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Abstract

Introduction: HIV/tuberculosis (HIV/TB) co-infection remains a major pub-
lic health issue in countries with a high tuberculosis burden. The emergence
of Mycobacterium tuberculosis strains resistant to anti-tuberculosis drugs fur-
ther complicates the management of co-infected patients, particularly among
immunocompromised individuals. This study aimed to detect the mutations
in gene associated with multidrug resistance in Mycobacterium tuberculosis
among HIV/TB co-infected patients in N'Djamena. Methodology: A descrip-
tive and analytical cross-sectional study was conducted among HIV/TB co-
infected patients followed in treatment centers (APMS and CHU-ATC) in
N’Djamena. Sputum samples were analyzed at the IRED and National Refer-
ence Laboratory/PNT using molecular techniques: Xpert MTB/RIF for the de-
tection of mutations associated with rifampicin resistance and Xpert MTB/
XDR for the detection of mutations associated with multidrug resistance (iso-
niazid, fluoroquinolones, etc.). Data were analyzed using SPSS version 26. Re-
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sults: A total of 97 HIV/TB co-infected patients were included in the study.
The majority of patients were male, with a predominance of the 25 - 35 years
age group. Rifampicin resistance was observed in 4.12% of patients, while re-
sistance to isoniazid and fluoroquinolones was 9.27% and 2.06%, respectively.
Regarding resistance profiles, rifampicin monoresistance accounted for 1.03%,
isoniazid monoresistance for 6.18%, and fluoroquinolone monoresistance for
1.03%. Multidrug-resistant tuberculosis, defined as simultaneous resistance to
rifampicin and isoniazid, was found in 3.09% of HIV/TB co-infected patients.
Among these, one sample showed additional fluoroquinolone resistance mu-
tations (gyrA and gyrB), corresponding to pre-XDR TB (1.03%). Conclusion:
This study highlights a non-negligible frequency of multidrug resistance to
anti-tuberculosis drugs among HIV/TB co-infected patients in N’Djamena.
These findings emphasize the importance of rapid molecular diagnosis to im-
prove therapeutic management and limit the spread of resistant Mycobacte-
rium tuberculosis strains in Chad.
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1. Introduction

Tuberculosis (TB) remains a major global public health problem, particularly in
low-resource countries, where it is often aggravated by co-infection with the hu-
man immunodeficiency virus (HIV). HIV-induced immunosuppression worsens
the clinical prognosis and complicates therapeutic management [1].

Despite progress achieved in diagnosis and treatment, the increasing incidence
of drug-resistant tuberculosis seriously compromises treatment success. In a wor-
rying evolving dynamic, inadequate patient management, treatment interruption,
direct transmission of resistant strains, or spontaneous genetic mutations in my-
cobacteria (particularly in the katG and rpoB genes) may lead to a worsening re-
sistance profile [2]. Consequently, increasingly complex resistant strains of Ay-
cobacterium tuberculosis, particularly multidrug-resistant tuberculosis (MDR-
TB), are emerging worldwide [3].

MDR-TB is defined as an infection caused by a mycobacterium belonging to
the Mycobacterium tuberculosis complex that is resistant to at least isoniazid and
rifampicin, the two most powerful first-line anti-tuberculosis drugs [2] [4]. In
2018, the World Health Organization (WHO) estimated that approximately half
a million new cases of rifampicin-resistant TB occurred worldwide, of which 78%
were MDR-TB cases, highlighting rifampicin resistance as a poor prognostic fac-
tor [4] [5].

According to the WHO in 2024, approximately 57,000 people in the African

region developed multidrug-resistant or rifampicin-resistant tuberculosis, repre-
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senting 15% of the global burden [6]. Chad is not spared from this burden, where
the rate of drug-resistant tuberculosis in the general population remains signifi-
cant [7]. The incidence of multidrug-resistant/rifampicin-resistant tuberculosis
(MDR/RR-TB) is estimated at 2.4 cases per 100,000 inhabitants, corresponding to
approximately 420 estimated MDR-TB cases. The proportion of MDR-TB is esti-
mated at 1.5% among new cases and 3.7% among previously treated cases [8].
According to the National Tuberculosis Control Program (PNT), the number of
laboratory-confirmed drug-resistant TB cases does not reach half of the expected
cases [9].

