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To the Editor:

Rifampicin drives the efficacy of the current first-line treatment regimen for tuberculosis (TB) [1]. Mutations
in the rpoB gene cause rifampicin resistance (RR) of varying levels. Common mutations typically confer
high-level, “high-confidence” resistance, providing a selective advantage to Mycobacterium tuberculosis
during treatment at low fitness cost [2]. Growth-based phenotypic drug-susceptibility testing (pDST) is very
reliable for high-confidence mutations. Mutations conferring low-level resistance at high fitness cost are
easily lost during primary culture or will cause phenotypically false-susceptible results if not given enough
time for growth, especially with the widely used automated MGIT 960 DST [3]. Due to disagreement on
their significance, such rpoB mutations were called “disputed”.

A 2021 World Health Organization (WHO) report concluded that disputed rpoB mutations are clinically
relevant and recommended to call them “borderline”. The report also recommended a lower critical
concentration for rifampicin on 7H10 and MGIT media, but not on Lowenstein—Jensen. This will reduce,
but not eliminate, pDST misclassification of borderline mutations in the future. The scarcity of outcome
data was felt as a major problem [4].

In this paper, we provide information on the adverse impact on treatment outcome in patients with TB
showing either a high-confidence or borderline RR mutation and treated with either a first-line
rifampicin-throughout or second-line gatifloxacin-based regimen. This retrospective study uses data from the
Bangladesh TB control programme, implemented by Damien Foundation (DF) in 13 districts. Before rapid
genotypic DST (gDST) became available, new and retreatment patients were treated with the first-line
rifampicin-throughout WHO regimens, 6-month category 1 (Catl) and 8-month category 2 (Cat2). When
RR-TB was diagnosed, patients started the second-line gatifloxacin-based shorter treatment regimen [5].

We linked a reference laboratory database of sputum samples from patients consecutively registered
between 1995 and 2015 [6] with databases showing data on individual first- or second-line treatment
courses. The study protocol was approved by the institutional review board of the ITM (1233/88),
Antwerp, Belgium; since it concerned anonymous routinely collected data, the requirement for informed
consent was waived. Only outcomes with known rpoB result at start of treatment were analysed, but not
treatment courses for which baseline samples were collected because of recurrence (failure or relapse)
outcome. Mutations 430Pro, 435Tyr, 441Leu (absent in our database), 445Asn, 445Leu, 452Pro and
491Phe were grouped as borderline [4].

Outcomes followed closely those of WHO [7]. First-line treatment relapse follow-up was passive with
continuous updating of patient databases when recurrence occurred. Second-line treatment relapse
identification relied on 24-month active post-treatment follow-up [5]. Favourable outcome was defined as
relapse-free success, adverse outcomes included failure, relapse, and death.

rpoB sequence data showed wild-type rpoB for 1547 treatment courses, and a mutation for 669 different
treatment courses. Of 669, 26 were excluded from the analysis because the level of resistance was unclear,
as more than one rpoB mutation was found. Of the remaining 643, 259 corresponded with a first or second
rifampicin-throughout treatment course and 384 with second-line gatifloxacin-based courses.
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For wild-type rpoB, 94.1% (1455/1547; 95% CI 92.8-95.2%) were cured relapse-free, while 5.9% (92/
1547; 95% CI 4.8-7.2%) experienced an adverse outcome (1.9% (n=30) with treatment failure, 1.0%
(n=16) with relapse, and 3.0% (n=46) died).

Of 259 patients with TB with an rpoB mutation and treated with a first-line regimen, 63 (24.3%, 95% CI
19.2-30.0%) had TB with a borderline mutant. Table 1 shows that relapse-free success was similar among
those with a borderline (19/63; 30.2%, 95% CI 19.2-43.0%) or high-confidence mutation (56/196; 28.6%,
95% CI 22.4-35.4%). TB with a 445Asn or 491Phe borderline mutant tended to have non-significant
better outcome than with a high confidence mutation (OR 0.34, 95% CI 0.10-1.10).

