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Abstract
Background  Multi-drug or rifamycin-resistant tuberculosis (MDR/RR-TB) is an important public health concern, 
including in settings with high HIV prevalence. TB drug resistance can be directly transmitted or arise through 
resistance acquisition during first-line TB treatment. Limited evidence suggests that people living with HIV (PLHIV) 
might have an increased risk of acquired rifamycin-resistance (ARR).

Methods  To assess HIV as a risk factor for ARR during first-line TB treatment, a systematic review and meta-analysis 
was conducted. ARR was defined as rifamycin-susceptibility at treatment start with rifamycin-resistance diagnosed 
during or at the end of treatment, or at recurrence. PubMed/MEDLINE, CINAHL, Cochrane Library, and Google Scholar 
databases were searched from inception to 23 May 2024 for articles in English; conference abstracts were also 
searched from 2004 to 2021. The Mantel-Haenszel random-effects model was used to estimate the pooled odds ratio 
of any association between HIV and ARR among individuals receiving first-line TB treatment.

Results  Ten studies that included data collected between 1990 and 2014 were identified: five from the United States, 
two from South Africa and one each from Uganda, India and Moldova. A total of 97,564 individuals were included 
across all studies, with 13,359 (13.7%) PLHIV. Overall, 312 (0.32%) acquired rifamycin-resistance, among whom 115 
(36.9%) were PLHIV. The weighted odds of ARR were 4.57 (95% CI, 2.01–10.42) times higher among PLHIV compared to 
HIV-negative individuals receiving first-line TB treatment.

Conclusion  The available data, suggest that PLHIV have an increased ARR risk during first-line TB treatment. Further 
research is needed to clarify specific risk factors, including advanced HIV disease and TB disease severity. Given the 
introduction of shorter, 4-month rifamycin-based regimens, there is an urgent need for additional data on ARR, 
particularly for PLHIV.

Systematic review registration  PROSPERO CRD42022327337.
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Introduction
The World Health Organization estimates that 410,000 
individuals develop multi-drug-resistant (resistance to 
both a rifamycin (commonly rifampicin) and isoniazid) or 
rifamycin-resistant tuberculosis (MDR/RR-TB) globally 
each year [1]. The MDR/RR-TB burden is likely driven by 
both directly transmitted and acquired resistance, with 
modelling studies suggesting that direct transmission is 
the predominant epidemic driver [2–4]. However, resis-
tance acquisition continues to fuel the epidemic and may 
also be significant across many settings [5–7]. Strategies 
that both interrupt transmission and reduce resistance 
acquisition are therefore required to tackle the epidemic 
[4, 8].

Several risk factors have been described for acquired 
MDR/RR-TB, including the use of inadequate treatment 
regimens either due to undiagnosed and/or untreated 
pre-existing drug resistance, poor prescribing practices, 
interrupted or incomplete treatment and pharmacoki-
netic factors [4, 7, 9]. According to one systematic review, 
patients with any baseline or pre-treatment first-line 
TB drug resistance were almost five times more likely 
to develop MDR/RR-TB compared to those with base-
line pan-susceptible profiles [7]. Intermittent versus 
daily treatment regimens have also been associated with 
higher rates of acquired MDR/RR-TB, especially when 
intermittent dosing is started during the intensive phase 
of treatment [10–12].

The rifamycins, – which include rifampicin, rifabu-
tin and rifapentine, – are potent anti-tuberculosis drugs 
[13]. Rifampicin has been the more commonly used, 
while rifabutin has been incorporated into regimens 
for treating PLHIV to overcome drug-drug interactions 
with commonly used antiretroviral drugs [14–16]. New, 
4-month TB treatment regimens that include rifapen-
tine are now also recommended [17, 18]. While rifampi-
cin has been included in the recommended standardised 
6-month regimen for decades [18], rifabutin has been 
sometimes been used in intermittent TB regimens due to 
its longer half-life [16, 19].

