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a b s t r a c t 

Background: Undetected rifampicin resistance is a threat to global tuberculosis (TB) control effort s by 

delaying effective treatment. In different studies, non-canonical rpoB mutations outside the rifampicin 

resistance-determining region have been reported at varying prevalences by country. Here, we report 

cases of rifampicin resistance in Botswana that were missed by the routine molecular diagnostic assays. 

Methods: Individuals were tested under routine programme conditions, in accordance with national 

guidelines, at four designated drug-resistant TB clinics from 2017 to 2022. Initial testing at the facili- 

ties included GeneXpert MTB/RIF ultra and later phenotypic drug susceptibility testing (pDST), as well 

as the Hain MTBDR sl line probe assay, at the National Tuberculosis Reference Laboratory. A total of nine 

isolates were subsequently sequenced on the Illumina NextSeq 20 0 0 instrument. 

Results: At the point of care, routine molecular tests classified all nine individuals as susceptible to ri- 

fampicin. Subsequent culture and phenotypic drug susceptibility testing confirmed rifampicin resistance. 

Whole-genome sequencing identified non-canonical rpoB mutations outside the rifampicin resistance- 

determining region I49F and V170F, which are associated with low-level rifampicin resistance. Of the 

nine isolates sequenced, 4 (44%) harboured the rpoB V170F mutation, while 5 (56%) harboured the rpoB 

I491F mutation. 

Conclusions: These results highlight a diagnostic gap within the current algorithms and show the value 

of sequencing-based approaches for accurately detecting drug resistance. Incorporating sequencing into 

routine clinical practice could help guide the selection of TB treatment and improve treatment outcomes 

in patients who do not respond to first-line therapy. 

© 2025 The Author(s). Published by Elsevier Ltd on behalf of International Society for Antimicrobial 

Chemotherapy. This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ntroduction 

Rifampicin-resistant tuberculosis (RR-TB) continues to be a ma- 

or global health challenge, particularly in high TB/HIV countries. 

any of the World Health Organization (WHO)-endorsed molecu- 

ar assays, such as the GeneXpert MTB/RIF Ultra (Cepheid, USA), 

rueNat MTB/RIF (Molbio diagnostics, India), BD MAX MDR-TB 

Becton Dickinson, Franklin Lakes, NJ, USA) Cobas MTB-RIF/INH 
iety for Antimicrobial Chemotherapy. This is an open access article under the CC 
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Table 1 

Clinical and microbiological characteristics of patients whose Mycobacterium tuberculosis strains harbouring rpoB I491F and V170F mutations. 

Sample ID Gender Age Health district HIV status rpoB mutation Prior TB treatment Sublineage 

BTB019 F 43 Greater Gaborone Positive V170F No lineage1.2.2.2 

BTB093 M 34 Greater Francistown Negative V170F No lineage1.2.2.2 

BTB174 M 40 Greater Palapye Positive V170F Yes lineage1.2.2.2 

BTB205 M 35 Greater Gaborone Negative V170F Yes lineage4.1.1.3 

BTB032 F 56 Greater Gaborone Negative I491F Yes lineage4.3.3 

BTB052 F 29 Greater Gaborone Positive I491F No lineage4.3.3 

BTB130 M 44 Greater Gaborone Positive I491F No lineage4.3.3 

BTB131 M 33 Greater Gaborone Positive I491F No lineage4.3.3 

BTB146 F 32 Kgalagadi Positive I491F Yes lineage4.3.3 

Fig. 1. Maximum-likelihood phylogenetic tree of Mycobacterium tuberculosis isolates from Botswana, Eswatini, Peru, and Myanmar. Isolates are annotated by drug resistance 

profiles, rpoB mutations, collection year, and lineage. 
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Roche Diagnostics International AG, Rotkreuz, Switzerland), and 

ine probe assays (LPAs) (GenoType MTBDR plus , Hain Lifesciences), 

arget the 81-bp resistance-determining region (RRDR) in the My- 

obacterium tuberculosis ( Mtb ) rpoB gene and therefore cannot de- 

ect mutations outside this region [ 1–5 ]. However, resistance to ri- 

ampicin may also occur due to the rpoB I491F or V170F mutation 

utside the RRDR that are known to confer low-level resistance to 

ifampicin (minimum inhibitory concentration [MIC] of 0.5 μg/mL) 

 6 , 7 ]. These are often missed by these molecular assays, particu-

arly when MIC testing or whole genome sequencing (WGS) is not 

erformed [ 8 ]. 

