the rates
observed in central Ethiopia (15.3%) (Hamusse ef al.,
2016) and comparable to the rate observed in south-
western Ethiopia (18.4%) (Abebe ef al., 2012) and
central Ethiopia (22.2%) (Bedewi Z, 2017). The
28.6% (95% IC: 3.7% -71%) rate of secondary
resistance observed in this study is comparable to the
rate in central Ethiopia (48.8%) (Hamusse et al.,
2016). The differences in overall, primary, and
secondary drug resistance rates to at least one first-line
anti-TB drug between our study and others could be
attributed to variations in sample study
populations, treatment adherence, and disparities in

size,

healthcare facilities (including the availability and
quality of health services, access to anti-TB drugs,
presence of trained healthcare providers, and support
for treatment adherence).

Moreover, this study has shown that there are high
rates of resistance of TB to at least one first-line anti-
TB; the majority of the resistance was primary
(24.1%). A primary drug resistance rate of this magni-
tude has profound implications for tuberculosis pre-
vention and control programs. That is, the first-line
anti-TB drugs might be less effective, and this in turn
can lead to higher chances of treatment failure, emer-
gence and spread of resistant TB strains within com-
munities (Federal Ministry of Health, 2018). Accord-
ingly, the TB control program (local, regional, and na-
tional stakeholders in collaboration with international
bodies) needs to prioritize availing a rapid drug sus-
ceptibility testing (DST) facility at the district level to
ensure that TB patients have access to timely DST to
identify drug resistance early and initiate appropriate
treatment. Moreover, engaging communities in TB
(DR-TB) control efforts through outreach educational
campaigns might help to reach the remote rural com-
munities of the Bale zones, and hence would contrib-
ute much to fighting against this public health prob-
lem.

The resistance rate against STM (15.2%; 95% CI:
9.8%, 22.1%) is higher than the rates observed in
Southwestern Ethiopia (8.1%) (Abebe et al., 2012),
Kenya (6.25%) (Kerubo et al., 2016) and comparable
to the pooled rate from Sudan (22.1%) (Hajissa et al.,
2021) but was lower than the rate from the Ethiopian
national TB survey (26.6 %) (Getahun et al., 2015).
The elevated prevalence of STM resistance is a long-
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term outcome of its historical use as a monotherapy,
before the adoption of combination regimens involv-
ing more effective antibiotics ((Rocha et al., 2021).
Though, STM is not currently included in the Ethio-
pian national TB treatment protocol as a first-line anti-
TB drug, the widely spread STM resistance at a na-
tional level and in our study area is worrisome, as there
is a hypothesis that states the STM-resistant strains
that are highly transmissible and possibly more prone
to acquire other drug resistance (Rocha et al., 2021).
As a result, exploring the role of STM resistance in
controlling the spread of existing and the development
of new drug-resistant TB seems very important, and
hence should not be neglected.

Ethambutol resistance was the second most frequent,
with 9% (95% CI: 4.9% - 14.8%) rate of any resistance
and 4.8% (95% CI: 2.0% - 9.7%) mono resistance in
our study. Lower EMB mono-resistance rates have
been observed in different parts of Ethiopia: Central
Ethiopia (1.5%) (Bedewi Z, 2017) and Eastern Ethio-
pia (0.3%) (Seyoum et al., 2014). On the other hand,
comparable rates have been reported in Southwestern
Ethiopia (1.5%; 95% CI: 0.4-5.2) (Abebe et al., 2012),
Sudan (2.1%) (Hajissa et al., 2021), and Kenya (4.4%)
(Sitienei et al., 2017). Obviously, there is a higher rate
of EMB drug resistance in the current study area than
in other parts of the country. This magnitude of re-
sistance in Bale zones is worrisome and might have
detrimental consequences. This is because EMB is be-
ing used as the first-line anti-TB drug regimen in Ethi-
opia, and ethambutol is incorporated into the initial
phase of the standard treatment regimen for tuberculo-
sis presumed to be drug-susceptible, serving as a pro-
tective agent against possible unrecognized resistance
to the three core medicines: rifampin, isoniazid, and
pyrazinamide (Horsburgh CR Jr, 2015). In this remote
area, where drug susceptibility testing service is lim-
ited and the resistance status of patients to these core
anti-TB drugs remains unknown, this higher rate of
ethambutol resistance could compromise the effective-
ness of the entire TB treatment regimen.

In addition, a report of the WHO indicated that patients
infected with the Mycobacterium tuberculosis strain
and showing simultaneous resistance to EMB and INH
or EMB and RIF had an increased risk of treatment
failure and further acquired resistance (Falzon et al.,
2011). Moreover, EMB is also suggested as a potential
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supplementary agent for a treatment regimen of multi-
drug-resistant (MDR) and extensively drug-resistant
(XDR) TB (WHO, 2020c). Hence, Bale zone TB con-
trol stakeholders need to assess what went wrong, like
patient adherence and whether the health institutions
follow standard work guidelines to check for proper
completion of the treatment regimen by every patient.
Moreover, periodic assessment of the drug susceptibil-
ity of Ethambutol might be essential to find an alterna-
tive medication if the problem persists.