Of 384 patients treated with a second-line RR-TB regimen, relapse-free success was similar (p=0.8,
chi-squared test) among those with a borderline (45/54; 88.9%, 95% CI 77.4-95.8%) or high-confidence
mutation (289/330; 87.6%, 95% CI 83.5-90.9).

A recent study on 28 patients with MGIT rifampicin-susceptible but Xpert MTB/RIF-resistant TB showed
unusual mutations (DEL428_429, 430Pro, 435Tyr, 441Leu, 445Asn/Cys/Gly/Leu and 452Pro) in all but
two, with 81% recurrence on Cat2 [8]. Our study confirms that first-line rifampicin-throughout treatment of
TB with a high-confidence or borderline rpoB mutation has an equally poor prognosis. When treated with
second-line gatifloxacin-based treatment, outcomes were almost as good as those with wild-type rpoB and
treated with rifampicin-throughout treatment [1].

The proportion of RR-TB caused by borderline mutations may be important, dependent on the
geographical area. Our Antwerp reference laboratory commonly detects proportions between 20 and 30%
among new cases from random drug resistance surveys in TB endemic countries. Our best estimate is
26.9% (25/93; 95% CI 18.9-36.7%) for Pakistan in 2013, performing Xpert MTB/RIF from sputum and
pDST in parallel (unpublished data).

Borderline rpoB mutations are thus the main cause of discordant gDST-resistant/pDST-susceptible results,
particularly with MGIT [3]. pDST can miss less fit mutations when overgrown by the more fit wild-type.

TABLE 1 Outcome of rifampicin-throughout treatment by resistance level and type of rpoB mutation

Relapse-free Clinically OR 95% Cl Bacteriologically OR 95% Cl
success n adverse” adverse"
n % n %
rpoB mutation group® 75 184 71 163 68.5
High-level 56 140 714 1 125 69.1 1
Borderline (any) 19 44 69.8 0.93 0.50-1.72 38 66.7 0.90 0.48-1.69
Individual borderline mutations®
Leu430Pro 5 13 72.2 0.99 0.35-2.79 11 68.8 0.94 0.32-2.73
Asp435Tyr 2 5 71.4 0.88 0.19-4.07 5 71.4 0.99 0.21-4.56
His445Asn 3 3 50 0.4 0.09-1.83 3 50 0.45 0.10-2.05
His445Leu 1 8 88.9 2.28 0.39-13.29 6 85.7 1.95 0.32-11.84
Leu452Pro 5 13 72.2 0.99 0.35-2.79 11 68.8 0.94 0.32-2.73
1le491Phe 3 2 40 0.29 0.06-1.50 2 40 0.32 0.06-1.68
Regrouping within borderline
rpoB mutations”
His445Asn/Ile491Phe 6 5 45.5 0.34 0.10-1.10 5 45.5 0.38 0.12-1.24
Other borderline 13 39 75 1.18 0.59-2.35 33 717 1.12 0.55-2.26

