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Abstract

Introduction: Antiretroviral and anti-tuberculosis (TB) drugs are often co-administered in people 

living with HIV (PLWH). Early initiation of antiretroviral therapy (ART) during TB treatment 

improves survival in patients with advanced HIV disease. However, safety concerns related to 

clinically significant changes in drug exposure resulting from drug-drug interactions; development 
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of overlapping toxicities and specific challenges related to co-administration during pregnancy 

represent barriers to successful combined treatment for HIV and TB.

Areas covered: Pharmacokinetic interactions of different classes of ART when combined with 

anti-TB drugs used for sensitive-, drug-resistant (DR) and latent TB are discussed. Overlapping 

drug toxicities, implications of immune reconstitution inflammatory syndrome (IRIS), safety in 

pregnancy and research gaps are also explored.

Expert opinion: New antiretroviral and anti-tuberculosis drugs have been recently introduced 

and international guidelines updated. A number of effective molecules and clinical data are now 

available to build treatment regimens for PLWH with latent or active TB. Adopting a systematic 

approach that also takes into account the need for individualized variations based on the available 

evidence is the key to successfully integrate ART and TB treatment and improve treatment 

outcomes.
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1. Introduction

Tuberculosis (TB) is the leading cause of death in people living with HIV (PLWH). It is 

estimated that PLWH have 11 to 26 times greater life time risk of developing active TB than 

people without HIV, with the incidence being especially high in low and middle-income 

countries [1]. Antiretroviral treatment (ART) decreases mortality among PLWH with active 

TB [2–4]. In the last few years new ART formulations with improved safety profiles have 

become available (e.g. the superior bone and kidney safety of tenofovir alafenamide, over 

tenofovir disoproxil fumarate)[5], lower doses of certain existing drugs have been evaluated 

and shown to be as effective and better tolerated (efavirenz 400 mg compared to 600 mg) 

[6,7] and combinations of long-acting injectables have recently been shown to have non-

inferior efficacy relative to oral combinations [8].

However, despite important advances, co-administration of drugs that have to be taken for 

long periods (currently a minimum 6 months for the treatment of TB) or for life (ART) still 

poses safety challenges. Key issues in treatment are drug-drug interactions, which can result 

in subtherapeutic concentrations of ART and/or anti-TB drugs resulting in impaired efficacy, 

development of overlapping toxicities, immune reconstitution inflammatory syndrome 

(IRIS) and concerns regarding teratogenicity and safety during pregnancy.

After decades of little change, advances in the treatment of TB have been recently achieved. 

Whilst the recommended first-line treatment for drug sensitive TB remains the four agents 

RIF, isoniazid, pyrazinamide and ethambutol, data on the efficacy and safety of the newly 

approved agents bedaquiline and delamanid for the treatment of drug resistant (DR)-TB 

have become available. DR-TB is a global public health threat causing enormous morbidity 

and socio-economic burden in affected communities. The WHO estimated over 560,000 new 

cases in 2017, with at least 90,000 incident cases in the WHO African region, where the 

proportion of HIV-associated TB patients is up to 60% [9]. This overlapping epidemiology 
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means that concomitant therapy for HIV and DR-TB will be frequently needed in TB 

treatment programs, particularly with provision of universal ART.

While awaiting more drugs to be developed, several agents that had been licenced for 

infections other than TB, such as clofazimine, fluoroquinolones, carbapenems and 

oxazolidinones have been recently repurposed for the treatment of DR-TB. The evidence of 

their efficacy and safety is based on observational studies [10,11].

Regardless of the recent introduction of new ART and anti-TB drugs, co-managing TB with 

HIV simultaneously is a complex clinical challenge that also demands a systematic approach 

in order to minimize treatment failure and reduce morbidity and mortality [12]. Adverse 

drug reactions due to overlapping toxicities and drug-drug interactions may be factors that 

result in the worse TB treatment outcomes observed in HIV [13,14], and are therefore 

important to anticipate and actively manage [15].

The objective of this review is to discuss the safety of co-administration of ART and anti-TB 

drugs and to propose a practical approach to help improve patients’ safety during co-

administration. Gengiah et al reviewed this topic in 2011, predominately focusing on drug 

safety of agents used in drug-sensitive TB when administered with ART [16]. In this review, 

PK and safety data of drugs recommended for the treatment of DR- and latent TB (latent 

TB) in adults will be also discussed. An additional focus on the management of HIV-

associated TB during pregnancy is added. Considerations of the impact of ART and TB 

treatment co-administration in infants and children are also of great importance, but are 

outside the scope of this review.

2. Drug-drug interactions between anti-TB drugs and ART

2.1 First-line anti–TB drugs

Amongst first-line anti-TB drugs, rifamycins (rifampicin (RIF), rifabutin and rifapentine) are 

key agents due to their effective sterilising action. They are also responsible for most of the 

relevant drug-drug interactions with antiretrovirals. RIF is a potent inducer of hepatic phase 

I and phase II enzymes [17–19] [cytochrome P450 (CYP450) and uridine diphosphate 

glucuronosyltransferase 1A1 (UGT1A1)] and of drug transporter P-glycoprotein (P-gp) [20]. 

Co-administration of antiretroviral drugs which are substrates of these enzymes and 

transporter leads to significant reduction in their bioavailability. Here we discuss the PK 

interactions between rifamycins and anti-HIV agents and recommended drug dosing (Table 

1).

2.1.1 Nucleos(t)ide reverse transcriptase inhibitors (NRTI)—Most NRTI are not 

subject to drug-drug interactions with RIF. One exception is tenofovir alafenamide, which is 

a substrate of P-gp. A PK study of RIF and tenofovir alafenamide in healthy volunteers [21] 

showed a reduction in plasma tenofovir alafenamide AUC by 55%, and decreased 

intracellular (IC) tenofovir-diphosphate concentrations (the active molecule) by 36%. The 

authors noted that the IC concentrations were still 76% higher than those with standard dose 

tenofovir disoproxil fumarate, meaning that tenofovir alafenamide efficacy should not be 
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compromised with concomitant RIF co-administration. However, clinical efficacy data is 

warranted before tenofovir alafenamide is used in routine clinical practice with RIF [22].

2.1.2 Non-nucleoside reverse transcriptase inhibitors (NNRTI)—The strongest 

clinical evidence of safe and effective co-administration with RIF is with efavirenz [23–27]. 

Efavirenz is a substrate of the CYP450 family [28], mainly CYP2B6, with minor 

contributions from CYP3A4/5 [29]. There is a high variability in efavirenz concentrations 

When given with or without RIF [30,31], mainly due to CYP2B6 polymorphisms [32]. 

Various studies have shown good virologic efficacy and clinical outcomes with standard 

efavirenz dosing (600 mg) and RIF. When efavirenz is given at reduced doses (of 400 mg 

once daily) with RIF the plasma exposures are within efficacy ranges (Ctrough between 1–4 

mcg/mL)[33], irrespective of CYP2B6 genotype [34]. These results were confirmed in a 

subsequent pharmacokinetic trial conducted in Uganda enrolling ten patients with HIV-

associated TB who were switched to efavirenz 400 mg during treatment with RIF and 

isoniazid [35]. Nevertheless, validation in a larger cohort is needed.

Nevirapine is extensively metabolized via CYP3A4. Numerous studies have reported sub-

therapeutic concentrations of nevirapine with RIF, and increased virological failures in 

patients starting antiretroviral treatment [27].

