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Abstract 
Background: Drug-resistant tuberculosis threatens global TB control, yet mo-
lecular resistance patterns remain poorly characterized in Central Africa. We 
investigated the prevalence and molecular characteristics of primary drug re-
sistance among newly diagnosed pulmonary TB patients in Yaoundé, Came-
roon. Methods: We conducted a prospective study at Jamot Hospital, Ya-
oundé (March 2023-September 2025). Of 147 screened patients, 105 treat-
ment-naïve, HIV-negative, smear-positive pulmonary TB patients aged ≥ 21 
years residing within 50 km of Yaoundé were enrolled. MGIT liquid culture 
and GenoType® MTBDRplus line-probe assay were used to characterize re-
sistance to rifampicin and isoniazid and to identify specific mutations in rpoB, 
katG, and inhA genes. Of 100 culture-positive isolates, 98 were successfully 
genotyped. Results: Among 98 genotyped isolates, 32.7% (32/98) exhibited 
drug resistance: 14.3% rifampicin mono-resistance, 11.2% isoniazid mono-
resistance, and 7.1% MDR-TB, substantially exceeding national estimates 
(2.4%). Molecular characterization revealed a distinctive regional resistance 
profile: rpoB H526Y/D mutations predominated (76.2% of rifampicin-re-
sistant isolates) over the globally common S531L (23.8%), while katG S315T 
accounted for 77.8% of isoniazid resistance. Among the 66 fully susceptible 
patients who completed standard 2HRZE/4HR therapy, 96.2% achieved spu-
tum conversion by month 6; outcome data for resistant patients referred to 
MDR-TB programmes were not available within the study timeframe. The el-
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evated mono-resistance rates warrant cautious interpretation, as undisclosed 
prior treatment cannot be entirely excluded. Conclusion: Yaoundé exhibits 
unexpectedly high primary drug resistance with a distinctive H526-predomi-
nant molecular signature. Whether this pattern reflects clonal transmission of 
specific lineages requires confirmation by whole-genome sequencing and 
strain typing, which are urgently needed. Universal molecular drug suscepti-
bility testing at diagnosis is a priority. Findings are applicable to smear-posi-
tive, treatment-naïve adults ≥ 21 years near Yaoundé and should not be ex-
trapolated to paediatric, smear-negative, or HIV-co-infected populations. 
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1. Introduction 

Tuberculosis (TB) remains among the leading infectious causes of mortality glob-
ally, with the African region disproportionately affected. In 2023, the WHO doc-
umented 8.2 million new TB cases and 1.25 million deaths worldwide, yet these 
figures likely underestimate the true burden in resource-limited settings where 
diagnostic capacity remains constrained. Cameroon, classified as a high TB bur-
den country with 174 cases per 100,000 population and 29% HIV co-infection, 
exemplifies these diagnostic and surveillance challenges [1] [2]. 

The emergence of drug-resistant TB, particularly multidrug-resistant TB 
(MDR-TB, defined as resistance to at least rifampicin and isoniazid), threatens to 
reverse decades of TB control progress. WHO estimates suggest that 2% - 3% of 
new TB cases in Cameroon harbour drug resistance, yet national programme data 
indicate substantial underdiagnosis due to limited access to Drug Susceptibility 
Testing (DST), available in fewer than 10% of diagnosed cases [1] [3]. 

Molecular diagnostics, particularly the GenoType MTBDRplus line-probe as-
say, have revolutionized rapid resistance detection by identifying specific muta-
tions in resistance-determining regions [4] [5]. For rifampicin, mutations within 
codons 507 - 533 of the rpoB gene account for >95% of resistance, with S531L 
predominating globally (50% - 70%) [6] [7]. For isoniazid, mutations in katG co-
don 315 and the inhA promoter confer high-level and low-level resistance, respec-
tively [8]-[10]. 

