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Rationale: People with human immunodeficiency virus (PWH) have an increased risk of multidrug-resistant TB
(MDR-TB) compared to those without HIV.

Objective: To investigate the risk factors for MDR-TB among PWH in rural eastern Uganda.

Methods: We conducted a nested case—control study at Soroti Regional Referral Hospital in rural eastern Uganda.
TB records from January 2017 to May 2024 were retrospectively reviewed to identify all PWH. MDR-TB was
defined as resistance to at least both Isoniazid and Rifampicin following GeneXpert Mycobacterium TB and
Rifampicin assay and culture-based drug-susceptible testing. Cases were PWH with MDR-TB, while controls were
a random sample of PWH without MDR-TB, in a 1:3 ratio. Multivariable binary logistic regression was used to
identify factors independently associated with being a case rather than a control. Adjusted odds ratios (aORs) and
95% confidence intervals (CIs) were reported.

Results: We included 37 cases and 111 controls, and found retreatment TB was associated with being a case rather
than a control (aOR 6.97; 95% CI 2.65-19.46). Male sex (aOR: 1.59; 95% CI: 0.67-3.93), clinically diagnosed
pulmonary TB (aOR: 0.38; 95% CI: 0.10-1.23) or extrapulmonary TB (aOR: 0.37; 95% CI: 0.05-1.62), and recent
anti-retroviral therapy initiation (aOR: 2.07; 95% CI: 0.83-5.28) were insignificantly associated with being a
case.

Conclusion: This study showed that retreatment TB is associated with a higher likelihood of MDR-TB among PWH
in a referral hospital in rural eastern Uganda. These findings underscore the need for intensified drug resistance
surveillance and adherence support among PWH with prior TB treatment.

1. Background with MDR-TB [4]. The dual burden of HIV and MDR-TB poses significant

challenges to health systems, underscoring the need for integrated ap-

Multidrug-Resistant tuberculosis (MDR-TB) is a major public health
threat both globally and regionally [1], complicating efforts to control
the TB epidemic. MDR-TB occurs when Mycobacterium TB, the organism
that causes TB, becomes resistant to at least isoniazid (H) and rifampicin
(R), the two most powerful first-line TB drugs [2]. In 2023, an estimated
400,000 people developed MDR-TB globally [1], with a high burden in
low- and middle-income countries, particularly in sub-Saharan Africa
and Asia. The MDR-TB burden is further exacerbated by the human
immunodeficiency virus (HIV) epidemic, with people living with HIV
(PWH) having a significantly higher risk of MDR-TB than those without
HIV [3]. HIV also negatively affects treatment outcomes among people

proaches to diagnosis, treatment, and care.

Previous studies from sub-Saharan Africa (SSA), including Uganda,
have identified several key risk factors for the development of MDR-TB.
These include retreatment TB—individuals previously treated for TB
[5], smoking [6], contact with people/persons with TB (PWTB) [7], and
diabetes mellitus [8], among others. Additional factors include delayed
diagnosis, poor adherence to TB treatment, and limited access to diag-
nostic tools such as drug susceptibility testing [9]. Among these, HIV
remains the most significant and consistent risk factor for MDR-TB.

Uganda has a high TB/HIV burden, and available data indicate that
40 % of PWTB have HIV [10]. MDR-TB further complicates the TB/HIV
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syndemic, with estimates suggesting it occurs in 1 % of newly diagnosed
TB cases and 12 % of retreatment cases [11]. In contrast, HIV is known
as a risk factor for MDR-TB [12], highlighting the need for integrated
treatment and prevention strategies to reduce MDR-TB incidence among
PWH. In general, PWH face a significantly higher risk of MDR-TB than
those without HIV; however, the specific risk factors for MDR-TB in this
population remain understudied. While studies have examined MDR-TB
in Uganda broadly, limited data exist on retreatment TB and MDR-TB
among PWH in rural Eastern Uganda, a region with a high dual
burden. We, therefore, investigated the risk factors for MDR-TB among
PWH receiving care at a large regional referral hospital in rural eastern
Uganda. The study findings contribute to filling a critical evidence gap
by identifying context-specific risk factors for MDR-TB among PWH,
which can inform targeted interventions and guide integrated care ap-
proaches in similar high-burden, resource-limited settings.