Among people living with HIV (PLHIV), the management of MDR-TB is even
more complex due to the combined challenges associated with immunosuppres-
sion. Early identification of MDR-TB cases among PLHIV, adaptation of thera-
peutic strategies, and control of disease transmission remain constant concerns
for clinicians [4] [5].

However, despite the strong interaction between HIV and tuberculosis, specific
data on multidrug resistance among HIV/TB co-infected patients remain limited.
Several studies have highlighted that fewer than half of sub-Saharan African coun-
tries have reliable data on multidrug-resistant TB, reflecting a substantial gap in
surveillance and research [10].

In the Chadian context, where the dual burden of tuberculosis and HIV remains
high [11] [12], epidemiological data on multidrug-resistant tuberculosis among
HIV/TB co-infected patients are particularly scarce or even nonexistent at the na-
tional level, despite the National Tuberculosis Control Program’s recommenda-
tion to use Xpert MTB/RIF in all sites equipped with GeneXpert devices [13] [9].
This gap constitutes a major obstacle to the development of appropriate manage-
ment strategies. Therefore, the present study aimed to detect the mutations in
genes associated with multidrug resistance to anti-tuberculosis drugs in the My-
cobacterium tuberculosis complex among HIV/TB co-infected patients in N’Dja-

mena, Chad.

2. Methods
2.1. Study Setting

This was a cross-sectional, prospective, and analytical study conducted from De-
cember 2024 to November 2025 among people living with HIV (PLHIV) followed
in two HIV care centers: the Centre d’Appui Psycho-Médico-Social (APMS) and
the Centre Hospitalier Universitaire de I’Amitié Tchad-Chine (CHU-ATC) in
N’Djamena. Sample analyses were performed at the laboratory of the Institut de
Recherche en Elevage pour le Développement (IRED) and at the Laboratoire Na-
tional de Reference, Programme National de lutte contre la Tuberculose (LNR/
PNT), in N’'Djamena.

2.2. Study Population

The study population consisted of HIV/TB co-infected patients of all ages and
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both sexes consecutively admitted to the study sites during the study period.

2.3. Participant Recruitment Procedure

Participants were consecutively recruited between December 2024 and November
2025 from the two HIV care centers included in the study (APMS and CHU-ATC
in N’Djamena). All people living with HIV who presented with clinical or micro-
biological suspicion of pulmonary tuberculosis during the study period were sys-
tematically assessed for eligibility.

The diagnosis of pulmonary tuberculosis was confirmed by the detection of the
Mpycobacterium tuberculosis complex in sputum samples using the Xpert MTB/
RIF assay. Only patients with bacteriologically confirmed HIV/pulmonary tuber-
culosis co-infection who met the inclusion criteria were enrolled in the study.

A total of 530 patients were screened for eligibility. Of these, 433 were excluded
because they did not have bacteriologically confirmed pulmonary tuberculosis
and/or did not meet the inclusion criteria. Ultimately, 97 participants met the el-
igibility criteria and were included in the final analysis.

When an Xpert MTB/RIF or Xpert MTB/XDR result was invalid, indetermi-
nate, or associated with a technical error, the test was repeated using the same
specimen whenever possible. Only valid results obtained after repeat testing were

retained for the final analysis.

2.4. Inclusion Criteria

Patients with confirmed HIV/TB co-infection who provided free and informed

consent were systematically included in the study.

2.5. Exclusion Criteria

HIV/TB co-infected patients who did not provide consent were not included in
the study. Patients already screened and/or registered during the study period
were not re-included in order to avoid duplication of data.

2.6. Variables

The variables recorded in the data collection form for co-infected patients in-

cluded sociodemographic characteristics such as age, sex, and marital status.

2.7. Sampling Procedure

Sample collection involved sputum and blood specimens from PLHIV included
in the study. Sociodemographic information and co-infection data were recorded
using a pre-established technical form. Sputum samples were collected from each
patient for the detection of Acid-Fast Bacilli (AFB). All sputum samples positive
by microscopy were subsequently analyzed to confirm tuberculosis diagnosis and
detect the rpoB gene associated with rifampicin resistance using the GeneXpert
MTB/RIF molecular technology. Thereafter, the Xpert MTB/XDR assay was used

for the detection of multidrug-resistant tuberculosis (MDR-TB). To ensure ano-
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nymity, samples were identified using codes such as E1, E2, E3... E(n).