Despite bearing a substantial tuberculosis burden, Cameroon lacks comprehen-
sive data on the molecular epidemiology of primary drug resistance. Published 
evidence on resistance-associated mutation patterns among treatment-naïve tu-
berculosis patients in Yaoundé, the country’s capital and largest metropolitan 
area, remains unavailable [2] [11] [12]. Elucidating whether the molecular re-
sistance profiles circulating in Cameroon mirror globally established patterns or 
exhibit unique regional signatures is of paramount importance for refining mo-
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lecular diagnostic algorithms, informing therapeutic decision-making, and en-
hancing the control of drug-resistant tuberculosis transmission. 

We therefore conducted a prospective molecular epidemiological study to: 1) 
determine the prevalence of primary drug resistance among newly diagnosed pul-
monary TB patients in Yaoundé; 2) characterize the molecular mutations confer-
ring rifampicin and isoniazid resistance; and 3) assess treatment response in rela-
tion to baseline resistance patterns. We hypothesized that urban Yaoundé would 
exhibit higher resistance prevalence than national estimates and potentially dis-
tinctive mutation patterns. 

2. Methods 
2.1. Study Setting and Design 

This prospective longitudinal study was conducted from March 2023 to Septem-
ber 2025 at Jamot Hospital in Yaoundé, Cameroon’s national reference centre for 
tuberculosis management. The study adhered to STROBE (Strengthening the Re-
porting of Observational Studies in Epidemiology) guidelines. 

2.2. Ethical Considerations 

Ethical approval was obtained from the Regional Ethics Committee for Hu-
man Health Research, Central Region (CERSHC), under approval number CE 
N˚1297/CRERSHC/2022, dated 19 September 2022. The study was conducted in 
strict accordance with the Declaration of Helsinki and Good Clinical Practice 
guidelines. Written informed consent was obtained from all participants. Confi-
dentiality was maintained through numerical coding of all data. 

2.3. Sample Size 

The target sample size was calculated a priori based on the nationally representa-
tive estimate of rifampicin resistance (RR-TB, proxy for MDR-TB) among new 
bacteriologically confirmed pulmonary TB cases in Cameroon reported by 
Noeske et al. (2018): a RR-TB prevalence of 1.6% (95% CI: 0.8% - 2.3%) [13]. This 
figure was adopted as the reference prevalence for the present sentinel-site study. 
Using the standard single-proportion formula n = z2 × p (1 − p)/e2, with z = 1.96 
(two-sided 95% CI), p = 0.016, and a desired absolute precision of e = ±2.6 per-
centage points, the minimum evaluable sample size was: n = (1.96)2 × 0.016 × 
0.984/(0.026)2 ≈ 90 patients. 

2.4. Sampling and Eligibility 

Consecutive non-probability sampling of eligible treatment-naïve TB patients 
presenting at Jamot Hospital was used. All eligible patients were approached se-
quentially from March 2023 until the target was reached. The extended recruit-
ment period captured seasonal and temporal variations in TB epidemiology. 

Inclusion criteria: Age ≥ 21 years; sputum smear-positive by auramine or 
Ziehl-Neelsen microscopy; no documented prior anti-TB treatment (verified 
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through patient interview, medical records review, and national TB programme 
registry check); residence within 50 km of Yaoundé to facilitate follow-up. 

These criteria were selected to characterise primary resistance in the highest-
burden diagnostic subgroup accessible at this referral centre. The lower age limit 
of 21 years reflects minimum legal consent age under Cameroonian regulations 
and the dominant TB demographic in urban Yaoundé. Smear-positivity was re-
quired to ensure sufficient bacillary load for reliable MGIT culture and MTBDR-
plus genotyping. Residence within 50 km was necessary to achieve 6-month fol-
low-up completeness. Accordingly, the findings are generalisable to smear-posi-
tive, treatment-naïve adults ≥ 21 years residing near Yaoundé and should not be 
extrapolated to paediatric cases, smear-negative disease, or patients residing in 
rural or remote areas. 