Increased resistance acquisition, particularly to the 
rifamycins, has been described among people living with 
HIV (PLHIV) [10, 20–22]. These studies have primarily 
been small and describe increased acquired rifamycin-
resistance (ARR), often associated with advanced HIV 
disease [8, 9, 21]. While some studies have showed no 
difference in ARR risk between rifabutin- and rifampicin-
based regimens in PLHIV [10, 11], the use of intermittent 
regimens, particularly in the initial intensive treatment 
phase, was associated with increased ARR regardless 
of rifamycin used in one study [10], while low CD4 cell 
count and not the rifamycin used was associated with 
increased ARR among PLHIV in other studies [11, 19].

While HIV was shown to be associated with increased 
acquired drug resistance (ADR, any TB drug) during TB 
treatment in one systematic review [7], two other sys-
tematic reviews found no significant association between 
HIV and MDR-TB among individuals with previous TB 
treatment [23, 24], which is often assumed to reflect 
acquired resistance. These conflicting results have been 
attributed to small sample sizes, variations in TB and 
HIV burdens in the countries where the studies were 
conducted, and higher early mortality before resistance 
acquisition is detected among PLHIV. Advanced HIV 
disease, as indicated by a CD4 cell count below 200 cells/
mm3, may lead to changes in gut permeability, resulting 
in reduced absorption of antituberculosis drugs [25, 26]. 
With the potential expansion of 4-month rifapentine-
based TB treatment, describing ARR risk among PLHIV 
is crucial for optimizing treatment for the more than 
671,000 PLHIV who are estimated to develop TB globally 
each year [1].

Methods
We aimed to evaluate HIV as a risk factor for the acqui-
sition of rifamycin-resistance during first-line, rifamy-
cin-based TB treatment. The Preferred Reporting Items 
for Systematic Reviews and Meta-Analysis (PRISMA) 
guidelines were followed, and a completed PRISMA 
checklist has been included (Table S2). The review was 
registered in PROSPERO (crd.york.ac.uk/PROSPERO/ 
CRD42022327337).

Search strategy
We searched the PubMed/MEDLINE, CINAHL, 
Cochrane Library, and Google Scholar electronic data-
bases from inception to 23 May 2024, abstracts from 
conferences (International Union Against Tuberculosis 
and Lung Disease conferences, between 2004 and 2021) 
and reference lists of selected studies and other reviews 
to identify additional relevant studies. Our search was 
limited to studies published in the English language 
without any restriction on study setting. Medical Sub-
ject Headings (MeSH) terms (HIV and TB) and differ-
ent combinations of text words combined by Boolean 
operators were used to search for the relevant studies in 
the databases. The search terms used included TB treat-
ment, HIV, acquisition/acquire(d), incidence, emergence/
development, risk factor, drug resistance, rifamycin/
rifampicin/rifampin- resistant(nce) (RR-TB), multi-drug 
- resistant(nce) (MDR-TB), drug resistant(nce) (DR-TB), 
rifamycin/rifampicin/rifampin (Full detail in Appendix 
1).

All the identified study references based on the search 
criteria were imported into Covidence [27] for title and 
abstract screening, full text review and data extraction 
(including risk of bias indicators). Two reviewers (NZ and 
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HC) conducted title and abstract screening, followed by a 
full text review for potentially eligible articles. For studies 
where eligibility was ambiguous, inclusion was resolved 
through a consensus-based discussion.

Inclusion criteria
We included observational cohort studies and ran-
domised controlled trials (RCTs) that included indi-
viduals with bacteriologically confirmed TB receiving 
first-line TB treatment, where drug susceptibility testing 
(DST) was done for at least one rifamycin at treatment 
start and any time during treatment, at the end of treat-
ment, or at TB recurrence within 12 months of post TB 
treatment.

We included studies which reported data where ARR, 
among individuals with rifamycin-susceptible TB at 
treatment start, could be described as an outcome by 
HIV status, even if this was not a specified aim of the 
study. Only studies that included both PLHIV and HIV-
negative individuals and where the majority of individu-
als (more than 66%) had a known HIV status were taken 
forward for review.