2.8. Laboratory Analysis
2.8.1. Diagnosis of HIV Infection

Serological diagnosis of HIV infection was performed according to the Chadian
national algorithm, based on WHO strategy 2, involving three sequential rapid
tests: Determine HIV-1/2, SD Bioline HIV-1/2 3.0, and CHEMBIO HIV-1/2
STAT-PAK.

The Determine HIV-1/2 test was used for the qualitative detection of anti-HIV-
1 and HIV-2 antibodies. Samples positive with Determine HIV-1/2 were further
tested using SD Bioline HIV-1/2 3.0 to differentiate HIV types (HIV-1, HIV-2, or
HIV-1/2). Positive results from the second test were confirmed using CHEMBIO
HIV-1/2 STAT-PAK. All procedures were strictly performed according to the

manufacturer’s recommendations.

2.8.2. Determination of CD4 T Lymphocyte Count

CD4 count quantification was performed using the VISITECT® CD4 Advanced
Disease rapid test. The VISITECT CD4 Advanced Disease Rapid Test is an immu-
nochromatographic and manually operated semi-quantitative assay used for the
estimation of CD4 protein expression on the surface of CD4+ T cells in human
whole blood (capillary or EDTA venous blood), indicating whether the CD4 level
is above or below 200 cells/uL in previously diagnosed HIV patients.

2.8.3. Diagnosis of Tuberculosis Infection

Microscopic Examination of Sputum: Microscopic examination was performed
on smears prepared from sputum samples. Detection of AFB was carried out using
Ziehl-Neelsen staining [14].

All sputum samples that tested positive by smear microscopy were selected for
molecular detection of drug resistance-associated mutations using the GeneXpert
platform.

Decontamination Procedure: All sputum samples were decontaminated using
the Kubica method [15]. This method involves the use of a sterile solution con-
taining 4% sodium hydroxide (NaOH) and 2.9% sodium citrate, followed by 0.5%
N-acetyl-L-cysteine as a decontaminating agent and phosphate buffer (pH 6.8) as
a washing solution. Decontamination helps eliminate or reduce contaminating
microorganisms present in the sample, thereby enabling reliable microbiological
analysis and detection of tuberculosis bacilli. The presence of Acid-Fast Bacilli
(AFB) was confirmed after Ziehl-Neelsen staining of smears prepared from cul-
ture colonies.

Molecular Diagnosis of Anti-Tuberculosis Drug Resistance: All sputum sam-
ples with positive smear microscopy were selected for molecular analysis of re-
sistance mutations using GeneXpert technology [15]. This is an automated car-
tridge-based test integrating DNA extraction and real-time polymerase chain re-

action (PCR) amplification performed on the GeneXpert platform. The test allows
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detection of Mycobacterium tuberculosis complex DNA in raw sputum or con-
centrated sediments prepared from spontaneous or induced sputum samples. In
samples where the Mycobacterium tuberculosis complex (MTB complex) was de-
tected, the Xpert MTB/RIF assay also identified mutations associated with rifam-
picin resistance in the rpoB gene. The results indicated the presence or absence of
Mpycobacterium tuberculosis complex, the presence or absence of rifampicin re-
sistance, and a semi-quantitative estimation of bacillary load (high, medium, low,
or very low). Negative tests for M. tuberculosis associated with internal control
failure were considered invalid [16] [17].

For the molecular diagnosis of multidrug-resistant tuberculosis, the Xpert
MTB/XDR assay was used. The Xpert MTB/XDR assay, performed on the Gen-
eXpert Instrument Systems, is a nested real-time polymerase chain reaction (PCR)
in vitro diagnostic test for the detection of extensively drug-resistant (XDR) My-
cobacterium tuberculosis complex DNA in unprocessed sputum samples, concen-
trated sediments prepared from sputum, or BD™ Mycobacterial Growth Indicator
Tube (MGIT™) culture. In specimens where MTB is detected, the assay can also
identify mutations associated with resistance to isoniazid (INH) in the katG and
1abG1 genes, the oxyR-ahpC intergenic region, and the inAA promoter; ethiona-
mide (ETH) resistance associated with inAA promoter mutations only; fluoro-
quinolone (FLQ) resistance associated with mutations in the gyrA and gyrB quin-
olone resistance-determining regions (QRDR); and second-line injectable drug
(SLID) resistance involving amikacin (AMK), kanamycin (KAN), or capreomy-
cin (CAP), associated with mutations in the rzs gene and the eis promoter region
[18].