Exclusion criteria: Extrapulmonary TB only; HIV, hepatitis B, or hepatitis C 
co-infection (verified by rapid diagnostic testing); ongoing immunosuppressive 
therapy; baseline serum creatinine > 120 μmol/L or ALT/AST > 2 × upper limit of 
normal; inability or unwillingness to provide informed consent or complete 6-
month follow-up. 

The exclusion of HIV, HBV, and HCV co-infected patients was motivated by 
the differential influence of co-infection on resistance rates and treatment out-
comes, which would have introduced important confounding. These immuno-
compromised patients represent a distinct subgroup warranting dedicated inves-
tigation. Their exclusion limits the generalizability of resistance estimates given 
Cameroon’s high HIV-TB co-infection rate (29%) and should be acknowledged 
as a key limitation. 

2.5. Participant Flow 

Figure 1 presents the complete participant flow. Briefly, 147 patients were 
screened for eligibility during the study period. Of these, 42 were excluded: 12 
reported prior anti-TB treatment, 9 were HIV-positive, 7 had HBV or HCV co-
infection, 6 resided > 50 km from Yaoundé, 4 had extra pulmonary TB only, 2 had 
abnormal renal/hepatic function, and 2 refused consent. The remaining 105 pa-
tients were enrolled. Of these, 100 (95.2%) yielded positive MGIT cultures; 5 re-
mained culture-negative and were excluded from resistance analyses. Among the 
100 culture-positive isolates, 98 (98.0%) were successfully genotyped by MTBDR-
plus (2 yielded indeterminate results due to insufficient DNA). All 105 enrolled 
patients completed the 6-month treatment follow-up. 

2.6. Data Collection and Specimen Processing 

Sociodemographic, clinical, and microbiological data were collected prospectively 
using a standardised case report form. An early-morning sputum specimen (~2 
mL) was collected from each enrolled patient and transported within 4 hours at 
4˚C to the TB Research Laboratory, Biotechnology Centre of Nkolbisson, Univer-
sity of Yaoundé I. 
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Figure 1. Participant flow. Of 147 patients screened, 42 were excluded (prior treatment, 
HIV infection, HBV/HCV co-infection, distant residence, extrapulmonary TB, renal/he-
patic impairment, or refusal). A total of 105 patients were enrolled; 100 were culture-posi-
tive and 98 successfully genotyped. All enrolled patients completed 6-month follow-up. 

 
Auramine O Fluorescence Microscopy: Sputum smears were stained using the 

standard auramine O fluorochrome method and examined at 400× magnification. 
Smear positivity was graded according to WHO standards: scanty (1 - 19 AFB per 
slide length), 1+ (20 - 199 AFB), 2+ (5 - 50 AFB per field), or 3+ (>50 AFB per 
field) [14] [15]. 

MGIT Culture: Mycobacterial culture was performed using the BACTEC™ 
MGIT™ 960 automated liquid culture system (Becton Dickinson). Sputum sam-
ples were decontaminated using the NaCl-NaOH method, neutralized with 67 
mM phosphate buffer, and centrifuged at 3000 – 4000 × g for 15 minutes at 4˚C. 
The pellet (0.5 mL) was inoculated into MGIT tubes with Middlebrook 7H9 broth, 
OADC enrichment, and PANTA antibiotic mixture. Automated fluorescence 
monitoring was performed from day 14 through day 42. Positive cultures were 
confirmed as M. tuberculosis complex by colony morphology, acid-fast smear, 
and MTBDRplus [16]. 

GenoType® MTBDRplus Assay: DNA was extracted from MGIT-positive cul-
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tures by standardised thermal lysis. Multiplex PCR targeted rpoB, katG, and the 
inhA promoter [13] [17]. Amplicons were hybridized to nitrocellulose strips con-
taining 27 oligonucleotide probes. Strip interpretation followed the manufac-
turer’s reading guide and was cross-validated by two independent observers. 

