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Abstract

Background

Multidrug-resistant tuberculosis (MDR-TB) remains a public health emergency and a threat
globally. Although increasing MDR-TB cases have been recently reported in Somalia, lim-
ited information is known. This study aims to determine the prevalence of drug-susceptible
and MDR-TB in suspected patients referred to the TB Department in Mudug Hospital, Galk-
ayo, Somalia, and identify potential factors associated with MDR-TB.

Methods

A 3-year hospital laboratory-based retrospective study was conducted by manually review-
ing laboratory records of Mycobacterium tuberculosis specimens and GeneXpert MTB/RIF
results from January 2019 to December 2021 at the reference mycobacteria laboratory
department in Mudug Hospital.

Results

A total of 714 positive GeneXpert-MTB results were identified: 619 (86.7%) were drug sus-
ceptible (no Rifampin resistance [RR] detected) and 95 (13.3%) with RR detected or defined
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as MDR-TB. Most of the MDR-TB patients were males (71.6%, 68/95) and between the
ages of 15 to 24 (31.6%, 30/95). Most isolates were collected in 2021 (43.2%, 41/95). Multi-
variate analyses show no significant difference between patients having MDR-TB and/or
drug-susceptible TB for all variables.

Conclusion

This study showed an alarming frequency of MDR-TB cases among M. tuberculosis-positive
patients at a regional TB reference laboratory in central Somalia.

Introduction

Multidrug-Resistant tuberculosis (MDR-TB) has become a global public health concern, with
an estimated 450,000 cases worldwide and a mortality rate higher than cancer [1]. Globally,
MDR-TB is responsible for about one-third of all deaths related to antimicrobial resistance [2].
The World Health Organization (WHO) has classified Somalia as a high multidrug-resistant
tuberculosis (MDR-TB) burden country [1, 3, 4]. In 2021, Somalia reported an incidence of
43,000 (27,000-62,000) TB cases with a rate of 250 (158-362) per 100,000 population. The
MDR-TB incidence in Somalia was 11,000 (6,500-17,000) with a rate of 12 (0.66-24) per
100,000. The MDR-TB is defined as drug resistance to both rifampicin (RIF) and isoniazid
(INH) [1]. WHO also defines individuals with RIF resistance (RR) detected by Gene-Xpert
MTB/RIF assay as MDR-TB [1]. In 2021, Somalia reported RIF testing for 62% of the bacterio
logically confirmed new TB cases and only 39% of the previously treated cases, with 319 labo-
ratories confirmed for MDR-TB and/or RR-TB [4]. Regionally, knowing the clinical
epidemiology and risk factors for MDR-TB when evaluating individuals for TB is essential.
Accordingly, this study aimed to determine the prevalence of drug-susceptible and MDR-TB
in suspected patients referred to the TB Department in Mudug Hospital, Galkayo, Somalia,
and identify potential factors associated with MDR-TB.

Material and methods

Study design

A hospital laboratory-based study was conducted at the Mudug Hospital in Galkayo, the cen-
tral region of Somalia. The Hospital has 250 hospital beds with approximately 4,000 inpatient
admissions and 21,000 outpatient visits a year and services a catchment area of 60,000 kilome-
ters. In addition to providing general medical services to the community, the hospital also pro-
vides specialized TB services, including treatment, isolation, and laboratory diagnosis. The
Hospital is also the primary referral center for refugees, asylum-seekers, and internally dis-
placed people (IDPs) in the region and neighborhood regions.

The Mudug Hospital Mycobacteria Laboratory is the one of the main reference laboratories
for Mycobacterium tuberculosis in the country and is the only laboratory in the central region
of Somalia. We conducted a retrospective study evaluating all laboratory M. tuberculosis rec-
ords from 2019 to 2021. Sputum samples were collected using a spot-morning-spot strategy.
The samples were examined using the standard Ziehl-Neelsen (ZN) acid-fast bacilli (AFB)
staining technique. The Gene-Xpert MTB/RIF (Cepheid, Sunnyvale, CA) assay was performed
on all AFB smear positives specimens. Following WHO guidance, individuals with RR
detected by Gene-Xpert MTB/RIF assay were classified as MDR-TB [5], and no RR detected
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were classified as drug-susceptible TB. The laboratory does not offer M. tuberculosis culture or
drug susceptibility testing.

Data collection and analyses

All patients with a TB diagnosis recorded in the Hospital Laboratory for the treatment of TB
from 2019 to 2021 were included. Incomplete demographic data and/or negative M. tuberculo-
sis test data were excluded from this study (Fig 1).

Demographic, clinical, and laboratory data, such as age, gender, and GeneXpert results,
were extracted from the TB laboratory records and transferred to the Microsoft Excel spread-
sheet 2021. Two people cross-checked each entry independently to ensure the quality of
entered data. Age was categorized into standard age groups (<15, 15-24, 25-34, 35-44, 45-54,
55-64, > 65), and (Young <18 years vs. Old >18 years), year were categorized into pre-covid
(2019), and in-covid (2020, and 2021), and regions were also categorized into (Central regions
and non-central regions). Cleaned data analyses were performed using SPSS Statistics software
(IBM Corp, Armonk, NY, USA, version 26). Descriptive statistics were performed and
reported as tables. The chi-square test was used to determine the association between putative
independent factors and MDR-TB, and results were considered significant when p < 0.05.

