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SUMMARY

Tuberculosis (TB) is the leading cause of death for persons living with HIV (PLHIV). TB 

preventive therapy (TPT) works synergistically with, and independently of, antiretroviral therapy 

(ART) to reduce TB morbidity, mortality and incidence among PLHIV. However, although TPT is 

a crucial and cost-effective component of HIV care for adults and children, and has been strongly 

recommended as an international standard of care for over a decade, it has remained highly 

underutilized. If we are to end the global TB epidemic, we must address the significant reservoir 

of TB infection, especially in those, such as PLHIV, with highest risk of progression to TB 

disease. In order to do so, we must confront the pervasive perception that barriers to TPT scale-up 

are insurmountable in resource-limited settings.

In this article, we review available evidence to address several commonly stated obstacles to TPT 

scale-up. These include the need for tuberculin skin testing, limited diagnostic capacity to reliably 

exclude TB disease, concerns about creating drug resistance, suboptimal patient adherence to 

therapy, inability to prevent and monitor for adverse events, a “one size fits all” option for TPT 

regimen and duration, and uncertainty about TPT use in children, adolescents, and pregnant 

women. We also discuss TPT delivery in the era of differentiated care for PLHIV, how to best 

tackle advanced planning for drug procurement and supply chain management, and how to create 

an enabling environment for TPT scale-up success.
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BACKGROUND

Tuberculosis (TB) is the leading cause of death for all people from a single infectious 

organism, and the leading cause overall in persons living with HIV (PLHIV).1 Regular 

screening for TB disease among PLHIV is a standard of care and a critical component of 

HIV care and treatment because it can be effectively treated, especially when diagnosed 

early. TB case detection remains low worldwide, with the number of reported new cases 

only 61% of the estimated TB incidence in 2016.1 Finding and treating people with TB 

disease, and thus interrupting further transmission, remains a top global health priority. 

However, treating patients with TB disease is a downstream intervention. It has been 

estimated that nearly a quarter of the global population is infected with TB, the vast majority 

of whom do not have active disease.2 Without detecting and treating TB infection and 

halting its progression to disease, the TB epidemic will not end. An emphasis on TB 

prevention not only spares individuals the burden of TB-associated morbidity and mortality, 

but it also reduces the economic impact of the disease on the health system as a whole.

Antiretroviral therapy (ART) is a critical TB prevention intervention for PLHIV, and alone 

can reduce the likelihood of developing TB disease by up to 65%. However, PLHIV remain 

at substantially increased risk for TB even when on ART and with high CD4 cell counts.3–4 

TB preventive therapy (TPT) is an instrumental component of HIV care because it has a 

synergistic effect with ART and also independently lowers the risk of TB disease among 

PLHIV.5–6 Multiple studies have demonstrated unequivocally that TPT reduces TB 

incidence among PLHIV and that it is cost-effective.5–13 Recently, researchers from the 

prospective, randomized TEMPRANO study published follow-up data demonstrating that 

six months of isoniazid (INH) — a frequently used TPT regimen — reduced mortality by 

39% at 78 months after enrollment, independent of ART.14 Taken together, ART and TPT 

can have a substantial and sustained epidemiological impact by reducing the risk of TB 

disease among, and therefore transmission from, PLHIV.

Although INH preventive therapy (IPT) specifically has been a priority World Health 

Organization (WHO) recommendation for PLHIV for over a decade, uptake has been slow. 

As of 2016, only 940,269 newly enrolled PLHIV (42%) had started any form of TPT in 23 

high TB or TB/HIV burden countries reporting to WHO.1,15 If we are to end the global TB 

epidemic, we must address the significant reservoir of TB infection, especially in those most 

likely to progress to TB disease (such as PLHIV). In order to do so, we must confront the 

pervasive perception that barriers to TPT scale-up are insurmountable in resource-limited 

settings.
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COMMONLY STATED OBSTACLES TO TPT SCALE-UP

The Need for Tuberculin Skin Testing (TST) to Confirm Latent TB Infection (LTBI)

A positive TST or interferon-gamma release assay (IGRA) indicative of LTBI has been 

shown to identify PLHIV most likely to benefit from IPT.7,16 However, requiring LTBI 

testing in resource-limited settings can be a prohibitive barrier due to financial costs, the 

need for trained technicians (for appropriate administration and interpretation), a reliable 

tuberculin supply chain, and repeat patient visits within a narrow time frame for results 

reading. In addition, its value is limited by poor specificity and sensitivity among PLHIV.17 

Authors of a 2010 Cochrane meta-analysis reported that IPT lowers the risk of TB disease in 

PLHIV with a positive TST as well as for all PLHIV (regardless of TST status), and a 

subsequent study from South Africa also demonstrated benefit for adults with a negative 

TST.7,10 Additionally, a modelling study comparing a “TST-positive only” to a “treat all” 

approach demonstrated that the latter prevented substantially more TB cases among PLHIV 

with a minimum decrease in cost-effectiveness.13 These observations support WHO’s recent 

strong recommendation that LTBI testing should not be a requirement for use of TPT scale-

up in PLHIV.16

Inability to Reliably Rule Out TB Disease and Selective Pressure for TB Drug Resistance

A common concern among clinicians is limited capacity to reliably exclude TB disease. 