Data extraction and risk of bias assessment
Structured data extraction and risk of bias assessment 
forms were constructed in Covidence. Relevant data was 
extracted for all the studies that met the eligibility crite-
ria. The Newcastle-Ottawa Scale (NOS) assessment tool 
[28] was used to assess the risk of bias for the observa-
tional studies; RCTs were also treated as observational 
studies for the purposes of this review (Appendix 2), 
and the risk of bias results are shown in Table S1. Two 
authors (NZ and HC) independently assessed the risk of 
bias. Extracted data included: study design, study period, 
study setting, description of the study population, TB 
DST conducted and timing, directly observed therapy 
provision, frequency of treatment provision (daily ver-
sus intermittent), baseline DR profile, treatment regi-
men, timing of ARR determination, ARR (stratified by 
HIV status), assessment of reinfection or superinfection 
as cause of ARR (where available), HIV status (including 
any reported effect measures), and general comments 
on confounding, exclusions, limitations and strengths. 
Authors from two more recent studies provided addi-
tional data on ARR among individuals with rifamycin and 
isoniazid susceptible TB at treatment start [29, 30].

Statistical analysis
Review Manager 5.4.1 [31] was used for the meta-anal-
ysis. A random-effects model was used to analyse the 
extracted data to ensure that estimates were not overly 
influenced by heterogeneity between the studies. Using 
the Mantel-Haenszel random-effects model, the effect 
measure (odds ratio, OR) with 95% confidence intervals 

for each study was estimated. A pooled OR of ARR in a 
random effects meta-analysis irrespective of study design 
was estimated as the overall effect measure, stratified by 
HIV status of the study populations. The I2 statistic was 
used to measure the degree of heterogeneity between the 
studies. Funnel plots, Beggs’s and Egger’s tests were used 
to assess publication bias. Publication bias was assessed 
by examining the funnel plot of the odds ratios (OR) 
against the standard error (SE) of the logarithm of the OR 
for each study.

Results
Study selection
We identified a total of 2,641 articles through the elec-
tronic database search (35 of which were identified by 
screening the reference list of the included studies) 
(Fig. 1). Of these, 1,285 articles were excluded as dupli-
cates. After title and abstract screening of the 1356 
remaining articles, 1144 were excluded, leaving 212 for 
full text review (NZ and HC). Following full text review, 
202 articles were excluded, leaving 10 eligible articles 
that met the inclusion criteria. The 10 eligible articles 
included one RCT (cross-protocol analysis), three pro-
spective cohort studies and six retrospective cohort 
studies.

Study characteristics
The ten included studies comprised five from the United 
States (US), two from South Africa, and one each from 
Uganda, India, and Moldova. Among these, six studies 
[10, 22, 30, 32–34] tested all individuals for HIV, while 
the remaining four had 11.8% [29], 17.3% [35], 20.7% 
[36] and 33.9% [11] individuals with unknown HIV sta-
tus. Those with unknown HIV status, mainly from low 
HIV incidence settings, were grouped with HIV-nega-
tive individuals. In one study, individuals with unknown 
HIV status did not differ demographically and clini-
cally compared to HIV-negative individuals [11], except 
for a higher median age. Another study, indicated that 
these individuals, although older, showed no disparities 
in TB outcomes and lacked specific risk factors for HIV 
[35]. However, the remaining two studies did not pro-
vide information on potential similarities or differences 
among the HIV groups [29, 36].

Table 1 shows characteristics of the included studies. In 
total, 97,564 individuals were enrolled across all studies, 
with 84,205 HIV-negative and 13,359 (13.7%) PLHIV; the 
proportion of individuals who were HIV-positive ranging 
from 4.7% [29] to 57% [30].

The included studies encompassed data collected 
between 1990 and 2014. Most of the combined data 
(94.4%) were contributed by studies from the US, while 
the two South African studies contributed 0.7%, and 
studies from Uganda, India and Moldova contributed 
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0.4%, 0.5% and 4.1%, respectively. After weighting 
according to sample size in each study, most of the com-
bined data (49.8%) was contributed by US, while South 
Africa, Uganda, India and Moldova contributed 15.5%, 
7.3%, 9.1% and 18.3%, respectively.