2.9. Statistical Data Analysis

Data collected from the survey forms were compiled and entered into Microsoft
Excel spreadsheets and subsequently analyzed using IBM SPSS version 26 soft-

ware.

2.10. Ethical Considerations

Each participant was informed about the nature, objectives, and importance of the
study. Free and informed consent was obtained either orally or in writing, and
confidentiality of the data was strictly maintained. Biomedical analyses were per-
formed free of charge, and results were processed anonymously. The study re-
ceived approval from the National Bioethics Committee of Chad (Ref: No. 063/
MESRSFP/SE/SG/CNBT/SG/2025) and authorization from the competent health
authorities (Authorization from the Ministry of Public Health: Ref No. 0403/
MSP/SE/SG/BACS/2025).

3. Results
3.1. Sociodemographic Characteristics of Study Participants

A total of 530 HIV-positive patients were recruited during the study period, of
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whom 97 were co-infected with HIV/TB, corresponding to a prevalence of 18.3%.
Among the 97 HIV/TB co-infected patients included in this study, 61 (62.9%)
were male and 36 (37.1%) were female. The mean age of the patients was 38 years,
with extremes ranging from 14 to 62 years. Most patients were married (46;
47.4%), followed by single individuals (29; 29.9%). In our study, 31.9% of coin-
fected patients had a CD4 count below 200 at enrollment (Table 1).

Table 1. Sociodemographic characteristics and clinical variables of study participants (N = 97).

Characteristics VIH/TB (N) Frequency (%)
Sexe
Homme 61 62.9%
Femme 36 37.1%
Age group
[00 - 18] 2 2.1%
[18 - 25] 14 14.4%
[25 - 35] 35 36.1%
[35 - 45] 29 29.9%
[45 - 55] 9 9.3%
[55 - 65] 8 8.2%

Marital status

Single 29 29.9%
Divorced 15 15.5%
Married 46 47.4%
Widowed 7 7.2%

Antiretroviral treatment at enrollment
Yes 58 59.8%
No 39 40.2%
Anti-TB treatment at enrollment
Yes 34 35.1%
No 63 64.9%

CD4 cell count at enrollment

<200 cells/pL 31 31.9%
2200 cells/pL 52 53.7%
Not tested 14 14.4%

The study flow diagram shows that all 97 samples included in the study com-
pleted the entire analytical process without any sample loss (Figure 1). Following
the decontamination step, all samples (97/97) were analyzed using the Xpert
MTB/RIF assay and subsequently tested with the Xpert MTB/XDR assay. There-
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fore, the results obtained are based on the total number of samples initially in-
cluded in the study.

Total enrolled
(patient with a
positive AFB sputum
sample) n=97

Decontamination
(n=97)

GeneXpert
(n=97)

Xpert MTB/RIF Xpert MTB/XDR

Figure 1. Study Diagram: Samples undergoing (n = 97).

3.2. Identification of Genes Conferring Resistance to Rifampicin
and Isoniazid

Frequency and mutation profiles

Among the 97 samples analyzed, 11 patients harbored mutations in genes asso-
ciated with Mycobacterium tuberculosis resistance to at least one anti-tuberculo-
sis drug, representing a prevalence of 11.34%.

Mutations in the rpoB gene conferring rifampicin resistance were identified in
4 out of 97 samples (4.12%). Mutations in genes associated with isoniazid re-
sistance (inhA or katG) were observed in 9 samples (9.27%). Mutations associated
with fluoroquinolone resistance (gyrA and gyrB) were detected in 2 samples
(2.06%) (Table 2).

Regarding resistance profiles, rifampicin monoresistance accounted for 1.03%,
isoniazid monoresistance for 6.18%, and fluoroquinolone monoresistance for
1.03% (Table 2).

Multidrug resistance (MDR), defined as resistance to both rifampicin and isoni-
azid, was detected in 3 samples (3.09%). Additionally, one sample (1.03%) showed
combined resistance to rifampicin, isoniazid, and fluoroquinolones (Table 2).