2.7. Patient Management after Baseline DST 

Baseline DST results were communicated to the treating clinician within 48 hours 
of genotyping. Patients with fully susceptible isolates were maintained on the 
standard WHO 2HRZE/4HR regimen. Patients with rifampicin mono-resistance 
were referred for individualised regimen adjustment in accordance with national 
MDR-TB guidelines; patients meeting MDR-TB criteria received WHO-recom-
mended MDR-TB regimens. Because resistant cases were moved to alternative 
regimens, sputum conversion data are reported separately by baseline resistance 
status to avoid confounding treatment-outcome comparisons. 

2.8. Statistical Analysis 

Data were analysed using IBM SPSS 23.0 and R 4.2.0. Categorical variables are 
reported as frequencies and percentages with 95% Wilson score CIs; continuous 
variables as medians with IQRs. Drug resistance prevalence was estimated with 
exact binomial 95% CIs. Between-group comparisons used Fisher’s exact test and 
Mann-Whitney U test. Sputum conversion rates were compared by Kaplan-Meier 
analysis with log-rank tests. All tests were two-tailed (p < 0.05). 

3. Results 
3.1. Baseline Characteristics 

A total of 105 treatment-naïve pulmonary tuberculosis patients were enrolled at 
Jamot Hospital between March 2023 and September 2025 and were completed the 
6-month treatment follow-up. 

The cohort was predominantly male (73.3%, n = 77) with a median age of 34 
years (range: 21 - 65 years). Baseline bacillary burden was substantial, with 70.5% 
(74/105) exhibiting high bacterial loads: 42.9% (n = 45) graded 2+ and 25.7% (n 
= 27) graded 3+. Lower-grade positivity accounted for the remainder: 17.1% (n = 
18) scanty and 14.3% (n = 15) graded 1+ (Table 1). 

 
Table 1. Distribution of baseline sputum smear grades. 

Smear Grade n % 

Scanty 18 17.15 

1+ 15 14.29 

2+ 45 42.86 

3+ 27 25.70 

Total 105 100 
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3.2. MGIT Culture Results 

Viable mycobacterial growth was detected in 95.2% (100/105) of baseline specimens. 
The five culture-negative cases (4.8%) likely represented non-viable bacilli, pre-ana-
lytical errors, or contamination during processing, as all were smear-positive. 

3.3. Treatment Response and Sputum Conversion 

Sputum conversion data are presented separately by baseline drug susceptibility 
status, since patients with drug-resistant isolates were switched to alternative reg-
imens (see Section 2.7). Among the 66 fully susceptible patients who continued 
standard 2HRZE/4HR therapy, rapid bacteriological clearance was observed: 
88.6% converted to smear-negative by month 1, increasing to 94.3% by month 2, 
and 96.2% (63/66) achieved sustained sputum conversion at treatment comple-
tion (month 6). Three patients (4.5% among susceptible cases) remained persis-
tently smear-positive at month 6, raising concern for undetected resistance to py-
razinamide or ethambutol, poor adherence, or pharmacokinetic variability. For 
the 32 patients with resistant isolates, treatment outcomes following regimen ad-
justment are reported descriptively: all 14 rifampicin mono-resistant and all 7 
MDR-TB patients were referred to specialised MDR-TB management; follow-up 
data from those programmes were not available within the timeframe of this study 
and are therefore not included in the overall cure-rate estimate (Figure 2). 

 

 
Note: Analysis limited to patients on standard 2HRZE/4HR; drug-resistant cases (n = 32) 
were excluded. 

Figure 2. Sputum smear conversion during standard therapy. In fully drug-susceptible pul-
monary TB patients (n = 66), smear conversion reached 88.6% (M1), 94.3% (M2), and 
96.2% (M6); 4.5% remained positive at treatment completion. 

3.4. Drug Resistance Patterns 

Among the 100 culture-positive isolates, 98 were successfully genotyped using the 
GenoType MTBDRplus assay. Drug resistance was detected in 32.7% (32/98) of 
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isolates: 14 isolates (14.3%) exhibited rifampicin mono-resistance, 11 (11.2%) 
showed isoniazid mono-resistance, and 7 (7.1%) met criteria for MDR-TB. The 
remaining 67.3% (66/98) were fully susceptible (Table 2). 