2. Methods
2.1. Study setting and data source

This study was conducted at Soroti Regional Referral Hospital
(SRRH), located in the Teso sub-region of rural eastern Uganda.
Although situated in an urban center, the hospital serves a predomi-
nantly rural population, reflecting Uganda’s national demographic,
where over 80 % reside in rural areas. SRRH was purposively selected as
the study site because it is the only MDR-TB treatment facility.

In July 2017, the Uganda Ministry of Health introduced GeneXpert
Mycobacterium TB and Rifampicin (MTB/RIF) testing at selected health
facilities, including SRRH, to improve the diagnosis of pulmonary TB
and detect multidrug- and rifampicin-resistant TB [13]. The hospital’s
TB unit is equipped with GeneXpert MTB/RIF testing and adheres to
national TB treatment guidelines, offering comprehensive services
including same-day treatment initiation. GeneXpert MTB/RIF testing is
offered to all individuals with presumptive TB, allowing the identifica-
tion of those with drug-susceptible and drug-resistant TB and tailoring of
treatment. The MDR-TB unit is staffed by a multidisciplinary team
comprising a TB focal person, a Nursing Officer, a Medical Officer, and a
Clinical Officer, all experienced in TB care. This team ensures adherence
to standardized protocols and delivery of consistent TB messages,
contributing to improved TB control in the region. For this study, be-
tween March 15, 2025, and June 6, 2025, we retrospectively abstracted
TB data for all PWH from the TB Unit Register at SRRH, including de-
mographic and clinical factors. Eligible individuals were PWH aged >
18 years who received GeneXpert MTB/RIF testing and had documented
MDR-TB results. People with MDR-TB had resistance to at least both
Isoniazid and Rifampicin based on GeneXpert MTB/RIF assay and
culture-based phenotypic drug-susceptible testing. We excluded in-
dividuals with unknown HIV status, aged < 18 years, and those who had
substantial missing data.

2.2. Study design

The study employed a nested case-control design to assess the risk
factors for MDR-TB among PWH. The design was based on a retro-
spective review of records for PWH who underwent GeneXpert MTB/RIF
testing and received TB treatment at SRRH between January 2017 and
May 2024. This design is suitable for studying rare outcomes within a
defined retrospective cohort, minimizes bias, and preserves temporal
and methodological rigor. The case-to-control ratio was 1:3.

2.3. Study variables and measurements

The dependent variable was MDR-TB, defined as a binary outcome
(yes/no). A participant was classified as having MDR-TB if infected with
Mycobacterium tuberculosis that showed resistance to both isoniazid (H)
and rifampicin (RIF), with or without resistance to other first-line anti-
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TB drugs. Cases were defined as PWH with MDR-TB confirmed using
GeneXpert MTB/RIF assay, while controls were a random sample of
PWH with drug-susceptible TB (without MDR-TB). Independent vari-
ables included socio-demographic characteristics such as age, sex, resi-
dence, and clinical features like ART treatment history at the time of TB
diagnosis (known to have HIV and receiving ART vs. newly diagnosed
with HIV and not started on ART), disease classification, and TB treat-
ment history (new vs. retreatment).

2.4. Sample size and data analysis

We retrieved all available records for PWH who had TB, were
documented in the TB unit register, and underwent GeneXpert MTB/RIF
testing between January 2017 and May 2024. We screened the records
based on the study’s eligibility criteria and retained only records that
met the criteria. We descriptively summarized numerical data like age
using means and standard deviation (SD) for normally distributed var-
iables or medians and interquartile range (IQR) for skewed distributions.
Categorical variables such as sex were summarized using frequencies
and percentages. In the bivariate analysis, we cross-tabulated each
variable with the outcome (cases vs. controls) and performed appro-
priate statistical tests. Differences between cases and controls for cate-
gorical variables were assessed using the Chi-square test for cell counts
> 5 and Fisher’s exact test for counts < 5. Mean differences for nu-
merical variables were assessed using the Student’s t-test if normally
distributed, or the Mann-Whitney U test if skewed. Multivariable con-
ditional logistic regression was used to identify factors independently
associated with MDR-TB, adjusting for clinically relevant and statisti-
cally significant variables. Adjusted odds ratios (aORs) and 95 % con-
fidence intervals (CIs) were reported.