Indeed, researchers from multiple studies, including TB prevalence surveys in Asia and 

Kenya, have found a substantial proportion of TB cases with a negative symptom screen.
17–22 However, these surveys were not designed to investigate the sensitivity of clinical 

screening. Other research has shown that clinical screening performs well for ruling out TB 

disease among PLHIV in most settings: the four-symptom TB screen recommended by 

WHO has a negative predictive value (NPV) of 97.7% among adult and adolescent PLHIV 

at a 5% TB prevalence, and 90% NPV at a 20% prevalence.17,23 This NPV increases to 94% 

when combined with chest radiography. However, given the cost, workload, infrastructure, 

and staffing requirements of using chest radiography, not to mention potential lapses in 

machine functionality in resource-limited settings, WHO’s current TB screening 

recommendations do not require its use (though they suggest incorporation in screening 

algorithms where feasible to implement).16 This is supported by a modeling study that 

compared symptom screening alone to symptom screening with chest radiography prior to 

IPT. The authors concluded that although use of chest radiography might reduce new cases 

of potential INH resistance, it paradoxically could result in increased numbers of TB cases 

and deaths due to patient attrition during the radiography process, with fewer people 

ultimately benefiting from TPT.24 Clearly, the costs and benefits of chest radiography for 

initial TB screening must be weighed in terms of a country’s TB burden and resources. If 

chest radiography is not available, screening may be optimized in other ways. In the South 

African XPHACTOR study, adult clinic attendees were screened using the WHO-

recommended four-symptom screen and then Xpert MTB/RIF if they were designated “high 

risk for TB” according to a new algorithm (any of the following: cough, BMI<18.5, 

CD4<100, weight loss ≥10%). In this setting, the NPV was greater than 98% for both ART-

naïve and experienced patients.25
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Healthcare workers’ concern about creating selective pressure for emergent drug-resistant 

TB by providing TPT to PLHIV with undiagnosed TB disease can be a barrier to TPT scale-

up. While researchers from multiple studies have demonstrated the practicality of IPT, none 

have shown a statistically significant increase in INH resistance, leading to WHO’s strong 

recommendation that this concern should not be a barrier to IPT provision.26–31 However, 

many of these studies used laboratory or radiologic tests to rule out TB disease before 

starting IPT, so it is yet unknown whether widespread programmatic scale-up of TPT using 

only clinical symptom screening will result in increased TB drug resistance. This is of 

particular concern for rifamycins; however, no published data have assessed the impact of 

the new, shorter-duration rifamycin-containing TPT regimens (already being implemented in 

some settings) on emerging drug resistance. Theoretically, asymptomatic disease may be 

associated with low bacterial burden that can be eradicated by one or two agents and, based 

on modeling data, the very clear benefits of TPT will likely outweigh a potential risk of drug 

resistance, especially in countries with a decreasing TB incidence overall (as has been 

demonstrated where ART coverage has expanded among PLHIV).19,32–36 Nevertheless, 

programs should be prepared to conduct active surveillance for resistance to drugs included 

in their TPT regimens, and also to perform drug susceptibility testing for patients who 

develop TB disease after receiving TPT.

Patient Adherence and Treatment Completion

Adhering to preventive medical regimens can be difficult, especially when patients feel well 

and regimens require months to complete. Reported adherence rates to TPT are highly 

variable in adults, pregnant women, and children living with HIV, and range from under 

37% to greater than 95%.37–39 The consequences of diminished adherence to preventive 

therapy are not the same as for treatment of disease: poor adherence to preventive therapy 

essentially means that the person is not protected against the possibility of future disease and 

is not in itself harmful. Nevertheless, program personnel and clinicians should make every 

effort to promote adherence to maximize its efficacy. There is evidence that TPT adherence 

and satisfaction can be improved with integration of TB and HIV services, and with INH co-

formulated with cotrimoxazole and vitamin B6.40–46 This fixed dose combination pill has 

now received WHO pre-qualification and inclusion on the Essential Medicines List, and 

several countries have begun registration in advance of procurement.47 In one Botswanan 

study where men and younger patients had low IPT adherence, patients cited work 

commitments as the reason; targeted health outreach to these patient groups and expansion 

of locations or hours for accessing TPT (and ART) could improve completion rates.48 In 

Swaziland, patients demonstrated very high adherence when they self-selected their IPT 

service delivery model, and when their healthcare workers were trained in motivational 

interviewing techniques.49 In South Africa, a similar study reported that patients welcomed 

positive provider messaging on IPT, counselling, and short message service (SMS) 

messaging for treatment support.45 Lastly, patients who are given in-depth counselling 

including explanation of IPT and it’s possible side effects are also more likely to adhere to 

therapy.50 Additional operational research on methods to improve adherence will help 

identify impactful, culturally sensitive interventions, and should be encouraged. Anecdotally, 

providers have reported better treatment adherence when IPT is described as treatment for 
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latent infection (rather than prevention of disease), and the effect of this subtle but important 

distinction merits further investigation.