Rilpivirine [36], etravirine [37], and doravirine are also primarily metabolized via CYP3A4 

and their concentrations fall significantly with RIF[38], such that they should not be co-

administered.

Doravirine exposure decreased by 50% with rifabutin, although twice daily dosing of 

doravirine appears to effectively overcome the induction [39].

2.1.3 Integrase inhibitors (INSTI)—Of the INSTI, raltegravir and dolutegravir are 

both substrates of UGT1A1. RIF co-administration reduces raltegravir exposure by 40% and 

dolutegravir AUC by 54% [19,40]. Both drugs are commonly and effectively used in clinical 

practice at a standard dose of 400 mg twice daily or double dose (800 mg twice daily) for 

raltegravir as investigated in the Reflate TB study [41], and at a double dose of 50 mg twice 

daily for dolutegravir [42]. There is lack of clinical and PK data for raltegravir 1200 mg 

(once daily dose) with RIF which should not be used. Dolutegravir 50 mg once daily allows 

for trough concentrations still above the protein binding-adjusted IC90 of 64 ng/mL in a PK 

study on healthy volunteers[43].

Both elvitegravir/cobicistat and bictegravir are CYP3A4 and UGT1A1 substrates: RIF 

greatly reduces their concentrations and their concurrent use is contraindicated [44–46]. Use 

of elvitegravir/cobicistat with rifabutin is also contraindicated due to reduced elvitegravir 

exposure and there are little data with concomitant use of rifabutin and bictegravir whose 

AUC is reduced by 38% [47].

2.1.4 Protease inhibitors (PI)—Protease inhibitors (PI) should not be used with RIF as 

the latter has a profound impact on their concentrations. However, if no other options are 

available, a dose adjustment of lopinavir/ritonavir 800/200 mg twice daily has demonstrated 
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been effective in overcoming the RIF induction under close safety and therapeutic drug 

monitoring [48,49]. Rifabutin is the rifamycin of choice when use of PI is necessary, as it 

induces CYP3A4 to a lesser degree. Nevertheless, concentrations of rifabutin and its active 

metabolite increase significantly as it is a substrate of CYP 3A4 when administered with a 

boosted-PI and rifabutin dose needs to be reduced in order to avoid excessive exposure and 

subsequent adverse effects. There is a lack of consensus on the optimal dose of boosted PI to 

adopt [50], although rifabutin at 150 mg once daily is recommended by most international 

guidelines [51,52]. Cobicistat should not be used with rifabutin as its exposure is reduced by 

66% and there is a more than five-fold increase in 25 OH desacetyl rifabutin [52,53].

2.1.5 Other drugs—The use of long-acting injectables (cabotegravir plus rilpivirine) for 

the treatment of HIV has recently demonstrated great efficacy and safety in clinical trials [8], 

although once again cabotegravir is subject to RIF-induction and therefore their co-

administration contraindicated [54]. Novel classes of antiretrovirals in the HIV pipeline 

present improved options for the treatment of multidrug resistant-HIV. Among those 

recently approved, Ibalizumab is a post-attachment inhibitor with no significant 

pharmacological interactions expected with RIF, however its role and safety in patients 

infected with TB is not known. [55]. Likewise, albuvirtide, a fusion inhibitor currently 

approved in China, lacks data regarding its administration with other antivirals and during 

TB treatment [56]. Fostemsavir is an attachment inhibitor tested in Phase III studies. The 

active component of fostemsavir, temsvir, is a P-gp and CYP3A4 substrate. A PK study in 

healthy volunteers RIF resulted in significantly reduced temsvir exposure when co-

administered with fostemsavir [57], whilst no major decrease was seen when fostemsavir 

was administered with rifabutin.[58]. Fostemsavir is a promising salvage therapy for 

multidrug-resistant HIV, however data are needed before its use can be considered during 

TB treatment with rifabutin or other anti-TB drugs.

2.2 Anti-TB drugs used for latent TB

Drugs recommended for latent TB treatment include INH, RIF and rifapentine. For regimens 

including RIF, all the drug-drug interactions described above and summarised in Table 1 

apply.

INH has also potential for drug-drug interactions. Efavirenz is indeed also metabolized by an 

accessory pathway involving CYP2A6, that is inhibited by INH thus slow metabolizers can 

result in increased efavirenz concentrations [59].

Rifapentine induces CYP450 and glucuronosyltransferases [60], and when given daily is a 

more potent inducer than daily RIF therapy [61]. Rifapentine can be given as a once weekly 

regimen with INH for 12 weeks [62], or daily with INH, for 4 weeks [63]. Rifapentine can 

be safely administered with efavirenz both daily or weekly and daily or weekly when 

combined with raltegravir [64] [65][66]. Although a previous clinical trial in healthy 

volunteers was stopped prematurely because unexpected adverse reactions[67], a recent 

study with dolutegravir given with weekly rifapentine/isoniazid in PLWH showed that 

dolutegravir could be administered safely and without dose adjustment [68].
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2.3. Second-line anti-TB drugs

Most agents used in conventional DR-TB treatment regimens have no major PK drug-drug 

interactions with ART[69]. An exception is moxifloxacin, which was found in a population 

PK study to have higher clearance and lower concentrations in patients with HIV-associated 

TB on efavirenz, possibly due to induction by the latter of moxifloxacin metabolism via 

UDP-glucuronosyltransferase (UGT)[70]. The clinical relevance of this is unknown, and no 

dose adjustments are currently recommended.

Introduction of highly effective new and repurposed drugs have changed the treatment 

landscape for DR-TB, introducing new challenges for co-administration with ART.

2.3.1 Bedaquiline—Perhaps the most important advance in DR-TB treatment has been 

the introduction of bedaquiline into treatment programs. A diarylquinoline, bedaquiline has 

a unique mechanism of action by inhibiting mycobacterial ATP synthesis. Due to potent 

antimycobacterial activity, bedaquiline enables DR-TB treatment shortening resulting in 

improved outcomes, including survival in a large retrospective cohort analysis [71]. 

Although well tolerated, it is associated with prolongation of the QT interval. Another 

drawback is that bedaquiline is primarily metabolised by cytochrome P450 3A4 (CYP3A4)

[72], and is thus subject to a drug-drug interactions with ART drugs that modulate activity of 

this isoenzyme. Drugs that inhibit CYP3A4, such as ritonavir-boosted PIs,[73,74] may lead 

to increased bedaquiline concentrations, potentially increasing the risk for toxicity, 

especially QT prolongation. CYP3A4 inducers, especially RIF, may affect the PK of 

bedaquiline in the opposite direction, potentially leading to reduced efficacy and resistance 

selection.

The NNRTIs efavirenz and nevirapine are CYP3A4 inducers [75], and widely used in high 

HIV-TB burden settings, posing potential problems for co-administration with bedaquiline. 

A population PK model based on phase 1 trial data predicted a 50% reduction in steady-state 

bedaquiline exposure when co-administered with efavirenz over time [76][77] This 

combination is likely to compromise treatment efficacy as bedaquiline’s PD effect is driven 

by average concentration (area under the concentration-time curve, AUC), and should be 

avoided. In contrast, non-linear mixed effects modelling of healthy volunteer data suggested 

no effect of nevirapine on bedaquiline PK, and that the drugs could be co-administered 

without dose adjustment [78]. This finding was confirmed by non-compartmental analysis of 

clinical data from a small PK study involving patients with HIV-associated TB (n = 17) on 

nevirapine -based ART, who had similar bedaquiline exposures to no-ART controls [79]. 