3. Results
3.1. Study profile

Of the 579 records retrieved, 500 met the eligibility criteria and were
included in the analysis. Of the 79 records excluded, 6 had unknown HIV
serostatus, 69 were for individuals aged under 18 years, and 4 had
incomplete data. Among the 500 eligible records, 37 represented people
with MDR-TB (cases), and 463 were for those without MDR-TB. From
the 463 non-MDR-TB records, 111 were randomly selected to serve as
controls (Fig. 1).

3.2. Distribution of socio-demographic and clinical factors by MDR-TB
status among PWH at the Soroti Regional Referral Hospital

Table 1 presents the distribution of socio-demographic and clinical
characteristics by MDR-TB status among PWH. The mean age was
similar between cases and controls, 40.0 &+ 12.5 vs. 41.2 4+ 11.4,
respectively (p = 0.589). A statistically significant difference was
observed only in TB treatment history—whether the individual was
newly diagnosed or retreated for TB (p < 0.001). No significant differ-
ences were observed between cases and controls for the other variables
(all p > 0.05).

3.3. Risk factors for MDR-TB among PWH at the Soroti Regional Referral
Hospital

Table 2 shows the risk factors for MDR-TB among PWH. In the un-
adjusted analysis, retreatment TB was the only factor significantly
associated with higher odds of MDR-TB among PWH (unadjusted odds
ratio [OR]: 6.97; 95 % CI: 2.65-19.46). Male sex (unadjusted OR [OR]:
2.16; 95 % CI: 0.99-4.95) and TB diagnosis and treatment during the
COVID-19 pandemic (OR: 2.61; 95 % CI: 1.00-7.71) also showed trends
toward a higher likelihood of MDR-TB, but were not statistically sig-
nificant. Conversely, people with clinically diagnosed pulmonary TB
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All records (n=579)

Journal of Clinical Tuberculosis and Other Mycobacterial Diseases 41 (2025) 100562

Excluded with reasons (n=79)
* Unknown HIV status (n=6)

Eligible records for
PWH (n=500)

* Less than 18 years (n=69)
* Incomplete data (n=4)

4

MDR-TB (n=37)

No MDR-TB (n=463)

3

Cases (n=37)

Controls (n=111)

Fig. 1. Study profile of PWH with MRD-TB (cases) versus without MDR-TB (controls) in a 1:3 ratio.

(OR: 0.42; 95 % CI: 0.11-1.19) and extrapulmonary TB (OR: 0.34; 95 %
CI: 0.05-1.32) also showed a trend toward lower odds of MDR-TB
compared to bacteriologically confirmed pulmonary TB, though these
associations were not statistically significant.

In the adjusted analysis, retreatment TB remained as the only inde-
pendent and statistically significant factor associated with MDR-TB
(adjusted OR [aOR]: 6.39; 95 % CI: 2.23-19.65).

Other factors, including male sex (aOR: 1.59; 95 % CI: 0.67-3.93),
clinically diagnosed pulmonary TB (aOR: 0.38; 95 % CIL: 0.10-1.23),
extrapulmonary TB (aOR: 0.37; 95 % CI: 0.05-1.62), and recent ART
initiation (aOR: 2.07; 95 % CI: 0.83-5.28), showed non-significant as-
sociations with MDR-TB. The adjusted model was parsimonious and
demonstrated the best fit, with the lowest Akaike Information Criterion
(AIC) of 160.1. It showed good discriminatory ability, with a C-statistic
(area under the curve, AUC) of 73.6 %. The Hosmer-Lemeshow good-
ness-of-fit test indicated adequate model specification, as the null hy-
pothesis of correct model specification was not rejected (Chi-square =
5.66, df = 8, P = 0.685).

3.4. Drug resistance patterns among PWH and MDR-TB at SRRH

Rifampicin and isoniazid both showed the highest resistance rates of
100 %, highlighting them as the most commonly resisted first-line anti-
TB drugs. Both Streptomycin and Ethambutol showed resistance rates of
8 %. Susceptibility was 32.4 % for Ethambutol and Amikacin, and 27.0
% for Cycloserine (Supplementary Table 1).