The distribution of resistance patterns among diagnosed cases according to sex
and age group is presented in Table 3.

The analysis of Table 4 shows that 7/11 (63.6%) of patients with resistance have

a CD4 count below 200 cells/pL, reflecting severe immunosuppression in this

group.
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Table 2. Drug-susceptibility test results using Xpert MTB/RIF and Xpert MTB/XDR (n = 97).

Xpert MTB/RIF - Xpert MTB/XDR Number (n) Percentage (%)
Drug resistance profile by case
Resistant 4 4.12%
RIF Sensitive 93 95.87%
Indeterminate 0 0.0%
Resistant 9 9.27%
INH Sensitive 88 90.72%
Indeterminate 0 0.0%
Resistant 2 2.06%
FLQ Sensitive 95 97.93%
Indeterminate 0 0.0%
Resistant 0 0.0%
AMK Sensitive 96 98.97%
Indeterminate 1 1.03%
Resistant 0 0.0%
KAN Sensitive 96 98.97%
Indeterminate 1 1.03%
Resistant 0 0.0%
CAP Sensitive 96 98.97%
Indeterminate 1 1.03%
Resistant 0 0.0%
ETH Sensitive 97 100%
Indeterminate 0 0.0%
Monoresistance
RIF 1 1.03%
INH 6 6.18%
FLQ 1 1.03%

Multidrug-resistance

MDR RIF + INH 2 2.06%
Pre-XDR RIF + INH + FLQ 1 1.03%
Total (MDR) 3 3.09%

Table 3. Distribution of resistance by type of resistance, sex, and age group (N = 97).

\\\ Resistance Mono-resistance (n = 8) Multidrug-resistance (n = 3) .
- ‘ Sensible Total
e
. UPe RIF INH FLQ  RIF+INH RIF+INH+FLQ  (,_gg) (n=97)
Age group/Sex - 1 (%) n (%) n (%) n (%) n (%)
Sex
Male 0 (0.0%) 5(5.15%) 1(1.03%) 2 (2.06%) 1(1.03%) 52 (53.6%) 61 (62.9%)
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Continued
Female 1(1.03%) 1(1.03%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 34 (35.05%) 36 (37.1%)
Age group
[0-18] 0(0.0%)  0(0.0%)  0(0.0%) 0 (0.0%) 0 (0.0%) 2 (2.1%) 2(2.1%)
[18 - 25[ 0(0.0%)  0(0.0%)  0(0.0%) 0 (0.0%) 0 (0.0%) 14 (14.4%) 14 (14.4%)
[25 - 35[ 1(1.03%) 1(1.03%) 0 (0.0%) 1 (1.03%) 0 (0.0%) 32 (32.9%) 35 (36.1%)
[35 - 45[ 0(0.0%) 3(3.09%) 1(1.03%) 1(1.03%) 1 (1.03%) 23 (23.7%) 29 (29.9%)
[45 - 55[ 0(0.0%)  2(2.06%) 0(0.0%) 0 (0.0%) 0 (0.0%) 7 (7.21%) 9 (9.3%)
[55 - 65] 0(0.0%)  0(0.0%)  0(0.0%) 0 (0.0%) 0 (0.0%) 8 (8.2%) 8 (8.2%)

Table 4. Baseline CD4 cell count of all patients at enrollment.

CD4 cell count at Patients with drug-resistant
] Percentage
enrollment tuberculosis
<200 cells/pL 7 63.6%
2200 cells/uL 3 27.3%
Not tested 1 9.1%
Total 11 100%

4. Discussion

In this study, the presence of gene mutations in Mycobacterium tuberculosis as-
sociated with resistance to various anti-tuberculosis drugs among HIV/TB co-in-
fected patients was investigated using the Xpert MTB/RIF and Xpert MTB/XDR
assays.

Mutations in the rpoB gene responsible for rifampicin resistance were detected
in 4 patients, corresponding to a rate of 4.12% (4/97). This result is comparable to
those reported in South Africa by Nazir ef al (4.9% in 2012) [19], in Chad by
Ossoga et al. (5.21% in 2012) [7], and in Nigeria by Nwalozie et a/. and Ibrahim et
al. (5.42% and 4.2% in 2015 and 2018, respectively) [20] [21]. However, other Af-
rican studies have reported higher proportions than in the present study, such as
Ogumbo ef al in Kenya (6.7% in 2022) [22] and Atemie ef al in Nigeria (9.4% in
2024) [23]. These geographical variations may be influenced by differences in ac-
cess to rapid molecular diagnostics (such as GeneXpert MTB/RIF), access to med-
ications, treatment adherence, and previous anti-tuberculosis treatment history.
The presence of rifampicin resistance among co-infected patients is clinically sig-
nificant, as it complicates management, increases the risk of treatment failure, and
may contribute to the transmission of resistant strains in vulnerable populations.