Rilpivirine, at standard dose of 25 mg daily, are unlikely to have an important impact on 

bedaquiline exposure. There may be additive effect on QT prolongation, especially at 

supratherapeutic doses of rilpivirine [80].

In that study, bedaquiline PK was also evaluated in patients on lopinavir/ritonavir-based 

ART. As predicted by a PK model [78,81], which showed substantially reduced clearance of 

bedaquiline and its N-monodesmethyl metabolite, M2, during chronic co-administration, 

patients taking concomitant lopinavir/ritonavir had significantly increased bedaquiline 

exposure (62% increase in AUC) compared to the no-ART group [79]. The clinical 

significance of this is unknown, but there are concerns that elevated concentrations of 
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bedaquiline, and particularly M2 (which is thought to be more toxic than the parent 

molecule [82,83]), may enhance QT-prolonging effects. Consequently, PIs should be used 

with caution and with closer electrocardiogram (ECG) monitoring in combination with 

bedaquiline, and avoided if other ART options are available. This is especially relevant when 

used in combination with other QT-prolonging agents. Other drugs which result in QT 

prolongation, such as fluoroquinolones,(in particular moxifloxacin) [84,85], clofazimine 

[86], and delamanid [87], are frequently co-administered with bedaquiline in DR-TB 

regimens, with the possibility for additive toxicity [88]. However, emerging clinical data 

suggest that the combined use of these drug classes is safe [89,90].

Co-administration of bedaquiline with other antiretroviral agents has not been studied. 

Based on known metabolism of integrase inhibitors, which do not influence CYP3A4, a 

clinically significant interaction with bedaquiline is not expected although the use of 

cobicistat-boosted INSTIs may increase bedaquiline exposure. Table 2 summarizes the DDI 

between bedaquiline and ART.

2.3.2 Nitroimidazoles—The nitroimidazoles, delamanid and pretomanid (formerly 

PA-824), are the second new class of anti-TB drugs that have entered clinical practice. Of 

these, delamanid has been most extensively evaluated and is now registered for clinical use. 

Delamanid is primarily metabolized by albumin, with a smaller contribution by CYP. 

[91,92]. Like bedaquiline [72], delamanid does not affect the activities of drug transporters 

or CYP enzymes [93,94], and there is no impact on NNRTI or PI exposures with 

concomitant use [95,96]. A healthy volunteer study demonstrated a moderate impact of 

lopinavir/ritonavir on delamanid exposures, with 18% and 22% increase in delamanid Cmax 

and AUC, respectively. This is unlikely to result in clinically-important QT effects, but more 

frequent ECG monitoring is advised. Reassuringly, use of efavirenz had no impact on 

delamanid after multiple doses in healthy subjects, and may be used concurrently without 

dose adjustment [96].

CYP3A is a minor metabolic pathway for the investigational nitroimidazole, pretomanid. A 

phase 1 study found substantial reductions in pretomanid exposures with efavirenz co-

administration, with 28%, 35% and 46% reduction in pretomanid Cmax, AUC and trough 

concentration respectively, but minimal effect from lopinavir/ritonavir, supporting 

combination therapy with PI [97].

2.3.3 Linezolid—The oxazolidinone, linezolid, has been repurposed as an anti-TB agent, 

and now has a central role in DR-TB treatment [98]. Linezolid is thought to undergo mainly 

non-oxidative enzymatic metabolism and significant PK drug-drug interactions with ART 

are considered unlikely [99]. However, CYP may play a minor role in linezolid disposition 

and indirect evidence suggest that linezolid may be a substrate of P-gp [100] [101]. Thus, 

powerful inhibition of CYP and drug efflux pumps by PIs could theoretically result in 

increased linezolid concentrations and associated toxicity. Reassuringly, a PK study 

involving patients with DR-TB in South Africa found no association between lopinavir/

ritonavir use and linezolid exposure, although numbers of patients studied were small [102]. 

There are important PD interactions between linezolid and ART that may partially explain 

the signal of increased linezolid toxicity observed amongst HIV-infected patients [103]. 
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Both linezolid and zidovudine cause anaemia, which may be more severe when co-

prescribed; and the use of other NRTI, which inhibit mitochondrial gamma polymerase 

[104], may theoretically potentiate the mitochondrial toxicity of linezolid [105] (mediated 

through a different mechanism) [106].

2.3.4 Clofazimine—Clofazimine, another repurposed drug recently introduced into DR-

TB treatment guidelines, is now recommended for inclusion in all DR-TB regimens [98]. 

The PK of clofazimine is poorly understood. It is thought to be eliminated largely 

unchanged in faeces both as unabsorbed drug and via biliary excretion [107], and is thus 

unlikely to be an major CYP substrate or subject to significant PK drug-drug interactions 

with ART. There are, however, in vitro data suggesting clofazimine may potentially have PK 

interactions via inhibition of drug transporters (P-gp, BRCP, MRP1) and CYP3A4 [108]

[109], but this has been inconsistent between different cell lines [110]. Secondary data 

analysis from a clinical PK study found that clofazimine had no effect on bedaquiline 

clearance, a CYP3A4 substrate [111]. No drug-drug interactions studies have been 

performed for clofazimine and ART; and currently no dose adjustments are recommended.

3. Overlapping toxicities of ART and anti-TB drugs

The recommended composition of treatment regimens for PLWH with both sensitive- and 

DR-TB do not differ from HIV uninfected individuals.

Shared toxicity is the major challenge with concomitant use of ART and anti-TB drugs 

[15,112]. It is unclear whether risk of adverse reactions to TB treatment are increased with 

concurrent ART administration [113], but identification of the culprit drug is often difficult 

and complicates management of both infections when toxicity occurs [15,114]. 

Hepatotoxicity, peripheral neuropathy, central nervous system side effects, QT prolongation 

and cutaneous adverse drug reactions are the most important toxicities that can arise during 

co-administration of ART and anti-TB drugs and will be discussed in detail below. Other 

important adverse reactions include nephrotoxicity and electrolyte abnormalities with 

injectable agents (aminoglycosides and capreomycin) and tenofovir disoproxil fumarate 

[115]. Gastrointestinal (GI) disturbances, such as diarrhoea, nausea, vomiting and abdominal 

pain are events associated with all antiretrovirals (ARV), especially the PIs and in particular 

lopinavir/ritonavir. Notably, GI side effects are an important cause of interruption of 

lopinavir/ritonavir-based ART [116]. Among anti-TB drugs, ethionamide and para-

aminosalicylic acid are most frequently associated with GI intolerance. Hypothyroidism can 

occur in over a half of patients treated for DR-TB, and is associated with exposure to para-

aminosalicylic acid and ethionamide [117,118]. Ototoxicity is another important side effect 

of aminoglycosides (streptomycin, kanamycin, amikacin). Therefore audiometry monitoring 

is recommended at baseline and during treatment with aminoglycosides [119]

3.1 Hepatotoxicity

Drug-induced liver injury (DILI) is the most serious adverse reaction to anti-TB drugs, 

occurring in 2–28% of patients treated for TB [120], with estimates varying widely between 

different cohorts in part due to different definitions of DILI used in studies [121–125]. Given 

that the mortality in patients with TB treatment-associated DILI is high, up to 27% in one 
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study [126], it is imperative to promptly diagnose this complication in order to discontinue 

treatment with potentially causative drugs, and switch to appropriate alternative therapy 

[123,127].