Only four studies reported adjusted and/or unadjusted 
effect measures (OR/ hazard ratios (HR)) of ARR by HIV 
status, primarily because ARR was not a primary study 
objective (Table  2). Three studies reported ARR sepa-
rately among individuals with new and recurrent TB 
(defined at TB treatment start), while six studies did not 

differentiate ARR by either new or recurrent TB, and only 
one study focused specifically on new TB. Follow-up was 
generally until treatment completion or failure of treat-
ment, with DST conducted at baseline and at the end of 
treatment. Some studies also conducted DST at multiple 
time points during treatment [22, 29, 33]. Additionally, 
four studies [10, 11, 30, 35] assessed ARR at TB recur-
rence, occurring anywhere from the end of treatment 
to 12 months post-treatment. In assessing reinfection 
as a cause of ARR, strains of TB (where available) were 

Fig. 1  Study selection process flowchart
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characterized through various genotyping techniques in 
five studies (Table 1) [11, 22, 30, 34, 35].

The standardized regimen for drug susceptible TB 
consisting of isoniazid, rifampicin (or rifabutin), pyra-
zinamide, and ethambutol in the intensive phase and iso-
niazid and rifampicin in the continuation phase [18] was 
used in all the studies; with small variations in treatment 
duration, use of rifabutin for some individuals instead 
of rifampicin in two studies [10, 11], and the inclusion 
of streptomycin in some regimens in two studies [29, 
34]. Four studies provided daily treatment throughout, 
two studies did not specify treatment frequency, while 
the remainder had varying treatment frequency. The ten 
studies utilised directly observed therapy (DOT) with 
varied approaches and implementations (Table 1). In the 
intensive phase, five had continuous DOT, with three in 
the continuation phase. Additionally, three studies had 
variable DOT in the intensive phase, while most had 
either variable or partial DOT in the continuation phase. 
Treatment adherence was only assessed in two studies. 
One exclusively included individuals with greater than 
80% adherence [22], and the other found no association 
between ARR and nonadherence [10].

HIV status and risk of ARR
HIV was identified as a risk factor for ARR in six [10, 11, 
22, 29, 35, 36] of the ten studies, including the four stud-
ies [10, 22, 29, 36] that directly reported ARR risk by HIV. 
Rifamycin-resistance was acquired by 312 (0.32%) indi-
viduals during or after treatment, with 115 (36.9%) being 
PLHIV. Among PLHIV, 0.86% acquired rifamycin-resis-
tance, compared to 0.23% among HIV-negative individu-
als. The crude risk of ARR was 3.70 (95% CI, 2.9–4.67) 
times higher in PLHIV than in HIV-negative individuals. 
The meta-analysis of the 10 studies showed HIV as a sig-
nificant risk factor for ARR, with PLHIV 4.57 (95% CI, 
2.01–10.42) times more likely to acquire rifamycin-resis-
tance during or within 12 months of post first-line TB 
treatment compared to HIV-negative individuals (Fig. 2).

A sub-group analysis was conducted to explore dif-
ferential risk, categorizing countries into high and low 
HIV prevalence settings. Among the three sub-Saharan 
African studies, one suggested higher ARR risk among 
PLHIV, while two found a lower ARR risk among PLHIV 
[30, 32, 34]. However, none were significant, and the 
pooled OR (0.90, 95% CI 0.23–3.47) was also not sig-
nificant (Figure S1). Conversely, the seven studies from 
low HIV prevalence settings provided strong evidence 
that PLHIV have a higher risk of ARR compared to HIV-
negative individuals, with a pooled OR of 7.37, (95% CI 
3.03–17.92).
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Risk factors for ARR among PLHIV
Given the heterogeneity of included studies, small PLHIV 
cohort size, and relatively small ARR risk overall, assess-
ment of risk factors for ARR among PLHIV was not 
possible. Nonetheless, two studies showed that ART 
provision significantly decreased the risk of ARR among 
PLHIV, although ARR risk remained higher than in HIV-
negative individuals [22, 30]. Another study highlighted 
that PLHIV on ART were more likely to receive rifabutin 
instead of a rifamycin-regimen, but the risk of ARR was 
not described separately for the two regimens [11].

One study noted that the risk of ARR among PLHIV 
did not depend on the rifamycin (rifabutin versus rifam-
picin) used, but on the dosing schedule throughout the 
treatment period [10]. They found that PLHIV treated 
with rifampicin-based regimens alone had a higher risk 
of ARR if intermittent dosing of rifampicin was initi-
ated during the intensive phase of treatment compared 
to PLHIV without intermittent dosing. This risk also 
remained in PLHIV with advanced HIV. In another study, 
an increased risk of ARR was also observed in PLHIV 
with intermittent treatment during the continuation 
phase, particularly among those with a low CD4 count 
[11]. While another study also found the incidence of 
ARR to be high among PLHIV with treatment failure and 
relapse with intermittent treatment [22].