Inability to Prevent and Monitor for Adverse Events

Clinicians and program personnel frequently express concern about the potential toxicity of 

TPT medications, especially for patients who are also receiving ART. Neuropathy is 

associated with INH, but is also seen with certain antiretrovirals (ARVs) and HIV infection 

itself, making it difficult sometimes to determine the causative agent. It is more frequent in 

PLHIV who are undernourished, and can be prevented with concurrent prescription of 

pyridoxine (vitamin B6).51 However, the adverse event that may be of greatest concern to 

clinicians is INH-associated hepatotoxicity. In the vast majority of cases, elevation in liver 

enzymes as a result of INH therapy is mild (less than 3 times the upper limit of normal), has 

no clinical consequence, and resolves spontaneously or with the cessation of therapy. The 

reported prevalence of hepatotoxicity in people given IPT has varied. In the TEMPRANO 

study of PLHIV, INH was not associated with any increase in Grade 3 or 4 adverse events.6 

In a meta-analysis of data from seven studies (not restricted to PLHIV), a median of 1.8% of 

persons given IPT developed an elevation in liver enzymes (variably defined as greater than 

three to five times the upper limit of normal),52 although in other studies rates of 

hepatotoxicity have been higher.53–54 In 1982, authors from the largest trial of IPT published 

to date reported 95 cases of hepatitis in 20,840 persons receiving INH in European countries 

(0.5%); however, the definition of hepatitis and the method and frequency of screening were 

not described. Of those 95 cases, three were fatal (0.0001% of total enrollees), all three of 

whom had continued to take INH after elevations in liver enzymes were recognized.55

The risk of INH-induced hepatotoxicity can increase markedly with age, consumption of 

alcohol or other potentially hepatotoxic substances, concomitant nevirapine administration, 

active hepatitis, or severe immunosuppression.56–57 Although the prevalence of alcohol use 

and chronic viral hepatitis is often unknown in many TB endemic areas,58–60 the risk of 

INH-associated hepatotoxicity among PLHIV who drink alcohol or who have active 

hepatitis can be mitigated with careful screening and exclusion of potentially high-risk 

individuals, thorough patient and provider education, and appropriate monitoring (direct or 

remote review of symptoms) for adverse reactions. WHO recommends that patients be 

monitored routinely and counseled to contact health providers if they develop any symptom 

or adverse event. However, given limited data, the rarity of clinically relevant adverse events, 

and the poor predictive value of baseline liver enzyme testing for treatment-associated 

adverse events, such testing prior to TPT initiation should not be a barrier to overall TPT 

scale-up where not routinely feasible.61 Programs should be prepared, however, to offer 

clinical management guidance and liver function testing in patients who report symptoms. 

Clinicians should discontinue TPT if the elevation is severe (above five times the upper limit 

of normal). As with all medications, any serious adverse events should be reported to 

national surveillance systems per country-specific protocols.

“One Size Fits All” Option for Regimen and Duration

Investigators from the landmark BOTUSA trial reported that 36 months of INH (as a proxy 

for life-long INH) was cost-effective and reduced TB incidence and deaths (the latter only if 
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TST-positive) compared to a standard six-month course.29,62 Largely based on these results, 

WHO guidelines included the conditional recommendation that adults and adolescent 

PLHIV with unknown or positive TST status and unlikely to have TB disease should receive 

at least 36 months of IPT.63 Authors of a subsequent 2016 systematic review reported that 

the risk of TB in high TB and HIV prevalence settings was 38% lower among participants 

receiving 36 months of IPT compared with six months, with no significantly increased risk 

for drug resistance.64 Investigators from one of the included studies (from South Africa) 

noted more Grade 3 or 4 elevations in liver enzymes among patients receiving continuous 

IPT up to six years, with no increase in hospitalizations or death. However the review 

concluded that the overall benefits of IPT for at least 36 months probably outweighs the risk 

of increased adverse events in settings of high TB prevalence and transmission.28,64 In 

addition, while a long-lasting protective effect of IPT was noted by researchers in the 

moderate TB incidence setting of Rio de Janeiro, the protective effect waned quickly in 

Botswana (after 36 months of treatment) and South Africa (after six), likely due to 

reinfection after successful IPT completion in areas with high TB endemicity.9,28,65–67 

Given this concern, there is increasing global interest in the utility of continuous or recurrent 

IPT in settings with high rates of TB transmission, and additional data on these regimens is 

currently needed.