Three of the anti-TB drugs used in standard treatment for drug sensitive-TB (RIF, INH and 

pyrazinamide) can cause liver injury [15]. Following treatment initiation, an asymptomatic, 

low-grade and transient elevation of transaminases is relatively common, and may reflect 

physiological hepatic adaptation to drugs exposure which does not require drug cessation 

[128]. INH, for instance, causes a transient asymptomatic and mild increase in liver enzymes 

in up to 20% of patients, which resolves spontaneously despite continuous administration of 

the drug [129]. Distinguishing adaptation from liver injury is important, as unnecessary 

treatment discontinuation can lead to worsening of TB disease and emergence of drug 

resistance, consequently increasing morbidity and mortality.

Causality assessment in patients with liver injury on TB treatment is challenging due to 

multiple possible disease and drug causes of the liver injury, including ARVs and 

cotrimoxazole in addition to anti-TB drugs. Although some studies have found that the 

incidence of hepatoxicity is similar in PLWH and HIV uninfected individuals [130–132], 

several others identified HIV co-infection itself as an independent risk factor for anti-TB 

drug-induced hepatotoxicity [121,123,124]. A large observational study conducted in 

Ethiopia enrolling 1060 patients examined the patterns of liver toxicity in patients with HIV 

and/or TB and found that amongst a total of 159 patients who developed DILI, being HIV 

positive was associated with increased risk of DILI (OR=4.11, 95%CI: 1.45 to 11.96; 

p<0.01) [124].

In addition, ARVs may cause liver injury by a variety of mechanisms including 

hypersensitivity reactions (nevirapine, abacavir), mitochondrial toxicity (NRTI as a class) or 

a combination of mitochondrial and endoplasmic reticulum stress (efavirenz) [133]. This 

may explain why concomitant ART treatment is an independent risk factor for TB-DILI in 

some studies. In a retrospective analysis of a South Africa cohort, which included 868 

PLWH on ART, concomitant TB treatment increased risk of hepatotoxicity by 8.5 fold (HR 

8.5, 95%CI 2.7–27; p<0.001) [134]. Araujo-Mariz et al monitored liver injury in a cohort of 

173 PLWH during the first 60 days of TB treatment and found that hepatotoxicity (defined 

as aminotransferase levels three times higher than they were prior to TB treatment and 

associated with symptoms of hepatitis) occurred in 30.6%(53/173) and the majority of the 

individuals enrolled were on ART (78.6%).

DILI may also occur during treatment for DR-TB, with an observed prevalence between 

3.9–16.5% in different studies [135–138]. Among the drugs used in second-line treatment 

for TB, prothionamide [139], rifabutin [140], para-aminosalicylic acid, linezolid [141] and 

fluoroquinolones have all been associated with increased risk of liver injury [142]. 

Bedaquiline can also cause hepatotoxicity[143].

Many guidelines are available advising the management of DILI in HIV-associated TB 

[52,144,145], however the definition of DILI is not standardized and criteria for TB 

treatment discontinuation and re-challenge vary [144]. In general, is preferred to re-
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introduce first-line TB drugs over the switch to second-line drugs; importantly, rechallenge 

is not recommended in patients who had fulminant hepatitis (involving coagulopathy and 

hepatic encephalopathy). Knowing which ART drugs possess higher hepatotoxic profile (e.g. 

nevirapine over efavirenz and integrase inhibitors) is important, as a switch to a less liver 

toxic ART agent before starting on TB treatment is a strategy to adopt in case of DILI in 

HIV-associated TB patients also possibly associated to ART.

The risk of hepatotoxicity may be increased by other acquired and genetic factors. As an 

example, N-acetyltransferase 2 (NAT2) acetylator status associates with INH-related DILI; 

those individuals classified as slow acetylators are at higher risk of hepatotoxicity [146]. 

Among studies investigating potential risk factors for development of liver injury during TB 

treatment, female sex, older age, low weight and alcohol consumption are associated with 

increased risk [123,128,147]. Hepatitis B and/or C chronic infections increase risk of liver 

injury and are associated with increased mortality during treatment of both sensitive and 

DR-TB [137,148]. Hence, screening for viral hepatitis is important at the start of TB 

treatment or when patients present with abnormal liver function during treatment. In 

addition, other concomitant medications known to be potentially hepatotoxic and frequently 

prescribed to PLWH with low CD4 count as treatment or prophylaxis for opportunistic 

infections (e.g. fluconazole and cotrimoxazole) should be stopped when liver injury 

develops on anti-TB drugs.

3.2 Peripheral neuropathy

HIV infection has been shown since early studies to affect both the central and peripheral 

nervous system [149]. In a systematic review including 25 studies, the prevalence of 

peripheral neuropathy (PN) in PLWH was 69%, and distal sensory polyneuropathy was the 

most common neurologic disorder in PLWH [150].

Up to 10% of patients treated for drug-sensitive TB develop PN [151]. In a South African 

cohort of 400 individuals treated for active TB, a greater proportion of PLWH developed PN 

than non-HIV infected individuals (8.3% vs 1.9%, p=0.009)[132]. INH is known to interfere 

with pyridoxine metabolism and depletes its levels leading to neurotoxicity in up to 10% of 

all patients [152]. In particular, PN may especially develop during treatment for DR-TB 

when higher doses of INH are used [153]. In addition, PLWH, especially with advanced 

disease, frequently suffer of nutritional deficiencies, thus HIV infection may predispose to 

pyridoxine depletion [154]. Pyridoxine supplementation dose of 10–50 mg daily is therefore 

advised to prevent PN in all PLWH receiving INH [52,155], including pregnant women and 

those treated for latent TB, whilst higher doses of pyridoxine are recommended in the 

treatment of INH-related PN.

Optic neuropathy is another manifestation of drug neurotoxicity and a well-recognised 

complication of ethambutol administration [156]. The exact mechanism is unknown, but the 

ability of ethambutol to chelate metals and to affect different mitochondrial metal-containing 

enzymes has been hypothesized. Although data are missing, an additive negative effect 

played by ethambutol and NRTI on mitochondrial function has been postulated, leading to 

an increased risk of toxic neuropathy in PLWH on NRTI-based treatment [157]. Monitoring 

visual function to detect the development of optic nerve damage during therapy assessing 
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visual acuity (Snellen test) and applying colour discrimination tests should therefore be 

considered. Among the drugs used in the treatment of DR-TB, PN and optic neuritis are the 

most common side effect during linezolid administration, with reported cases of reversible 

or irreversible damage likely as a results of mitochondrial dysfunction [153,158]. An Indian 

cohort of 86 patients treated with linezolid for DR-TB reported an incidence of 28% of 

ocular complaints (mainly blurred vision) and 5.8% optic neuropathy [159]. Ethionamide 

has been frequently associated with PN causing pyridoxine deficiency similar to INH whilst 

cycloserine and aminoglycosides also have been associated with PN, although to a lesser 

extent [152,160]. Additionally, exposure to terizidone has also been linked to symptomatic 

PN during treatment for DR-TB [161]. Finally, clinicians should look for co-morbidities 

causing PN that may coexist in patients with HIV-associated TB that can be treated, such as 

diabetes mellitus and substance abuse, particularly of alcohol [152].