 
Table 2. Drug resistance profiles among genotyped M. tuberculosis isolates. 

Resistance Profile n 
% of Total  
(n = 98) 

% of Resistant  
(n = 32) 

Fully susceptible (RIF-S, INH-S) 66 67.3 — 

Rifampicin mono-resistant (RIF-R) 14 14.3 43.8 

Isoniazid mono-resistant (INH-R) 11 11.2 34.4 

Multidrug-resistant (RIF-R + INH-R) 7 7.1 21.9 

Total 98 100 100 

RIF = rifampicin; INH = isoniazid; -S = susceptible; -R = resistant. 

3.5. Molecular Characterisation of Rifampicin Resistance 

Twenty-one rifampicin-resistant isolates were analyzed for rpoB gene mutations 
within the RRDR (codons 507 - 533). Three mutations accounted for all detected 
resistance: rpoB H526Y and H526D (probe MUT2B) were equally prevalent at 
38.1% (8/21) each, while rpoB S531L (MUT3) was identified in 23.8% (5/21) of 
cases (Table 3). All three mutations confer high-level rifampicin resistance by dis-
rupting rifampicin binding to the β-subunit of RNA polymerase. 

3.6. Molecular Characterisation of Isoniazid Resistance 

Eighteen isoniazid-resistant isolates harboured mutations in katG or the inhA 
promoter. The katG S315T mutation predominated: S315T2 was detected in 
55.6% (10/18) and S315T1 in 22.2% (4/18), collectively accounting for 77.8% of 
isoniazid resistance. The inhA promoter mutation C-15T was identified in 22.2% 
(4/18) of isolates (Table 4). 

 
Table 3. Distribution of rpoB mutations conferring rifampicin resistance. 

Mutation Codon (Probe) n % Resistance Level 

rpoB S531L 531 (MUT3) 5 23.8 High 

rpoB H526Y 526 (MUT2B) 8 38.1 High 

rpoB H526D 526 (MUT2B) 8 38.1 High 

Total  21 100  

 
Table 4. Distribution of katG and inhA mutations conferring isoniazid resistance. 

Mutation Gene/Region n % Resistance Level 

inhA C-15T Promoter region 4 22.2 Low 

katG S315T1 Codon 315 4 22.2 High 

katG S315T2 Codon 315 10 55.6 High 

Total  18 100  
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4. Discussion 

This prospective molecular epidemiological study reveals three key findings. First, 
primary drug resistance in Yaoundé (32.7%) substantially exceeds both national 
surveillance estimates (2.4%) and rates reported in neighbouring Central African 
countries (3% - 5%) [3]. Second, the molecular signature of rifampicin resistance 
differs markedly from global patterns, with H526 mutations predominating 
(76.2%) over S531L (23.8%). Third, among patients with susceptible isolates who 
received standard therapy, 96.2% achieved microbiological cure, validating regi-
men efficacy when drug susceptibility is preserved. 

The predominance of high bacillary loads at presentation (70.5% with smear 
grades 2+ or 3+) reflects diagnostic delays characteristic of resource-limited set-
tings. These patients represent highly efficient transmitters; published models es-
timate that high-grade smear-positive cases generate substantially more second-
ary infections than low-grade cases, though precise transmission ratios are model-
dependent and setting-specific [18] [19]. The concurrent presence of drug-re-
sistant strains within this high-burden subgroup substantially amplifies public 
health risk. 

Treatment-outcome interpretation is restricted to the 66 fully susceptible pa-
tients who received standard 2HRZE/4HR therapy throughout follow-up, as re-
sistant-case patients were switched to alternative regimens. The 96.2% sputum 
conversion rate among susceptible patients aligns with international benchmarks 
and is consistent with prior regional data [11]. Persistent smear positivity in three 
susceptible patients (4.5%) may reflect undetected resistance to pyrazinamide or 
ethambutol, pharmacokinetic variability, or paradoxical upgrading. We did not 
link the overall cure estimate to baseline susceptibility status for the full cohort, as 
data on resistant-case outcomes following regimen change were unavailable. 