The rate of any resistance against INH among new pul-
monary TB patients in our study (7.6%: 95% CI: 3.8%,
13.2%) is comparable to the rates reported in central
Ethiopia (9.4 %) (Hamusse et al., 2016), southwestern
Ethiopia (13.2%) (Abebe et al., 2012), and to the rate
from Ethiopian national survey (5.5%) (Getahun et al.,
2015) and Kenya (5.2%) (Sitienei et al., 2017) but it is
lower than the rates observed in North Ethiopia
(13.4%) (Weleki-dan et al., 2020) and pooled rate
from Sudan (15.7%) (Hajissa et al., 2021). Although
higher rates of INH mono resistance among new pul-
monary TB patients were reported from different parts
of Ethiopia (6.3% - 9.5%) (Abebe et al., 2012; Bedewi
et al., 2017; Lobie et al., 2020; Seyoum et al., 2014),
the rate from the present study (2.7%) is higher than
the rate from the Ethiopian national survey (1.1%)
(Getahun et al., 2015). In general, the primary rate of
INH resistance in our study area is concerning, as INH
is part of the current TB standard regimen and as its
resistance has multiple implications. For example,
studies have shown that resistance to INH reduces the
probability of treatment success as well as increment
of the risk of acquiring resistance to other important
first-line drugs such as RIF. Moreover, the manage-
ment of INH-resistant TB takes a longer time and
hence contributes to a higher burden of tuberculosis
(Alemu et al., 2023; Manson et al., 2017; Menzies et
al., 2009).

In our study, the primary resistance to RIF was 0.7%
and only observed in only one isolate and manifested
as mono resistance. Similar or slightly higher rates
were observed in different parts of Ethiopia and na-
tional surveys of African countries: 0.7% in southwest
Ethiopia (Abebe et al., 2012), 1.7% in Eastern Ethio-
pia (Seyoum et al., 2014), 1.9% in central Ethiopia
(Bedewi Z, 2017), 0.5% in Kenya (Sitienei et al.,
2017), and 0.9% in Tanzania (Mutayoba et al., 2022).
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Similarly, this rate is in line with the estimated 2019
Ethiopian national percentage of new cases of TB with
MDR/RR TB (0.71%) (WHO, 2020b) and a bit lower
than the 2022 (1.1%) (WHO, 2023b). Moreover, the
secondary resistance to RIF in this study was 14.3%
(95% CI: 0.4%-57.9%), it is comparable to the 16%
national estimate in 2019 (WHO, 2020b) and 12% in
2022 (WHO, 2023b).

Though, the magnitude of rifampicin resistance in our
study area is in line with the national as well as re-
gional values, it is still alarming. Because of its po-
tency and role in preventing the development of drug
resistance, rifampicin has been a cornerstone of TB
treatment regimens. Hence, resistance to rifampicin
can pose serious consequences in patient care and pub-
lic health, such as difficulty in finding effective alter-
native TB treatment options, emergence and spread of
multidrug-resistant TB, and increased mortality from
MDR tuberculosis (Malenfant & Brewer, 2021; Prasad
etal., 2018).

The challenge of TB is complicated by the rise and
spread of drug-resistant TB (DR-TB). Various risk
factors, including a previous history of TB treatment,
poor adherence during the first-line anti-TB treatment,
contact with an MDR-TB, and being unemployed, are
known to be associated with DR-TB. Identification of
these factors in a given geographical setting is crucial
in preventing and controlling DR-RT (Alemu A, 2022;
Bedewi Z, 2017). On the other hand, this study found
no statistically significant difference in the rate of re-
sistance to at least one first-line anti-TB drug and the
assessed risk factors. This might be due to a smaller
sample size, which can be seen from the wider confi-
dence intervals of our findings.

Strengths and Limitations

This study was conducted in an underserved, remote
area of the Bale zones, and its findings can be used to
inform evidence-based interventions by the tuberculo-
sis control program. Moreover, the validity of data was
maintained by using a standardized and pretested data
collection tool, trained professional data collectors,
and following standardized operational procedures.
On the other hand, the sample size might have contrib-
uted to the lack of statistically significant difference in
the rate of resistance to at least one first-line anti-TB
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drug and the assessed risk factors, and this is consid-
ered a limitation of this study. Another limitation of
this study was the inability to conduct pyrazinamide
phenotypic drug susceptibility testing due to resource
constraints. Including pDST would have offered a
more complete picture of resistance to first-line anti-
TB drugs in the Bale Zones.

Conclusion

A high magnitude of primary resistance to at least one
first-line anti-TB drug and primary resistance to STM
was observed in Bale. Although there was a relatively
low magnitude of MDR-TB, the rate (percentage) of
primary resistance to EMB and INH was found to be
common. To effectively combat tuberculosis and pro-
vide evidence-based treatment, it is essential to de-
velop a system that routinely monitors drug resistance
status, at least for INH and EMB, in addition to rifam-
picin, within the Bale zones. This system will em-
power healthcare providers with crucial data to tailor
treatments to patient needs. Expanding access to DST
facilities at the district level and strengthening existing
DST facilities are indispensable steps toward estab-
lishing a functional monitoring system for tuberculosis
drug resistance patterns. Moreover, disseminating in-
formation through mass media (e.g., radio) about TB,
DR/RR/MDR TB, and available services to the public,
as well as conducting outreach educational campaigns,
may help engage communities in remote rural areas of
the Bale zones and significantly contribute to the fight
against TB, DR/RR/MDR TB..
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