Three studies identified baseline low CD4 cell count as 
a significant risk factor for ARR [10, 11, 22]. The low CD4 
cell counts identified as risk factors in the studies were 
less than 100 cells/µl [10], a median of 51 cells/µl [11] 
and a median of 93 cells/µl [22]. There were three studies 
that reported ARR risk among individuals with pre-treat-
ment rifamycin-susceptible and isoniazid-resistant TB, 
although this was not stratified by HIV status (Table  2) 
[22, 29, 36]. In all three studies, pre-treatment isoniazid-
resistance was associated with significantly increased risk 
of ARR.

Potential confounding of ARR risk among PLHIV
Given the potential for increased exposure to MDR/
RR-TB during treatment among PLHIV, differentiat-
ing true resistance acquisition from superinfection with 
MDR/RR-TB is relevant. Among the five studies where 
genotyping was used to assess reinfection or superinfec-
tion with MDR/RR-TB, one study identified the same 
TB strain in all three ARR instances [11]. Another study, 
identified the same TB strains in 9 of 16 individuals with 
recurrent TB, including 2 ARR instances out of the total 
11 in the study, both in PLHIV [35]. However, the other 
three studies did not report the genotyping results for 
any ARR instances [22, 30, 34], and therefore could not 
accurately identify true ARR.

Among the five studies from the US, HIV was propor-
tionally more common among substance users, middle 
aged adults, African-American individuals, those born 
outside the US and people living in community-based 
facilities and prisons. Unfortunately, none of these stud-
ies reported whether these factors confounded any 
association between ARR and HIV. However, one study 
indicated that ARR was more common in prisoners, but 
they did not report by HIV-status [36]. Additionally, 
PLHIV were treated for significantly longer durations 
compared to the HIV-negative group in one study [35].

One of the three African studies included male migrant 
(internal and international) gold miners residing in hos-
tels on mining sites, where there was a high prevalence 
of HIV-infection and particularly high TB transmission 
[32]. This study did not distinguish between TB reinfec-
tion and relapse. Individuals self-reported TB symptoms, 
and active case finding involved contact tracing of men 
who shared dormitories with individuals with diagnosed 
TB disease.

The second African study included previously treated 
TB individuals presenting for treatment at a hospital in 
Kampala, Uganda, a national referral center, with 30% 

Fig. 2  Forest plot of acquired rifamycin-resistance by HIV status (M-H random effects model)
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referred from various parts of the country [34]. They 
were initially hospitalised, with admission recommended 
in the first two months of treatment, and later received 
DOT at primary healthcare facilities. These individu-
als potentially faced an elevated risk of nosocomially 
transmitted MDR/RR-TB [22], and the study popula-
tion may not be representative of recurrent TB because 
of selection and referral biases [34]. Finally, three studies 
excluded individuals lost to follow-up and deaths during 
treatment in the denominator for ARR risk [10, 11, 29], 
while this is unclear in the other seven studies.

Heterogeneity and publication bias
There was substantial statistical heterogeneity (I2 = 71%) 
using the random-effects model as expected for obser-
vational studies; nevertheless, the forest plot in Fig.  2 
displays consistent point estimates across all but two 
studies [32, 34]. These two studies, both conducted in 
sub-Saharan Africa with a high HIV prevalence, found 
that HIV-negative individuals to be at a higher risk than 
PLHIV, although this was not significant in either study. 
In the subgroup analysis, there was no statistical hetero-
geneity for studies from Africa (I2 = 0%), while there was 
significant heterogeneity in studies from other regions 
(I2 = 74%) (Figure S1).

The funnel plot (Fig. 3) exhibits an asymmetrical distri-
bution of the effect estimates, suggesting potential publi-
cation bias; however, both the Egger (p = 0.569) and Begg 
(p = 0.283) tests indicated no evidence of publication bias. 
The heterogeneity observed could be attributed to vari-
ability in study design, demographics, clinical character-
istics, and methodological quality.