4. Discussion

Our study, which exclusively involved PWH, reveals that PWH with a
history of previous TB treatment (retreatment TB), namely those clas-
sified as treatment failure, relapse, or lost to follow-up, were signifi-
cantly more likely to develop MDR-TB compared to those who were
newly diagnosed with TB or had no prior TB treatment. Our result agrees
with a systematic review and meta-analysis of global TB data [14] and
observational studies in Uganda [15], Kenya [16], Ethiopia [17-19], the
Central African Republic [20], Cameroon [21], Nepal [22], and China
[23], among others. Retreatment TB is also a risk factor for rifampicin
resistance, one of the cornerstone drugs used in TB treatment [24]. This
finding emphasizes the central role of previous TB treatment outcomes
in shaping the risk of drug resistance among PWH. From a programmatic

perspective, this finding highlights systemic challenges in the manage-
ment of TB among PWH. Retreatment TB is a well-documented risk
factor for MDR-TB, yet access to drug susceptibility testing (DST) using
GeneXpert MTB/RIF before initiation of TB treatment remains subop-
timal in many high-burden settings. In rural eastern Uganda, where this
study was conducted, a previous study reported that just 30 % of people
with retreatment TB received GeneXpert MTB/RIF testing [25], which is
low. Inadequacies in integrated TB and HIV care may also be another
plausible reason, leading to fragmented care, poor retention, and missed
opportunities for timely diagnosis and effective treatment of drug-
resistant TB. Furthermore, retreatment cases are often managed
empirically, which risks the use of ineffective regimens if resistance is
not promptly detected. Our findings suggest that retreatment TB should
serve as a strong clinical indicator for MDR-TB risk in PWH. Program-
matically, GeneXpert MTB/RIF should be implemented as the primary
diagnostic test for people with presumed TB to enable rapid detection of
drug resistance and timely initiation of appropriate therapy for people
with MDR-TB. Additionally, GeneXpert MTB/RIF testing should be
routinely offered to all people undergoing retreatment for TB as part of
MDR-TB surveillance, to promptly identify drug resistance and guide
appropriate management.

Although not statistically significant, we observed a U-shaped asso-
ciation between age groups and the likelihood of MDR-TB. Compared to
individuals aged < 24 years, the likelihood of MDR-TB was highest
among individuals aged 25-34 years, declined slightly among those
aged 35-44 years, and peaked again among individuals aged > 45 years.
A study in Lesotho found that individuals aged > 26 years had a lower
likelihood of MDR-TB compared to those aged < 26 years [26], in
contrast to our findings.

A study in Kenya also reported that older age was associated with an
increased likelihood of MDR-TB among presumptive TB patients [16],
which contrasts with our findings. Additionally, the Global Burden of
Disease data (1990-2021) show that the burden of MDR-TB is highest
among older populations and individuals in lower socioeconomic re-
gions [27], with risk factors varying substantially across regions and age
groups. This discrepancy may be due to differences in study populations;
while our study focused exclusively on PWH, who are at a higher risk of
MDR-TB, the previous studies included both individuals with and
without HIV.

This study found that men tended to have a higher likelihood of
MDR-TB than women, although the association was not statistically
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Table 1
Distribution of socio-demographic and clinical factors by MDR-TB status among
PWH at the Soroti Regional Referral Hospital.

Variables Levels Controls Cases P-
(n=111) (n= value
37)
Age group (years) <24 10 (9.0) 3(8.1) 0.607
25-34 26 (23.4) 8 (21.6)
35-44 40 (36.0) 10
(27.0)
45 and over 35 (31.5) 16
(43.2)
Mean (standard 40.0 (12.5) 41.2 0.589
deviation) (11.4)
Sex Female 53 (47.7) 11 0.085
(29.7)
Male 58 (52.3) 26
(70.3)
Baseline weight Mean (Standard 50.8 (11.3) 54.1 0.121
(kgs) deviation) (10.1)
Time of TB Before COVID-19 35 (31.5) 6 (16.2) 0.164
diagnosis
During COVID-19 29 (26.1) 10
(27.0)
After COVID-19 47 (42.3) 21
(56.8)
TB disease type BC-PTB 74 (66.7) 31 0.137
(83.8)
CD-PTB 23 (20.7) 4(10.8)
EPTB 14 (12.6) 2(5.4)
Types of persons Newly diagnosed 103 (92.8) 24 <0.001
with TB with TB (64.9)
Retreatment TB 8(7.2) 13
(35.1)
ART treatment Known to have HIV, 76 (68.5) 22 0.422
history at the been on ART (59.5)
time of TB
diagnosis
Newly diagnosed 35 (31.5) 15
with HIV, recently (40.5)
started on ART
Household TB No 14 (12.6) 2(5.4) 0.359
contact
Yes 97 (87.4) 35
(94.6)

Note: ART: Anti-retroviral Therapy; BC-PTB: Bacteriologically confirmed pul-
monary TB; CD-PTB: Clinically diagnosed pulmonary TB; COVID-19: Corona-
virus Disease 2019; EPTB: Extrapulmonary TB.

significant. This finding agrees with previous studies in Nigeria [28] and
the Central African Republic [20]. Our findings may be explained by a
greater risk of TB disease in men, including the presence of several risk
factors for multidrug- or rifampicin-resistant TB that are more prevalent.
Resultantly, male individuals with TB may face a higher risk of MDR/
RR-TB than their female counterparts [29].