Regarding isoniazid resistance, mutations were detected in 9 patients, corre-
sponding to a rate of 9.27%. This rate is broadly comparable to findings reported
in Nigeria by Lana et al in 2012 (9.3%) [24] and in Cameroon by Merker et al in
2021 (7.4%) [25], although it varies depending on geographical context and study

populations. Lower rates have been reported in other studies, such as Brian ef al.
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in Malawi (0.3%) [26], whereas higher levels were reported by Ossoga et al in
Chad (12.8%) [7]. Despite the emergence of resistance, isoniazid remains a key
drug used both in first-line treatment regimens and in preventive therapy (TPT).
This variability may be explained by several factors, including differences in access
to rapid diagnostics, treatment adherence, and circulation of resistant strains in
certain regions.

For fluoroquinolone resistance (FLQ), mutations were detected in 2 patients,
corresponding to a rate of 2.06%. This rate appears relatively low compared to
that reported by Mamuda et a/ in Nigeria in 2026 (12.5%) [27], but remains lower
than values described in 2024 by Nehru et a/ in India (5.12%) [28] and Che et al
in China (4.6%) [29]. This difference with highly populated countries may be ex-
plained by higher selective pressure due to more widespread and sometimes inap-
propriate use of fluoroquinolones, both for tuberculosis and other bacterial infec-
tions, thereby promoting the emergence of resistant strains. Moreover, differences
in surveillance systems and access to drug susceptibility testing may also contrib-
ute to these variations. The relatively low rate observed in this study suggests that
these drugs remain largely effective in our setting, particularly as second-line
treatment options [30].

Among the analyzed samples, rifampicin monoresistance was observed in
1.03% of cases, isoniazid monoresistance in 6.18%, and fluoroquinolone mono-
resistance in 1.03%. This result is partially similar to that reported in Chad by Awa
et al. in 2017, where rifampicin monoresistance (5.4%) was higher than isoniazid
resistance (13.5%) [13]. However, it differs from findings reported in Nigeria by
Lana et al in 2012 (rifampicin 2.8%, isoniazid 1.4%) [24], by Barnett et al. in Ma-
lawi (rifampicin 2.9%, isoniazid 0.3%) [26], and by Chan ef a/ in South Korea in
2012 (rifampicin 9%, isoniazid 4.54%) [31].

Rifampicin monoresistance is relatively rare. However, in this study, 1.03% of
patients showed rifampicin monoresistance. The higher proportion of isoniazid
resistance (6.18%) among HIV/TB co-infected patients may be explained by im-
munosuppression and treatment adherence difficulties in these patients. These
resistances inevitably require second-line anti-tuberculosis drugs, which are costly
in a resource-limited country such as Chad.

Mutations in both rifampicin resistance (rpoB) and isoniazid resistance (inhA4
or katG) genes of Mycobacterium tuberculosis, defining multidrug resistance
(MDR), were detected in 3 samples (3.09%). This rate is close to those reported by
Ouédraogo et al. in Burkina Faso (3.8% in 2014) [32], Lana et a/. in Nigeria (3.6%)
[24], Barnett et al in Malawi (3.8%) [26], Weyer et al in South Africa (3.4% in
2007) [33]. However, it is lower than those reported by Doungous et a/ in Chad
(5,5% in 2026) [34], by Sied et al in Ethiopia (20% in 2023) [35] and by Chan et
al. in Seoul, South Korea (15.9% in 2021) [31], but higher than the 0.9% reported
in Chad by Dlinga et al in 2023 [36]. These variations may be explained by differ-
ences in access to rapid molecular diagnosis, drug availability, treatment adher-

ence, and previous treatment history. The presence of resistance among co-in-
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fected patients is clinically significant, as it complicates management, increases
the risk of treatment failure, and may contribute to transmission of multidrug-
resistant strains in vulnerable populations.