The distribution of rpoB mutations in our cohort differed from global patterns, 
where S531L is the predominant rifampicin-resistance mutation (60% - 70% of 
cases). In contrast, H526 mutations (H526Y/H526D) accounted for 76.2% (16/21) 
of rifampicin-resistant isolates, while S531L represented only 23.8% (5/21). This 
finding may indicate a distinct local resistance profile in Yaoundé. However, 
MTBDRplus mutation data alone cannot determine whether this predominance 
reflects clonal transmission, founder effects, or convergent evolution. Further 
studies using whole-genome sequencing or strain-typing methods are needed to 
clarify the molecular epidemiology of rifampicin-resistant M. tuberculosis in this 
setting [20] [21]. 

The predominance of katG S315T mutations (77.8%) aligns with global surveil-
lance data where this mutation accounts for 60% - 80% of isoniazid resistance 
[22]. The inhA promoter C-15T mutation (22.2%) confers low-level isoniazid re-
sistance with important implications for cross-resistance to ethionamide, a key 
second-line MDR-TB drug [23]. MDR-TB patients harbouring inhA mutations 
may therefore require alternative regimens incorporating linezolid, bedaquiline, 
or delamanid [24]. 
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The high prevalence of rifampicin mono-resistance (14.3%) and isoniazid 
mono-resistance (11.2%) observed in this treatment-naïve cohort was unex-
pected, as mono-resistance rates are generally reported to be below 2% in well-
characterized treatment-naïve populations [25]. Although treatment-naïve status 
was verified through patient interviews and review of hospital and national TB 
programme records, undisclosed prior treatment cannot be entirely excluded. 
Consequently, some resistance may represent acquired rather than primary re-
sistance. Alternative explanations include transmission of mono-resistant strains 
with preserved fitness, heteroresistance below the detection threshold of the 
MTBDRplus assay [26], or independent acquisition of resistance-conferring mu-
tations [27]. Further studies incorporating whole-genome sequencing and contact 
tracing are required to clarify the origin and transmission dynamics of these re-
sistance profiles. 

5. Study Limitations 

Several limitations must be acknowledged. The eligibility criteria, including age ≥ 
21 years, smear-positivity, and exclusion of HIV/HBV/HCV co-infected patients, 
restrict generalisability to the population actually studied: smear-positive, treat-
ment-naïve adults ≥ 21 years near Yaoundé without immunocompromising co-
morbidities. The MTBDRplus assay detects only rifampicin and isoniazid re-
sistance, missing resistance to pyrazinamide, ethambutol, and fluoroquinolones. 
The relatively small sample size (n = 105) from a single national reference hospital 
may not reflect nationwide community-based patterns. Lack of whole-genome se-
quencing prevented detailed lineage identification and transmission network 
analysis. Treatment outcome data were unavailable for patients with resistant iso-
lates who were transferred to MDR-TB programmes, limiting our ability to com-
pare outcomes comprehensively across resistance categories. 

6. Conclusion 

This study documents alarmingly high primary drug resistance in Yaoundé, Cam-
eroon: 32.7% among treatment-naïve TB patients, including 7.1% MDR-TB, far 
exceeding national estimates. Molecular profiling reveals a distinctive H526Y/D-
predominant rifampicin resistance profile and katG S315T-driven isoniazid re-
sistance. Whether this pattern reflects clonal transmission of specific lineages re-
quires confirmation by whole-genome sequencing and strain typing, which are 
urgently needed. Universal rapid molecular DST at diagnosis, extended to pyra-
zinamide, ethambutol, and second-line drugs, intensified contact tracing, en-
hanced adherence support, and strengthened infection control are immediate pri-
orities for TB elimination in this high-burden setting. 
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