The risk of MDR-TB appeared higher during and after the COVID-19
pandemic compared to the pre-pandemic period, although the differ-
ences were not statistically significant. This trend may reflect pandemic-
related disruptions in TB and HIV services, including reduced access to
diagnosis and treatment [30-32], which extended into the recovery
period. However, these findings should be interpreted with caution,
given their unadjusted and non-significant nature.

5. Strengths and limitations

Our study exclusively focused on PWH and the factors associated
with MDR-TB, compared to previous studies, hence eliminating the
confounding effect of HIV through specification or restriction. The
findings, therefore, provide evidence for targeted interventions among
PWH. The study had some limitations. It was conducted in a predomi-
nantly rural setting, so the findings may not apply to PWH in urban areas
due to varying socioeconomic profiles. The study also relied on existing
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Table 2
Risk factors for MDR-TB among PWH at the Soroti Regional Referral Hospital.
Variables Levels Unadjusted Adjusted
analysis analysis
OR (95 % CI) OR (95 % CI)
Age categories <24 1 1
(years)
25-34 1.03 1.28
(0.24-5.39) (0.24-8.15)
35-44 0.83 1.21
(0.21-4.22) (0.25-7.38)
45 and over 1.52 2.68
(0.40-7.48) (0.55-16.71)
Mean (standard 1.01
deviation) (0.98-1.04)
Sex Female 1 1
Male 2.16 1.59
(0.99-4.95) (0.67-3.93)
TB disease BC-PTB 1 1
type
CD-PTB 0.42 0.38
(0.11-1.19) (0.10-1.23)
EPTB 0.34 0.37
(0.05-1.32) (0.05-1.62)
TB treatment Newly diagnosed with TB 1 1
history
Retreatment TB 6.97%** 6.39%*
(2.65-19.46) (2.23-19.65)
ART treatment Known to have HIV, been 1 1
history on ART
Newly diagnosed with 1.48 2.07
HIV, recently started on (0.68-3.18) (0.83-5.28)
ART
Household TB No 1
contact
Yes 2.53
(0.66-16.60)
Time of TB Before COVID-19 1
diagnosis
During COVID-19 2.61
(1.00-7.71)
After COVID-19 2.01
(0.67-6.54)

Note: ART: Anti-retroviral Therapy; BC-PTB: Bacteriologically confirmed pul-
monary TB; CD-PTB: Clinically diagnosed pulmonary TB; COVID-19: Corona-
virus Disease 2019; EPTB: Extrapulmonary TB; Statistical significance at 5 %
level: *P < 0.05; ***P < 0.001; Bolded figures indicated significant results.

medical records, which may be incomplete or contain inaccuracies.
While the design is suitable for studying rare outcomes, the relatively
small sample of people with MDR-TB may have limited the statistical
power to detect associations with other risk factors. Future research with
larger samples or pooled multi-site data is needed to validate and
strengthen these findings. Moreover, our study included only PWH
tested with GeneXpert MTB/RIF, which may have underestimated the
true MDR-TB burden and limited the generalizability of the findings.
Unmeasured confounders such as CD4 count, viral load, socio-
economic status, and treatment adherence may have influenced the re-
sults and should be considered when interpreting the findings. The lack
of qualitative data on the perspectives of PWTB and healthcare providers
regarding MDR-TB should also be considered as a potential limitation.
These limitations should be considered when interpreting the results.

6. Conclusion and recommendation

Our study showed that retreatment TB is associated with a higher
likelihood of MDR-TB among PWH at Soroti Regional Referral Hospital
in rural eastern Uganda. Targeted interventions for patients with
retreatment TB, including early resistance testing and tailored adher-
ence support, are essential to reduce the burden of MDR-TB among PWH
in rural eastern Uganda and similar settings.
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