Among these, one sample showed additional fluoroquinolone resistance muta-
tions (gyrA and gyrB), corresponding to pre-XDR TB (1.03%). This proportion,
although low, remains concerning as it reflects the circulation of highly resistant
strains within a vulnerable population, often exposed to difficulties in treatment
adherence, prior treatment history, and drug interactions, particularly in the con-
text of HIV-tuberculosis. According to the WHO, pre-XDR forms represent a
major public health problem requiring early diagnosis and strengthened surveil-
lance in order to reduce their spread and improve clinical outcomes [5].

A clear male predominance was observed (9M/2F), consistent with findings re-
ported in Ethiopia by Hirpa et al in 2013 [37], in the DRC by Misombo et a/ in
2016 [38], in Gabon by Kombila et a/ in 2021 [39], and in Chad by Dlinga et al.
in 2023 [36]. Other studies, however, have reported female predominance, such
as in Congo by Okemba-Okombi et al in 2020 [40] and in Ethiopia by Desissa et
al in 2018 [41]. This discrepancy may be partly explained by the composition of
our study sample, which included a higher proportion of male participants. In-
deed, sex distribution within a study population can strongly influence the ob-
served sex ratio.

In this study, the 35 - 45-year age group was the most affected by multidrug
resistance, accounting for more than 60% of cases. This result is similar to that of
Kombila et al in Gabon in 2021, who reported 25 - 45 years in 73.1% of cases [39],
and LaFreniere ef al. in Canada in 2020, who reported 35 - 44 years in 41.3% of
cases [42]. However, it differs from findings in the DRC by Misombo et al. in 2016
(16 - 36 years, 61%) [38] and in Congo by Okemba-Okombi et a/ in 2020 (20 - 29
years, 53.84%) [40]. This may be explained by the higher exposure of this age
group to risk factors, including repeated antibiotic use and poor treatment adher-
ence, thereby favoring the emergence of multidrug-resistant strains.

In our study, CD4 count below 200 cells/uL observed in patients co-infected
with HIV/TB is an important marker of severe immunosuppression and is fre-
quently associated with poor clinical outcomes, particularly in the presence of re-
sistance to anti-tuberculosis drugs. In this study, among the 11 patients presenting
resistance to at least one anti-tuberculosis drug, 7 had a CD4 count below 200
cells/uL, corresponding to a rate of 63.6%. This proportion may reflect advanced
immunosuppression, which could favor the persistence or emergence of drug-re-
sistant forms of tuberculosis. Several studies have shown that HIV/TB co-infected
patients with CD4 counts < 200 cells/uL experience higher mortality and poorer
treatment outcomes compared to those with higher CD4 levels. For instance, a
study conducted in Benin reported significantly higher mortality among patients
with CD4 counts < 200 cells/mm® compared to those with CD4 counts > 200
cells/pL [43]. Similarly, among patients with multidrug-resistant tuberculosis, low

CD4 counts, particularly < 100 cells/uL, were strongly associated with reduced
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survival and increased risk of death [44]. These findings suggest that severe im-
munosuppression contributes to worsening tuberculosis progression and may
promote treatment failure as well as the development of resistance to anti-tuber-
culosis drugs.

This study has several limitations. The relatively small sample size may have
limited the precision of the estimates. In addition, recruitment was conducted in
only two centers in N’Djamena, which may limit the generalizability of the find-
ings to the entire country. Furthermore, only bacteriologically confirmed cases of
pulmonary tuberculosis were included, excluding extrapulmonary forms and un-
confirmed cases. Finally, drug resistance detection relied solely on the molecular
assays Xpert MTB/RIF and Xpert MTB/XDR, without confirmation by pheno-
typic drug susceptibility testing (DST) or genetic sequencing, which may have af-

fected the estimation of certain resistance patterns.

5. Conclusion

The non-negligible prevalence of multidrug resistance observed in this study con-
firms that drug-resistant tuberculosis among HIV/TB co-infected patients re-
mains a major public health challenge in Chad. The most notable finding is the
identification of one pre-XDR strain among the 3.09% of MDR cases detected in
this study, highlighting the importance of rapid molecular diagnosis to improve
therapeutic management and limit the spread of multidrug-resistant Mycobacte-

rium tuberculosis strains.
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