0dds ratios calculated using logistic regression. *: either failure, relapse, or death (clinically adverse outcomes); % expressed at % of adverse outcomes
among patients with relapse-free cure or a clinically adverse outcome. : either failure or relapse (recurrence: bacteriologically adverse outcome); %
expressed at % of adverse outcomes among patients with relapse-free cure or a bacteriologically adverse outcome. Smear-defined outcomes were
those of the Bangladesh National TB Programme that closely followed those of the World Health Organization (WHO) [7]. Treatment failure included
first-line treatment courses interrupted to switch to second-line treatment. % at the WHO Supranational TB Reference Laboratory (SRL) in Antwerp,
rpoB sequencing used the Sanger technique with extended primers covering also the 170Phe and 491Phe resistance mutations outside the 81 bp
rifampicin resistance determining region (RRDR; codons 426 to 452 in the revised MTB numbering system) [2] or whole genome sequencing (WGS)
analysis of the same rpoB codons. Non-synonymous mutations were grouped as high-confidence versus disputed. Mutations 430Pro, 435Tyr, 441Leu
(absent in our database), 445Asn, 445Leu, 452Pro and 491Phe were grouped as disputed [4]. Double mutations were excluded as unclassifiable. Using
logistic regression, high-level mutations were used as reference group. *: as the proportion of clinically adverse outcomes was lower for 445Asn and
491Phe these mutations were grouped together. Using logistic regression, high-level mutations were used as reference group.
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Missed on pDST, KwaZulu-Natal’s deadly outbreak of multidrug-resistant (MDR)-TB with
fluoroquinolone and second-line injectable-resistance was caused by bacilli with the borderline 452Pro plus
435Gly as double mutation [9]. In Surinam, missed or undertreated borderline 435Tyr caused all
documented RR-TB, rising to 12% between 2012 and 2018, the highest prevalence in the Americas [10].
In Sao Paulo State 2014-2017, over half of 283 Xpert RR patients’ isolates were MGIT discordant.
Around 30% of RR-TB was caused by recent transmission of 445Asn mutated bacilli, virtually all in the
city and Metropolitan area [11].

Borderline mutations may also be missed by both Xpert MTB/RIF and LPA (GenoType MTBDRplus
version 2.0). Both rapid gDST tests intrinsically miss mutations outside the rifampicin resistance determining
region (RRDR), 170Phe and borderline mutation 491Phe. In Eswatini, bacilli carrying the 491Phe mutation,
missed first on MGIT and then also on rapid gDST are now responsible for more than half of all RR [12].
Moreover, Xpert MTB/RIF has difficulty to detect some relatively frequent borderline mutations, i.e. 435Tyr
and 452Pro, that do not cause a complete probe drop-out [13]. Also, heteroresistance (co-presence of mutant
and wild-type DNA) is missed often by Xpert MTB/RIF [14], and shows weaker wild-type bands without
mutation band on LPA, which is very difficult to identify.

Missed borderline RR on either pDST or rapid gDST has direct epidemiological impact. Under-diagnosis of
borderline mutations followed by inadequate treatment, with repeated relapse leading to prolonged and
recurrent periods of infectiousness, causes more secondary cases with borderline mutations through “diagnostic
selective pressure”. In Surinam and Eswatini, despite reportedly high cure rates with first-line treatment,
borderline-resistant strains became the main driver of RR transmission [10, 12]. With continuing multiplication,
even during rifampicin treatment, genetically enhanced clones may be selected, with an acquired higher level
resistance through a second rpoB mutation and/or resistance to other drugs added to the regimen [9].

Missed RR may have a grave effect in patients diagnosed with isoniazid-resistant/false rifampicin-susceptible
TB. WHO now recommends to strengthen first-line drugs with levofloxacin for isoniazid-resistant but (rapid)
gDST proven rifampicin- and fluoroquinolone-susceptible TB [15]. We reported elsewhere that the perceived
adverse effect of isoniazid resistance on first-line treatment is mainly due to missed RR on pDST [1],
virtually always a borderline mutation. This is in line with the findings of the original TB short-course
chemotherapy randomised clinical trials, i.e. that only rifampicin but not isoniazid causes excess recurrence [16].
For those patients with missed RR-TB due to borderline mutations, or because rifampicin DST simply
could not be performed, e.g. because rifampicin DST was not accessible or not operational, acquired
fluoroquinolone resistance on top of MDR-TB is expected to emerge and spread rapidly as an unintended
but grave consequence of this recommendation [15].

In conclusion, borderline rpoB mutations are not that uncommon, depending upon the geographical setting,
and responsible for an important part of all clinically, as well as epidemiologically, relevant RR. The term
borderline illustrates diagnostic challenges, but not their clinical relevance. As a group, they have the same
clinical impact as the high-confidence mutations and should be treated with a second-line regimen.
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