3.3 Central nervous system toxicities

Dolutegravir and efavirenz, both commonly used in first-line ART, are both associated with 

neuropsychiatric adverse events [162,163]. In a cohort of 197 patients prospectively enrolled 

in Uganda, higher efavirenz concentrations and CYP2B6 genotype, were the main predictors 

for efavirenz -related neuropsychiatric symptoms, underscoring the potential role for 

pharmacogenomic testing and therapeutic drug monitoring (TDM) to prevent drug toxicity 

[164]. Of the first-line anti-TB drugs, INH can cause a range of symptoms from mild 

insomnia to severe psychosis that generally reverses after treatment interruption or 

completion and are often associated with high doses of INH. As previously mentioned, INH 

neurotoxicity associates with pyridoxine depletion and therefore higher doses of pyridoxine, 

INH substitution and psychiatric management, are warranted in the treatment of INH-related 

neuropsychiatric symptoms [151,165]. Among second-line anti-TB drugs, a meta-analysis 

showed that cycloserine and terizidone associate with a higher rate of a CNS-related adverse 

reactions than other second-line drugs. Attention should be given to patients’ mental health 

during the administration of anti-TB drugs, especially those taking cycloserine, which may 

cause psychosis and/or suicidal ideation [151,166]. Switching from efavirenz to an antiviral 

agent less likely to cause neurotoxicity (e.g. frequently dolutegravir, as proved less 

frequently causing neuropsychiatric events in a large randomised trial [167], or alternatively 

dose-adjusted lopinavir/ritonavir or raltegravir) should be considered in patients who 

develop neuropsychiatric side effects during TB treatment in order to avoid TB treatment 

interruption or switch to second-line anti-TB drugs that can be less effective and still cause 

adverse effects.

3.4. QT prolongation

Prolongation of the corrected QT interval is a risk factor for torsades de pointes, a 

ventricular arrhythmia with potentially fatal consequences [168]. QT prolongation is more 

common in PLWH and this appear to be influenced by the duration of HIV infection itself, 

the induced systemic inflammation, CD4 count below 200 cell/mm3 and different ART 

agents, although reports vary [169–174]. Among ARVs, NNRTI (especially efavirenz and 

rilpivirine) and PI have been reported as potential causes of QT interval prolongation; 

however clinical complications are uncommon and therefore regular ECG monitoring is not 

recommended during ART [80,175–178]. Several drugs used in TB treatment are known to 
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prolong the QT interval, including fluoroquinolones (especially moxifloxacin), bedaquiline 

and clofazimine. The safety of rilpivirine administered with moxifloxacin was studied in a 

controlled crossover study enrolling 60 healthy volunteers that did not find any clinically 

relevant effect on QT [179]. However, levofloxacin should be the fluoroquinolone of choice 

when combined with other potential QT prolonging drugs due to a lower potential to prolong 

QT. The recent introduction of bedaquiline and delamanid, both linked with QT 

prolongation as discussed in the pharmacokinetics section, demands ECG monitoring as a 

safety requirement during the treatment of DR-TB [180].

3.5 Cutaneous adverse drug reactions

In clinical practice, recognizing which drug is responsible for a cutaneous adverse drug 

reactions can be challenging as virtually all ART and anti-TB drugs and some agents used 

for treatment or prophylaxis of opportunistic infections can cause skin reactions. 

Importantly, clinicians should be aware that the onset of cutaneous adverse drug reactions is 

often delayed and differ between ART and anti-TB drugs, varying between few days up to 3 

months after the introduction of a new agent.

Most mild-moderate cutaneous adverse drug reactions do not require drug cessation. 

However, the presence of systemic symptoms or organ involvement or severe cutaneous 

adverse drug reactions warrant drug interruption, eventually followed by a careful re-

challenge or desensitization under close supervision if a specific agent is required in the 

treatment regimen. Importantly, life-threatening conditions such like Stevens-Johnson 

syndrome and hypersensitivity to abacavir are contraindications to drug re-challenge [181]. 

However, in selected cases when alternative treatment options are limited, patients with 

Steven-Johnson syndrome may be cautiously rechallenged with anti-tuberculosis treatment 

under close clinical supervision.

PLWH are at higher risk to develop cutaneous adverse drug reactions to anti-TB drugs. The 

pathogenesis remains unclear but growing evidence supports the role of multiple factors, 

including genetic and immunological, that predispose PLWH to increased incidence of drug 

hypersensitivity reactions [132,182–186]. Cutaneous adverse drug reactions severity can 

range from transient erythematous rash without consequences, to life-threatening 

complications such as Steven-Johnson syndrome and toxic epidermal necrolysis (TEN), 

which have been described frequently in PLWH treated with thioacetazone and therefore its 

use in HIV is not recommended. The role of ART in the pathogenesis of cutaneous adverse 

drug reactions during TB-treatment has still not been fully elucidated. A study conducted in 

South Africa of 141 patients with HIV-associated TB (only 16% on ART) failed to find any 

association between the use of ART and adverse events [132]. In a cohort of 307 patients 

with HIV-associated TB in Thailand where the incidence of cutaneous adverse drug 

reactions was 16% (48/307), ART administration was associated with a lower risk of 

cutaneous adverse drug reactions (HR 0.23, 95%CI 0.09–0.61, P=0.003) [187]. However, 

several anti-HIV agents are well-known causes of skin reactions. Among ART agents, 

NNRTI have been associated with rash in up to 17% of patients. In particular, nevirapine can 

cause cutaneous adverse drug reactions in over a third of the patients during administration, 

often associated with hepatotoxicity [186]. The role of genetic factors involved in the 
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pathogenesis of cutaneous adverse drug reactions in PLWH is recognised in the case of 

abacavir: hypersensitivity reactions to abacavir associate with genetic polymorphisms of the 

class I major histocompatibility complex (MHC). As a result of this observation being 

confirmed in several studies, HLA-B*5701 testing prior to starting abacavir is now 

recommended by many international guidelines [186]. Finally, to complicate even further the 

diagnosis and management of cutaneous adverse drug reactions in HIV-associated TB, 

concomitant drugs used in the prophylaxis of opportunistic infections, in particular 

cotrimoxazole, that may be initiated around the same time as ART and TB treatment, can 

cause severe cutaneous adverse drug reactions. In a multivariate analysis performed by 

Boonyagars et al in their Thai cohort on individuals with HIV-associated TB, it was 

observed that concomitant use of cotrimoxazole was an independent risk factor for 

cutaneous adverse drug reactions (HR 2.36, 95% CI 0.09–0.61) [187].

4. Immune reconstitution inflammatory syndrome

PLWH initiating ART are at risk of TB-IRIS. IRIS is an inflammatory reaction resulting 

from recovery of the immune system once ART has started, and its presentation can follow 

two main patterns: unmasking TB-IRIS refers to the presentation of TB in association with 

signs of acute inflammation after starting ART; paradoxical TB-IRIS occurs in patients 

already appropriately treated for TB who, following the introduction of ART, present 

paradoxical worsening or recurrence of TB symptoms and signs [188]. Paradoxical TB-IRIS 

is the most frequent and studied presentation, with an estimated incidence of 18% (95%CI 

16–21 %) but occasionally affecting more that 50% of individuals in cohorts with a high 

prevalence of TB-IRIS risk factors [188]. In a systemic review and metanalysis, the 

morbidity resulting from paradoxical TB-IRIS was relatively high, with 25% of affected 

patients requiring hospitalization; all-cause mortality among patients was 7% (95% CI:4–

11%), although only 2% (95% CI: 1–3%) of deaths attributable to TB-IRIS [189]. Clinical 

presentation often includes worsening of dyspnoea and cough, constitutional symptoms 

(fever, night sweats), enlarging lymphadenopathy and new or enlarging infiltrates on chest 

X-ray [190]. However, TB-IRIS can affect any organ system, with TB-IRIS of the CNS 

having particularly high mortality (30%) [191]. Extrapulmonary, short interval between 

starting TB treatment and ART, high HIV viral load and low CD4 T-cell count at baseline 

have been shown to be major risks factors for TB-IRIS in a systematic review and 

metanalysis [189].