Discussion
This systematic review suggests that PLHIV are over 
four times more likely than HIV-negative individuals to 
develop rifamycin-resistance while receiving rifamycin-
based first-line TB treatment. While the overall propor-
tion of PLHIV who acquired resistance was relatively low, 
in high TB burden settings where the majority of individ-
uals with TB are living with HIV, this small proportion 
nevertheless represents a substantial absolute number of 
individuals and this may be sufficient to drive the contin-
ued emergence of MDR/RR-TB [3, 37, 38].

The majority of available data were obtained from low 
TB burden settings (notably the US) with only three 
smaller studies from the African region. Additionally, 
no data was available from after 2014 and most studies 
were not able to distinguish between true ARR or rein-
fection with rifamycin-resistant TB strain. Nonetheless, 

Fig. 3  Funnel plot of the risk of acquired rifamycin-resistance studies included in meta-analysis
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these findings align with a previous systematic review 
indicating a 3-fold increased risk of acquisition of any 
TB drug resistance among PLHIV [7]. Notably, the pre-
vious review focused primarily on the presence of pre-
treatment drug resistance, along with HIV, as risk factors 
for acquired resistance to any TB drug and only included 
studies with at least one risk factor for resistance acquisi-
tion during treatment.

There were only three small studies from high HIV 
prevalence countries in Africa, and these showed incon-
sistent results. Two of the three African studies suggested 
that HIV-negative individuals might have a higher ARR 
than PLHIV. Importantly, these two studies had distinct 
populations: men working in South African gold mines 
and previously treated TB individuals hospitalized to 
receive treatment at a national referral and TB treatment 
hospital in Uganda. These populations are likely to be at a 
greater risk of reinfection with an already resistant MDR/
RR-TB strain, which may be subsequently observed as 
acquired drug resistance. Neither study confirmed ARR 
using genotyping approaches.

The negative association in these two studies may 
also be attributed to a higher proportion of PLHIV who 
acquire resistance and subsequently die before ARR is 
detected [7], with 89 deaths per 1000 population [32] in 
one of the studies. Unfortunately, neither study specified 
if deaths were excluded from the denominator for ARR 
risk.

The US, with a relatively low TB and HIV prevalence 
[1], contributed around half of the available data, while 
the three African studies contributed less than a quarter 
of the overall data. In low HIV prevalence settings, such 
as the US, HIV primarily affects distinct populations, 
including men who have sex with men, people who inject 
drugs and ethnic minorities [39]. In contrast, in sub-
Saharan Africa, HIV predominantly affects young people 
and women, reflecting a different population profile in 
mostly resource-limited settings [40]. Consequently, the 
overall weighted risk may not represent the majority of 
the global burden of TB among PLHIV.

All ten included studies were conducted between 1990 
and 2014, a period when access to ART in resource-
limited settings was limited (triple-drug ART was only 
available in 1996 in limited settings). Additionally, four 
of the five US studies were conducted in the late 1990s 
and early 2000s, when ART provision was less compre-
hensive [39]. Overall, insufficient data were reported on 
HIV treatment status, making it difficult to discern any 
effect of ART on ARR. Nonetheless, two studies reported 
a significantly lower ARR risk with ART provision [22, 
30], with one concluding that despite the risk reduction, 
ART did not completely eliminate the risk of ARR [22].

The NOS assessment tool, primarily designed for non-
randomized studies, may not be appropriate for the single 

RCT we treated as an observational study. The NOS does 
not evaluate key aspects of randomization, assess blind-
ing, or focus on biases such as confounding and selec-
tive reporting of outcomes [28, 41, 42]. Additionally, the 
scale used treats all criteria equally and overlooks meth-
odological issues and rigor specific to RCT’s. The NOS 
is also subjective and open to interpretation, potentially 
leading to inconsistencies and variability in assessments 
between reviewers [42]. Nevertheless, as the trial was not 
designed to assess our research question (HIV as a risk 
factor for the acquisition of rifamycin-resistance) we con-
sidered it appropriate to treat this study as an observa-
tional study [43].