Ethical approval

Institutional ethical permission was obtained from the Research Committee of East Africa
University, Somalia (EAU: 10984). The Department of TB, Mudug General Hospital, informed
consent was waived because of the retrospective study design.

Patients evaluated for TB

(N=1,208)
Records screened. ————» | Excluded due to negative M.
(n=1,208) tuberculosis tests (n = 494)

!

Patients with TB in final
analysis (n = 714)

\4

v

Drug susceptible TB
Patients (n = 619)

MDR-TB patients (n = 95)

Fig 1. Flow chart for evaluation of patients with tuberculosis.

https://doi.org/10.1371/journal.pgph.0002319.9001
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Results
Characteristics of the MDR-TB patients

A total of 1,208 samples were collected in the laboratory. Excluding negative M. tuberculosis
tests and duplicate patients, 714 unique individuals were identified with positive M. tuberculo-
sis samples with GeneXpert results. A total of 66.8% were male with a mean age of 34.3, median
of 28.0, and range of 1 to 90 years, and 33.2% were female with a mean age of 34.7, median of
30.0, and range of 1 to 80 years of age. Of the 619 drug-susceptible TB (GeneXpert M. tubercu-
losis detected, no RR detected), 72.7% were male, and 28.3% (175/619) were between the ages
of 15 to 24 years.

A total of 205 cases in 2020 and 203 cases in 2021 were recorded. GeneXpert RR was
detected in 13.3% (95/714; 95% CI: 10.9-16.1%): The majority, 68/95 (71.6%, 95% CI: 61.4-
80.4%) were males, 30/95 (31.6%, 95% CI: 22.1-41.9%) were in the age group of 15-24 years,
and 41/95 (43.2%; 95% CI: 33.0-53.7%) were collected in the year 2021 (Table 1). All 12
regions reported drug-susceptible TB cases (ranging from 1 to 399). All 12 regions reported
drug-susceptible TB cases (ranging from 1 to 399). Four of the 12 regions had 1 to 41 MDR/
RR-TB cases. Table 1 shows comparison and distribution of age, gender, years, and region for
drug susceptible and drug resistant tuberculosis patients.

Table 2 summarizes the factors associated with drug susceptibility and MDR/RR-TB. Fac-
tors such as gender, age (young vs. old), and region (central regions vs. non-central regions)
were evaluated, and significant differences were found between having MDR/RR-TB and/or
drug susceptibility for age (p = 0.05) and regions (p = 0.002), while no significant differences
for gender or year were found.

Table 1. Comparison between drug susceptible and drug resistant tuberculosis patients.

Variable

Gender Male
Female

Age <15
15-24
25-34
35-44
45-54
55-64
>65

Year 2019
2020
2021

Regions Benadir
Galgadud
Mudug
Bari
Nugal
Somali region
Others

Total
N=714

518
196
64
205
167
102
51
59
66
241
229
244
18
21
440
37
61
126
11

Drug susceptible- tuberculosis n = 619 (%) Multi-drug resistant- tuberculosis n = 95 (%)
450 (73%) 68 (68%)
169 (27%) 27 (28%)
59 (9.5%) 5(5.2%)
175 (85.4%) 30 (14.6%)
145 (86.8%) 22 (13.2%)
88 (86.3%) 14 (137%)
44 (86.3%) 7 (13.7%)
50 (84.7%) 9 (15.3%)
58 (87.9%) 8 (12.1%)
211 (87.6%) 30 (12.4%)
205 (89.5%) 24 (10.5%)
203 (83.2%) 41 (16.8%)
18 (100%) 0

15 (71.4%) 6 (28.6%)
399 (90.7%) 41 (9.3%)
12 (32.4%) 25 (67.6%)
39 (63.9%) 22 (36.1%)
125 (99.2%) 1(0.8%)
11 (100%) 0

Note: Others: Regions with less than 5 admitted patients.

https://doi.org/10.1371/journal.pgph.0002319.t001
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Table 2. Factors associated with multi-drug resistant (Rifampin resistant) TB and drug susceptibility.