Although patients with CD4 T-cell count below 50/mm3 encounter a relatively higher 

incidence of TB-IRIS, early ART initiation within 2 weeks of TB treatment initiation 

improves overall survival [192,193]. The diagnosis of TB-IRIS is challenging due to the lack 

of specific diagnostic tests and the non-specific symptoms, hence clinicians should carefully 

evaluate all patients presenting with unexpected deterioration of symptoms who start ART 

while on anti-TB drugs, excluding drug toxicities or the development of other opportunistic 

infections or DR-TB that could explain the aggravation of symptoms.

The management of paradoxical TB-IRIS involves supportive therapy in conjunction with 

corticosteroids [194]; importantly, ART should be continued. A recent randomised placebo-

controlled controlled trial (PredART trial) also showed that the administration of prednisone 
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during the first four weeks of ART to prevent TB-IRIS resulted in a 30% lower incidence of 

TB-IRIS in individuals at high risk compared to the placebo arm [195]. Prophylaxis with 

prednisone should be therefore considered in PWLH infected with sensitive-TB who have a 

CD4 nadir less than 100/mm3 and no evidence of Kaposi’s sarcoma [51,188].

The more rapid decrease in HIV viral load that has been observed during treatment with 

integrase inhibitors (INSTI), raised concern that the sudden decline of HIV viremia could 

increase the risk of paradoxical TB-IRIS in patients started on dolutegravir. However, a 

recent metanalysis failed to demonstrate association between the use of dolutegravir and 

IRIS [196]. Notably, the INSPIRING study evaluated the incidence of IRIS after initiation of 

twice-daily dolutegravir in PLWH ART-naïve on treatment for TB reported and found a low 

rate of IRIS [42].

6. ART and anti-TB drugs during pregnancy

Changes in the PK, tolerability and side effects of HIV and anti-TB drugs can occur during 

pregnancy, along with the potential for foetal toxicities. Data to inform practice and their 

association with treatment outcome of both TB and HIV are scarce, thus the management of 

TB in HIV-infected pregnant women represents a significant challenge. The regimen of 

choice for drug sensitive-TB during pregnancy does not differ from the standard four drug 

regimen and does not carry major toxic effects. A PK study conducted in HIV/TB pregnant 

women found that RIF exposure during pregnancy was only slightly increased in a South 

African cohort and therefore dose adjustment is not necessary. The options for DR-TB, by 

contrary, are limited as many drugs have been associated with risk of maternal and infant 

toxicities [197], and therefore their use during pregnancy and breastfeeding may be 

considered when an effective treatment regimen cannot otherwise be provided and benefits 

outweigh the risks. The use of aminoglycosides is not advised because associated with 

congenital deafness. A summary of evidences of the available data in human and animal 

studies in pregnancy and breastfeeding are summarised in table 3. Pregnant women are often 

underrepresented in clinical trials and although progress have been made in the treatment of 

DR-TB, data informing on the administration of drugs for DR-TB and ART in this 

population are missing. For example, the STREAM trial did not enrol pregnant women as 

the shorter regimen for DR-TB investigated included two component (injectables and 

ethionamide/prothionamide) usually not recommended during pregnancy [198].

Other important considerations concerning the treatment of latent TB are the immunological 

changes that occur during pregnancy put women with HIV at high risk of progression from 

latent TB to active TB [199]. INH preventive therapy (IPT) is strongly recommended in 

HIV-infected individuals with latent TB, but the evidence of efficacy and safety of this 

regimen in pregnant women on ART is still unclear [200]. The TB APPRISE, a placebo-

controlled randomised study comparing the efficacy and safety of immediate versus deferred 

IPT in pregnant women with HIV living in a high TB burden area, found that IPT during 

pregnancy associated with higher risk of adverse pregnancy outcomes [201]. However, more 

recently data showed no association between IPT and poor maternal and infant outcome 

[202] and therefore further studies are needed to elucidate the safety implications of IPT 

during pregnancy.
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Among ART, recent concerns on dolutegravir exposure during conception and first trimester 

and increased risk of neural tube defects has arisen, thus its use in nonpregnant women of 

childbearing age is not recommended [203][204].

7. Conclusions

Several new ART agents with high efficacy and better tolerability have become available in 

the last few years. RIF-containing TB treatment remains the standard of care for first-line 

treatment of rifamycin-sensitive TB, and there are increasing number of ART treatment 

options that can be administered concomitantly. There is growing evidence for bedaquiline 

and delamanid efficacy and safety in management of DR-TB from both observational and 

interventional studies. Drugs originally approved for use in other infections, like linezolid 

and clofazimine, are increasingly being used in DR-TB management. Thus, finally patients 

with DR-TB have a wider range of choices available to build a more efficacious regimen and 

to individualize their therapy in case of contraindication or drug toxicity.

However, concomitant treatment for HIV and TB still poses challenges. Metabolism of 

many of the new antiretrovirals (e.g. bictegravir, doravirine) is induced by RIF and these 

drugs cannot be co-administered with standard first-line anti-TB drugs. For some drugs, 

dose adjustment (e.g. raltegravir, dolutegravir) or the alternative use of rifabutin in place of 

rifampicin (e.g. in combination with PI) is recommended, (Table 1). However, access to 

rifabutin is still limited in many low and middle-income countries and it is currently not 

available in fixed dose combinations with other anti-tuberculosis drugs and consequently 

rifabutin may not represent a practicable option and a switch to a different antiretroviral 

agent that can be administered with RIF is advised in this case. There is extensive data on 

use of efavirenz in combination with RIF, and it remains the drug with the most data to 

support its use during RIF-based TB treatment as well as being safe during pregnancy.

Pharmacokinetic considerations of bedaquiline and ART coadministration and 

recommendations for their use are reviewed in Table 2. Overlapping toxicities between ART 

and other anti-TB drugs for DR-TB are the main concern and limiting factor for their 

combined administration. Drug-related hepatotoxicity, neuropathy, neuro-psychiatric side 

effects, skin reactions, QT prolongation and other toxicities arising from the concomitant 

treatment of HIV and TB are not uncommon and can lead to drug discontinuation, 

subsequent poor treatment outcome and occasionally to fatal events. Clinicians should avoid, 

whenever possible, the combination of drugs with overlapping toxicities based on the most 

common reported adverse events shown in Figure 1.

Patient education and clinician awareness on the recognition of signs and symptoms of 

adverse drug reactions is crucial to prevent and promptly manage drug toxicities.

Diagnosing and managing TB IRIS is essential to successfully integrate ART and TB 

treatment and healthcare practitioners should be able to recognise early signs of IRIS to 

adequately start appropriate treatment. Risk of TB-IRIS is not a reason to defer ART 

initiation in those with low CD4 counts.
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Finally, data on safe therapeutic options for the treatment of DR-TB in pregnant women are 

scarce. Supporting the use of condoms and performing counselling to promote the 

importance of adopting contraceptive methods during TB treatment to delay the pregnancy 

after the completion of TB treatment are key measures to protect future mothers and infants 

from the exposure to potential mutagenic drugs.