Genotyping of TB strains, both pre-treatment and at 
ARR occurrences, is necessary to accurately differenti-
ate true ARR from reinfection [44]. Only five included 
studies reported any genotyping, with very limited data 
specifically for the ARR instances described. Nosoco-
mial transmission of MDR/RR-TB may be an important 
cause of apparent emergence of resistance during treat-
ment, particularly in countries, where all TB patients are 
hospitalized to receive treatment [29, 45]. In the study 
from Moldova, a country of low HIV prevalence and 
high MDR/RR-TB [1], PLHIV may have been particu-
larly vulnerable to superinfection with MDR/RR-TB [46], 
although genotyping was not available [29].

In addition to the limitations of available data described 
above, this review has several other limitations. In most 
of the studies, ARR was a secondary outcome rather than 
the main research focus. Consequently, most studies 
were not adequately powered to investigate the HIV-ARR 
association. This likely affected data quality, statistical 
power, introduced bias, and hindered the ability to draw 
definitive and generalizable conclusions about the HIV-
ARR association. Additionally, potential selection bias 
might have arisen from suboptimal sampling methods 
or inclusion criteria not ideal for assessing the impact 
of HIV on ARR risk. Moreover, confounders related to 
ARR risk, such as treatment adherence, PLHIV dying 
before ARR detection, ART status and duration, CD4 cell 
count, and co-morbidities were not adequately reported 
and therefore not able to be analysed. Additionally, while 
baseline isoniazid mono-resistance is a known risk factor 
for ARR [20, 47], insufficient data were available to assess 
the impact of isoniazid mono-resistance in the context of 
HIV.

Suboptimal adherence to TB treatment has been listed 
as a potential risk factor for acquired TB drug resistance 
generally, including PLHIV [7, 48]. However, there is lim-
ited data to support this assertion, with pharmacokinetic 
variation posited as a more likely cause [49, 50]. This 
proposition was supported by a meta-analysis published 
in 2012 and a subsequent study conducted in South 
Africa, both identifying pharmacokinetic variability as a 
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risk factor for acquired drug resistance, particularly low 
rifampicin and isoniazid bioavailability even with perfect 
adherence [49, 51]. Further work describes the combi-
nation of pharmacokinetic variability and different TB 
lineages leading to varying propensities for acquiring 
resistance [52]. The extent to which varying pharmaco-
kinetics contributes to ARR among PLHIV specifically 
remains unclear, with a systematic review unable to draw 
definitive conclusions as to the effect of HIV on first-line 
TB drug pharmacokinetics, due to the heterogeneity of 
available data [53]. Overall, the potential contribution of 
suboptimal adherence to ARR could not be assessed in 
this review. Firstly, there is no standardised method of 
measuring adherence, with different methods employed 
depending on the setting, disease burden, infrastructure 
and resources available [7]. While some included studies 
reported use of DOT versus self-administered therapy 
as a proxy measure for acceptable adherence, the use of 
DOT varied across included studies depending on previ-
ous TB treatment, treatment phase and dosing schedule. 
Significant heterogeneity was observed between the stud-
ies, especially from regions other than Africa, likely due 
to differences in study designs, population and clinical 
characteristics.

Despite the disproportionate burden of TB among 
PLHIV and the importance of the MDR/RR-TB in 
this vulnerable population, this review highlights the 
dearth of data on the emergence of resistance to rifa-
mycins during TB treatment for PLHIV. While efforts 
to scale up to the 4-month rifapentine-based regimen 
and develop new shorter TB regimens are underway 
[17, 18, 54], efforts to characterize and mitigate the 
risk of ARR, both generally and among PLHIV, are 
urgently required. As it is unlikely that clinical trials 
will ever be sufficiently powered to assess resistance 
emergence as an outcome, analysis of large-scale rou-
tine observational data is likely to be informative, 
along with modelling approaches drawing on both 
clinical trial and observational data. Importantly, there 
is already substantial evidence that higher rifampicin 
doses are both safe and may lead to improved patient 
outcomes [55], and there are moves for a more indi-
vidualised approach to TB treatment that takes into 
account variation in clinical characteristics such as 
TB disease severity and HIV status [56, 57]. These 
approaches should be pursued and are likely to provide 
more effective and more person-centred TB care.
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