Variable Drug susceptible n = 619 Drug resistant n = 95
prevalence (%) P-value OR 95%CI: prevalence (%) P-value OR 95%CI:

Gender Male 450 (73%) 0.91 (32 0.05) 1.1 (0.7-1.7) 68 (71.6%) 0.9 (32 0.05) 0.9 (0.6-1.5)
Female 169 (27%) Ref 27 (28.4%) Ref

Age Old 518 (83.7%) 0.05 (%2 3.97) 0.5 (0.2-1.0)) 87 (91.6%) 0.05 (%2 3.97) 2.1(0.9-4.5)
Young 101 (16.3%) Ref 8 (8.4%) Ref

Year In-covid 19 408 (65.9%) 0.72 (32 0.23) 0.9 (0.6-1.4)) 65 (68.4%) 0.72 (%2 0.23) 1.1 (0.7-1.8)
Pre-covid 19 211 (34.1%) Ref 30 (31.6%) Ref

Regions Central regions 414 (66.9%) 0.002 (%2 10.9) 2.1(1.3-3.2) 47 (49.5%) 0.002 (%2 10.9) 0.5 (0.3-0.7)
Non-central regions 205 (33.1%) Ref 48 (50.5%) Ref

Abbreviation OR: Odds Ratio, CI: Confidence interval, x2: Chi-square.

https://doi.org/10.1371/journal.pgph.0002319.t002

Discussion

Identifying potential risk factors for MDR-TB in a country with a high prevalence of
MDR-TB, like Somalia, is essential for TB programs and clinicians. There is limited data from
Somalia, and this study provided a three-year review of drug susceptibility and MDR-TB at a
reference TB lab in central Somalia. Similar to other studies, more men than women developed
MDR-TB in Somalia [5-7]. This is possibly attributed to the fact that men are more likely to
consume more tobacco and alcohol, as well as employment outside the home, compared to
women, which might also increase their risk of developing TB [8, 9]. Primary MDR-TB is
acquired, whereas secondary MDR-TB can develop during treatment. Unfortunately, we do
not have a prior history of TB in these patients, which may account for the increased drug
resistance.

The higher infection rate recorded in patients between 15-24 years old observed in our
study is contrary to the results of other previous studies [7, 10, 11]. This variance-related age
could result from geographical and socio-economic factors affecting age. The median age of
Somalia is 16 [12]. The potential exposure chances for this age group may be more frequent
for study, work, or other social activities. When we dichotomize age into young vs. old, it
shows old age is 2.1 times more likely to get MDR than young age.

The COVID-19 pandemic has disrupted routine clinical and public services such as TB care
and management. Globally, a decrease in TB cases was reported in 2020 compared to 2021.
For Somalia, the WHO reported TB cases for 2019, 2020, and 2021 were 17,000, 17.200, and
17,503, respectively, and for MDR-TB was 299 in 2021 [13]. Our study for central Somalia fol-
lowed a similar trend, with a decrease in the number of cases in 2020. Alarmingly, the total
number of MDR-TB cases was much higher in 2021 compared to 2019 (41 vs. 30).

The overall prevalence of MDR-TB in this study was 9.3% (95/714; 95%). This was compa-
rable to a survey from Somalia reported by Sindani et al. (2013) [8], with a prevalence of 8.9%
from 2010-2011. Still, our MDR-TB prevalence was lower than the 51% reported by Guled
etal. (2016) [9] from Mogadishu. Other differences besides regional could be attributed to fac-
tors such as underlying lung disease, tobacco use, social determinants of health, and socioeco-
nomic characteristics that we did not collect. Regional differences were seen for both drug-
susceptible and drug-resistant TB. As expected, more TB cases were reported in the larger cit-
ies with a higher population, such as Mudug and Somali regions. Interestingly, more MDR-TB
than drug-susceptible TB was reported in the Bari region (25 vs. 12). Further investigation and
contact investigation should be conducted to determine the potential for an outbreak.
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The laboratory diagnosis of MDR-TB was performed mainly by GeneXpert. The rapid
molecular detection of TB and RR-TB has allowed for early treatment and response. However,
testing and identifying INH drug resistance is essential when treating drug-susceptible TB.
Without knowing INH drug resistance, after the 2-month initiation phase with four drugs
(INH, RIF, pyrazinamide, and ethambutol), patients are de-escalated to continuation phase
with INH and RIF for four more months. And if INH resistance is present, then the patient is
only being treated with RIF, leading to increase resistance and MDR-TB development.
Strengthening laboratory capacity is critical in the efforts toward the elimination of TB.

This study’s major limitation was the use of secondary data. We could not access the full
patient information or prospectively enquire regarding TB risk factors. Important clinical fac-
tors include HIV, diabetes, and other co-morbidities, history of prior TB, and contacts with
other individuals with TB. Other limitation includes laboratory studies that were limited to
GeneXpert results only. We do not know if the patient records were missing additional mono-
resistance or poly-resistance. We also do not have the patient follow-up or treatment out-
comes. These are all critical information to assist public health TB programs to improve pre-
vention, diagnosis, treatment, and management.

Conclusion and recommendation

In conclusion, this study has shown an increased incidence of MDR-TB among TB-positive
patients at the Regional TB Reference Laboratory in central Somalia. Further evaluations into
risk factors and reasons for the regional increase in TB and MDR-TB need to be evaluated to
identify any potential outbreaks. Since the Somali community has strong migrant ties, that
could have spread MDR-TB more quickly. Early detection of MDR-TB is a critical component
of TB elimination programs. Therefore, we recommended that priority be given to strengthen-
ing public health surveillance and reference laboratory capacities to improve drug-resistant,
MDR, pre-XDR, and XDR-TB diagnosis. Further, we recommend a large prospective multi-
center study to evaluate possible clinical factors related to MDR-TB.
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