8. Expert opinion

The pharmacokinetic properties and toxicities of many antiretroviral and anti-TB drugs are 

well-recognised. Combined with the growing experience in the use of different regimens for 

both HIV and TB derived from recent observational and randomized trials, policymakers 

and healthcare professionals now have better data to facilitate early concomitant initiation of 

ART and TB treatment to improve the overall survival of PLWH with TB.

The development of toxicities is unpredictable, and, in several cases, the full range of 

antimicrobial agents cannot be used, for instance due to drug-resistance, economic resources 

limiting access to more expensive agents or contraindications during pregnancy. Clinicians 

should adopt a systematic approach that takes into consideration all the possible barriers that 

can interfere with an optimal integration of ART and TB treatment. An individualized 

assessment of each patient with HIV-associated TB and the application of a different range 

of tools beside laboratory tests (e.g. ECG, visual tests, audiometry, pregnancy test) as 

proposed in Figure 2, as a strategy that can be adopted to prevent and detect early adverse 

events. This approach is critical both at the start and also during the course of therapy to 

improve the overall treatment outcome.

Limitations of current knowledge and future research challenges

Due to its high potency and genetic barrier to resistance, dolutegravir is the drug of choice 

for the treatment of HIV recommended by the WHO. Nevertheless, its administration with 

RIF is currently recommended at the double dose of 50 mg twice daily. Adding an extra 

dose can represent a challenge to its implementation in low and middle-income countries, 

due to potential for decreased patient adherence and increased cost. Preliminary data on 

using the standard dolutegravir 50mg daily dose together with RIF in healthy volunteers are 

promising [43], hence assessing the safety and efficacy of the standard dose of dolutegravir 

of 50 mg once daily in PLWH infected with TB as a next step is a research priority to 

accelerate dolutegravir global implementation. More data informing on the most appropriate 

dose of raltegravir to adopt in patients with HIV-associated TB are also needed in order to 

expand its use in this population. Tenofovir alafenamide is gradually replacing tenofovir 

disoproxil fumarate in many of the newly approved ART combinations and also as pre-

exposure prophylaxis option for HIV [205] in light of its safer profile in terms of 

nephrotoxicity and bone health. Drug interaction and efficacy studies in patients with HIV-

associated TB are necessary to expand the access to patients on TB treatment, especially 

when concomitant renal impairment is present.

Rifamycins still represent the core agents for the treatment of drug sensitive-TB and no valid 

substitutive options have so far proven equivalent efficacy. While effort should be addressed 
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to develop new TB regimens that do not include rifamycins, future work will also need to be 

directed to generate antiviral agents compatible with TB drugs.

Rifabutin represents a valuable option combined with many of ART agents that are subject 

to RIF induction, however its use is limited due to the higher cost compared to RIF and the 

lack of co-formulations with other anti-TB drugs that would reduce the pill burden and 

improve adherence. In addition, pharmacokinetic data of rifabutin administered with 

tenofovir alafenamide are missing; efficacy and safety data of rifabutin administered with 

doravirine, dolutegravir or bictegravir come from individual PK studies enrolling few 

subjects and therefore a need for larger trials including PLWH with TB informing on the use 

of rifabutin are warranted.

Amongst newly introduced molecules and shortened regimens for the treatment of DR-TB, 

efficacy and safety data in PLWH are still scarce and investigators should ensure the 

inclusion of larger numbers of HIV-infected individuals in future clinical trials for DR-TB. 

An exceptionally difficult challenge is represented by the management of DR-TB in HIV 

infected pregnant women, as many HIV and anti-TB drugs are not recommended 

particularly during early gestation or data informing on their use during pregnancy are not 

available. Pregnant women have been underrepresented or excluded from most 

pharmacokinetic and efficacy trials investigating the treatment of HIV-infected individuals 

with TB. As a consequence, building an efficacious and safe regimen in this context, 

especially when some of the remaining drugs cannot be reintroduced due to the appearance 

of drug reactions, requires extensive expertise as most of the current knowledge is derived 

from case reports or clinicians’ personal experience. Capturing and ultimately publishing 

data of pregnancy-associated outcomes and perinatal follow-up appear fundamental to 

inform guidelines and physicians when managing this vulnerable population.

The length of treatment required for both latent TB and TB can often lead to premature 

discontinuation and subsequent failure. Long-acting injectable (LAI) formulations of 

antipsychotics and contraceptives have been successfully used to improve adherence and 

treatment outcome. Developing LAI for TB prevention and treatment, to be administered for 

instance monthly, could enhance adherence and could represent a future successful strategy 

[206]. Not all anti-TB drugs have, however, the appropriate physicochemical composition 

that allow them to be suitable for long-acting formulations, nevertheless preliminary data on 

bedaquiline show promising results and further studies should further investigate this [207].
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Article highlights

• Overview of the recent advances in HIV and TB treatment.

• Pharmacokinetic data available on the co-administration of ART, and anti-TB 

drugs used in drug-sensitive, drug-resistant and latent TB.

• Current evidence on overlapping toxicities between ART and first- and 

second-line anti-TB drugs.

• Treatment issues during pregnancy.

• Update on risk factors, management and prevention of tuberculosis-immune 

reconstitution inflammatory syndrome (TB-IRIS).

• Adopting a systematic approach to successfully integrate treatment for HIV 

and TB.

• Expert opinion and future research challenges.
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Figure 1: Most common antiretrovirals and anti-tuberculosis drug toxicities.
Figure 1 has been adapted from ‘Adult male diagram template.svg’ available https://

commons.wikimedia.org/wiki/File:Adult_male_diagram_template.svg using Inkscape 

software.

RPV, rilpivirine; EFV, efavirenz; 3TC, lamivudine; FTC, emtricitabine; PI, protease 

inhibitors; BDQ, bedaquiline; CFZ, clofazimine; DLM, delamanid; FQ, fluoroquinolones; 

NNRTI, non-nucleoside reverse transcriptase inhibitors; INSTI, integrase inhibitors; NVP, 

nevirapine; INH, isoniazid; RIF, rifampicin; PZA, pyrazinamide; PAS, para-aminosalicylic 

acid; ETB, ethambutol; LZD, linezolid; TDF, tenofovir disoproxil fumarate; Cs, cycloserine; 

TZD, terizidone; DTG, dolutegravir; AZT, zidovudine; ABC, abacavir; TAZ, thioacetazone;
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Figure 2: Proposed approach to adopt to safely integrate antiretrovirals and anti-tuberculosis 
(TB) treatment.
The following considerations are crucial when approaching a patient with HIV-associated 

TB to combine antiretroviral therapy (ART) and TB treatment: 1. Consider drug-drug 

interactions between ART and anti-TB drugs, essential to avoid subtherapeutic or excessive 

drug exposure; 2. Avoid and minimise potential overlapping toxicities, for example 

favouring the use of levofloxacin over moxifloxacin when combined with other drugs with 

potential to prolong QT, like bedaquiline; 3. Consider risks factors for immune 

reconstitution inflammatory syndrome (IRIS) (e.g. CD4 count, HIV viral load) and consider 

prophylaxis with prednisone if appropriate; 4. Perform pregnancy test at baseline in all 

women of childbearing potential and discuss importance of contraception and methods 

during TB treatment (especially for drug resistant-TB); 5. Consider concomitant 

comorbidities (e.g. Hepatitis B/C, diabetes mellitus, alcohol) and opportunistic infection 

treatments and prophylaxis that could exacerbate drug toxicities; 6. Evaluate concomitant 

medications with potential overlapping toxicities and/or drug interactions and consider 

alternatives.