In Botswana, the GeneXpert MTB/RIF Ultra assay is the primary 

iagnostic tool for detecting Mtb and rifampicin resistance. Cur- 

ently, there is limited data on the prevalence of variants with rpoB 

491F and V170F mutations in Botswana. 
172
ethods 

During routine diagnostic testing for tuberculosis with the Gen- 

Xpert MTB/RIF Ultra assay, nine samples obtained from patients 

n the Gaborone, Francistown, Kgalagadi and Palapye health dis- 

ricts were submitted to the National Tuberculosis Reference labo- 

atory for culture and phenotypic drug susceptibility testing (DST), 

espite the GeneXpert MTB/RIF test calling the samples suscepti- 

le to rifampicin. Samples were further tested for additional re- 

istance with the Hain MTBDR sl assay. To determine the mecha- 

ism of rifampicin resistance in these isolates, whole-genome se- 

uencing was performed on the Illumina NextSeq 20 0 0 instrument 

Illumina, San Diego, CA, USA), and the data were analysed us- 

ng the MTBseq pipeline in combination with TB-Profiler version 

.2.1, as previously described [ 9 , 10 ]. We used descriptive statistics, 
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ncluding counts and percentages, to describe the distribution of 

poB mutations across the sequenced isolates. 

esults 

All nine samples were culture positive, and phenotypic test- 

ng identified rifampicin resistance. Additionally, the MTBDR sl as- 

ay detected fluoroquinolone resistance in two isolates, while no 

esistance was detected for kanamycin, capreomycin, and amikacin. 

he isolates, cultured between 2017 and 2022, were obtained from 

atients residing in Greater Gaborone, Greater Francistown, Greater 

alapye, and Kgalagadi health districts, indicating a widespread 

resence of genotypically susceptible, phenotypically resistant Mtb 

trains. Among these, five were newly diagnosed, while four had 

een previously treated; six were people living with HIV. Sequence 

nalysis revealed that five isolates harboured the rpoB I491F mu- 

ation and belonged to sublineage 4.3.3. The remaining four iso- 

ates harboured the V170F mutation, with three belonging to sub- 

ineage 4.1.1.3 and one to sublineage 1.2.2.2 ( Table 1 ) . According to

he WHO mutation catalogue, all five sublineage 4.3.3 isolates are 

enotypically resistant to rifampicin, isoniazid, ethambutol, pyrazi- 

amide, and ethionamide [ 11 ]. 

Notably, two of these isolates had variants associated with 

oxifloxacin and levofloxacin resistance, and were classified as 

re-extensively drug-resistant (pre-XDR). The single sublineage 

.1.1.3 isolate, with a rpoB V170F mutation, was classified as ri- 

ampicin monoresistant, with no additional drug resistance de- 

ected. The three sublineage 1.2.2.2 isolates were genotypically 

esistant to rifampicin, isoniazid, ethambutol, and ethionamide. 

o variants known to confer resistance to bedaquiline, dela- 

anid, or clofazimine were detected. Our phylogenetic analy- 

is shows that Mtb isolates with I491F or V170F mutations 

re not restricted to a single lineage or geographic region in 

otswana. Importantly, the detection of new TB cases confirms 

he transmission of Mtb with either the I491F or V170F rpoB 

utation. 

Previous studies in Botswana, Peru, Eswatini, South Africa, 

ozambique, and Myanmar have reported on the presence of Mtb 

solates with the I491F or V170F mutation [ 8 , 12–16 ]. A phyloge-

etic reconstruction revealed that isolates from Botswana shared 

ineage similarity with those from Peru [ 14 ] and Myanmar [ 8 ],

ut were unrelated to the lineage identified in Eswatini [ 13 ] 

 Figure 1 ). The Mtb isolates with the I491F mutation reported 

n Eswatini belong to sublineage 4.4.1.1. We report a sublin- 

age 4.1.1.3 strain with the rpoB V170F mutation; the rest of 

he strains with the I491F belonged to sublineage 4.3.3. A re- 

ent study in Botswana also reported a sublineage 4.3.3 variant 

ith rpoB I491F mutation [ 12 ]. The Eswatini variants with the 

poB I491F mutation also harboured the Rv0678 M146T mutation, 

hich confers resistance to bedaquiline and clofazimine [ 13 ]; how- 

ver, none of the variants detected in Botswana harboured this 

utation. 

onclusion 

Our findings demonstrate the presence of circulating Mtb 

trains with rpoB I491F or V170F mutations, which are currently 

issed by the implemented molecular diagnostic assays. The true 

xtent of this undetected rifampicin resistance can only be de- 

ermined through studies with larger samples sizes. Such studies 

ould also enable assessment of the association between these 

poB mutations and factors such as HIV status and TB treatment 

istory. Accordingly, we recommend implementing targeted next- 

eneration sequencing using the Deeplex Myc-TB assay (Geno- 

creen, France) as a rapid reflex test for patients who do not re- 
173
pond to first-line therapy, where rifampicin resistance may be un- 

etected. 
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