During the course of ART and TB treatment safety monitoring is essential and should 

include: 1. Blood tests to detect early signs of drug toxicities; 2. Monitoring signs and 

symptoms of drug toxicities, educating patients to recognise and report them to the 

healthcare team; 3. Routine pregnancy tests and reinforced counselling to promote 

contraception and the use of condoms; 4. Regular evaluation of concomitant comorbidities 

and medications that could increase risk of toxicities. 5. Regular ECG monitoring during the 

course of drugs associated with QT prolongation, especially when used in combination (e.g. 

bedaquiline, delamanid, fluoroquinolones): 6. Audiometry follow up should be considered 

during the treatment with aminoglycosides to detect early signs of ototoxicity; 7. Visual 

function tests should be used to identify early signs of optic neuropathy during treatment 

with ethambutol and linezolid.

This figure was created using Servier Medical Art templates, which are licensed under a 

Creative Commons Attribution 3.0 Unported License; https://smart.servier.com
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Table 1:

Drug-drug interactions of antiretrovirals with rifampicin and rifabutin

Rifampicin Rifabutin

Antiretroviral Effect Dose adjustment and comments Effect Dose adjustment and comments

NNRTI

NVP ↓↓NVP Avoid concomitant use ↓RBT Can be co-administered with RBT 300 mg 
once daily

EFV ↓/= EFV

EFV 600 mg can be co-administered 
without dose adjustments

Non-significant changes in EFV 
400mg exposure in a small clinical 

PK study[35]

↓RBT Can be co-administered with RBT 450 mg 
once daily

RPV ↓↓RPV Avoid concomitant use ↓RPV

Avoid concomitant use
When necessary, can be co-administered with 

RPV 50 mg once daily with caution (ECG 
monitoring due to risk of QT prolongation)

ETR ↓↓ETR Avoid concomitant use ↓ETR
Can be co-administered without dose 

adjustments
Limited data available

DOR ↓↓DOR Avoid concomitant use ↓DOR

Can be co-administered with DOR 100 mg 
twice daily

Limited data available derived only from PK 
studies

PI

LPV/r ↓↓LPV/r

Avoid concomitant use

↑RBT Can be co-administered with RBT 150 mg 
once daily

Monitor closely due to potential increased 
RBT toxicity

ATV/r ↓↓ATV/r ↑RBT

DRV/r ↓↓DRV/r ↑RBT

Boosters

Cobi ↓↓Cobi Avoid concomitant use ↓↓Cobi Avoid concomitant use

INSTI

RAL ↓RAL

Can be co-administered with RAL 
400 or 800 mg twice daily

Avoid RAL 1200 mg once-daily 
dose

= RAL Can be co-administered with RBT 300 mg 
once daily, RAL standard dose

EVG/c ↓↓EVG/c Avoid concomitant use ↓EVG/c
↑RBT Avoid concomitant use

DTG ↓DTG Can be co-administered with DTG 
50 mg twice daily = DTG Can be co-administered with RBT 300 mg 

once daily

BIC ↓↓BIC Avoid concomitant use ↓BIC Avoid concomitant use
No data available

NRTI

TDF, ABC, 3TC, 
FTC

=TDF =ABC
=3TC
=FTC

Can be co-administered without 
dose adjustments

=TDF 
=ABC
=3TC
=FTC

Can be co-administered without dose 
adjustments

TAF ↓↓TAF

Co-administration with TAF 25 mg 
once daily resulted in non-significant 

changes in intracellular tenofovir 
diphosphate exposure in an healthy 

volunteer PK study [21]

↓TAF Avoid concomitant use until further data 
available

CCR5 receptor antagonists
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Rifampicin Rifabutin

Antiretroviral Effect Dose adjustment and comments Effect Dose adjustment and comments

MVC ↓↓MVC Can be co-administered with MVC 
600 mg twice daily ↓MVC Can be co-administered without dose 

adjustments

NNRTIs, non-nucleoside reverse transcriptase inhibitors; NVP, nevirapine; EFV, efavirenz; RPV, rilpivirine; ETR, etravirine; DOR, doravirine; PIs, 
protease inhibitors; LPV, lopinavir; ATV, atazanavir, DRV, darunavir;/r, ritonavir; cobi, cobicistat; INSTIs, integrase inhibitors; RAL, raltegravir; 
EVG, elvitegravir; DTG, dolutegravir; BIC, bictegravir; NRTIs, nucleoside reverse transcriptase inhibitors; TDF, tenofovir disoproxil fumarate; 
ABC, abacavir; 3TC, lamivudine; FTC, emtricitabine; TAF, tenofovir alafenamide; MVC, maraviroc; PK, pharmacokinetic; RBT, rifabutin
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Table 2:

Drug-drug interactions of antiretrovirals with bedaquiline

Antiretroviral Effect on bedaquiline Dose adjustment and comments

NNRTI

EFV ↓↓ BDQ
Average steady-state concentrations reduced by 
52% (model-based prediction)54

Risk of subtherapeutic BDQ concentrations and 
treatment failure: do not co-administer

NVP = BDQ

Non-significant increase in average steady-state 
concentrations of BDQ (9%) and decrease (5%) in 
M2 metabolite (PK model)55

Non-significant changes in BDQ AUC in clinical 
PK study[79]

Can be co-administered without dose 
adjustments

RPV = BDQ Not studied, but clinically relevant DDIs not 
expected Can be co-administered without dose adjustment

PI

LPV/r ↑BDQ

3- and 2-fold increases in average steady state 
concentrations of BDQ and M2 metabolite, 
respectively (model-based) 55

62% increased BDQ AUC in clinical DDI 
study[79]

Avoid concomitant use when possible. 
Implement more frequent ECG monitoring for 
QT prolongation if used together

Other PIs (ATV/r, 
DRV/r) ↑BDQ Not studied; increased BDQ exposures expected

Avoid concomitant use when possible. 
Implement more frequent ECG monitoring for 
QT prolongation if used together

INSTI

DTG
RAL = BDQ Not studied, but clinically relevant DDI not 

expected Can be co-administered without dose adjustment

EVG/cobi ↑BDQ Not studied; may result in increased BDQ 
concentrations

Avoid due to potential risk of cardiac toxicity. 
Implement more frequent ECG monitoring for 
QT prolongation if used together

NRTI

TDF, ABC, 3TC, FTC = BDQ clinically significant DDIs not expected Can be co-administered without dose adjustment

CCR5 receptor antagonists

MVC = BDQ Not studied; clinically significant DDIs not 
expected Can be co-administered without dose adjustment

NNRTIs, non-nucleoside reverse transcriptase inhibitors; NVP, nevirapine; EFV, efavirenz; RPV, rilpivirine; PIs, protease inhibitors; LPV, 
lopinavir; ATV, atazanavir, DRV, darunavir; INSTIs, integrase inhibitors; RAL, raltegravir; EVG, elvitegravir; cobi, cobicistat;/r, ritonavir-boosted; 
DTG, dolutegravir; NRTI, nucleoside reverse transcriptase inhibitors; TDF, tenofovir disoproxil fumarate; ABC, abacavir; 3TC, lamivudine; FTC, 
emtricitabine; TAF, tenofovir alafenamide; DDIs, drug-drug interactions;
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