Some drop-off in IPT efficacy after course completion may also be due to incomplete 

treatment of latent TB.68 While INH is bactericidal against rapidly replicating organisms 

(such as in TB disease), it is only bacteriostatic against latent, non-replicating organisms 

characteristic of LTBI. As a result, some researchers advocate for use of rifamycin-based 

regimens for LTBI treatment instead.68–69 WHO already recommends several options for 

TPT in low TB burden settings and their recent guidance also included an option for three 

months of rifapentine (RPT) with INH (3HP) for high burden settings. 3HP is a shorter 

regimen than six to nine months of INH, has reduced risk of hepatotoxicity, and has been 

shown to have higher treatment completion rate, thus making it a potentially useful TPT 

option for PLHIV in resource-limited settings in the near future.28,70 In addition, results 

from a recently completed Phase three trial comparing nine months of INH to one month of 

INH and RPT (1HP) demonstrated non-inferiority of 1HP.71 Based on recent evidence, we 

know that rifamycins can be used effectively with efavirenz 600 mg and other ARVs such as 

raltegravir. However, they may be problematic for PLHIV on protease inhibitors, efavirenz 

400 mg, or – somewhat concerning given its likely widespread scale-up in the near future – 

dolutegravir (DTG).28,72–75 In particular, rifamycins induce metabolism of DTG, so dose 

adjustment will be required. Additionally, RPT may have a specific interaction with INH: a 

small open-label study evaluating the pharmacokinetics of DTG with RPT-INH in four HIV-

negative health volunteers was terminated early due to the development of flu-like symptoms 

and Grade 2–4 transaminase elevations in two subjects, who were found to have higher than 

expected INH exposure.76 Additional pharmacokinetic investigations are ongoing and 

results are expected by the end of 2018.

Uncertainty about TPT Use for Infants, Children, Adolescents, and Pregnant Women

INH is safe for use and generally has lower toxicity in children than in adults. As children 

and adolescents living with HIV and LTBI are at particular risk for rapid progression to TB 
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disease,77 WHO strongly recommends six months of INH for all children living with HIV 

(CLHIV) 12 months and older who live in a setting with a high prevalence of TB, and those 

less than 12 months with a known TB exposure, in whom TB disease has been excluded. 

Conditionally, they also recommend six months of additional INH for all CLHIV who have 

completed TB treatment, regardless of age.16,78–80 In CLHIV aged 12 months or older with 

a negative TB screen (i.e., no evidence of poor weight gain, fever, current cough, or TB 

contact), IPT can and should be started immediately.81,82

TB/HIV is a major non-obstetric cause of maternal mortality in resource-limited settings and 

also increases the risk of infant mortality and mother-to-child transmission of HIV.83,84 

Given that the risk for progression from LTBI to TB disease appears to be higher during 

pregnancy and the postpartum period,85 the 2018 WHO guidance on LTBI explicitly 

includes pregnant women living with HIV as an IPT-eligible population.16 As of the last 

WHO policy review, eleven countries in sub-Saharan Africa had included pregnant women 

living with HIV in their guidelines for TPT in PLHIV. While the performance of the WHO-

recommended four-symptom screen has been documented to have a low sensitivity 

(28-55%) in pregnant women, the NPV has been shown to be high for ruling out TB disease.
86–89 In addition, while there have been reports of hepatotoxicity in pregnant women 

receiving INH, in the one study that compared rates of INH-related hepatitis and associated 

mortality in pre- and post-partum women to rates in non-pregnant women there was no 

statistically significant difference.90 In a nested study of pregnant women receiving INH in 

the BOTUSA trial, authors also did not find adverse pregnancy outcomes, nor an elevated 

risk of INH-associated hepatitis when used in pregnancy.91 However, recent findings from a 

Phase four randomized trial in Africa, Asia and Haiti reported a statistically significant 

increase in a composite measure of adverse pregnancy outcomes (including preterm delivery, 

low birth weight, congenital anomaly or fetal demise) with IPT initiated during pregnancy 

compared with delay to 12 weeks postpartum; the impact of these new findings on global 

recommendations is yet to be determined.92

TPT Delivery in the Era of Differentiated Care for PLHIV

In the era of “Test and Start”, ART programs are increasingly moving towards offering 

differentiated models of service delivery in order to deliver patient-centered care more 

efficiently and effectively.63 As part of these models, many programs are increasing the 

interval between clinic visits and ARV pickups for PLHIV on ART and deemed to be 

“stable”. TB screening along with prescribing and dispensing practices for TPT and 

cotrimoxazole could be modified to align with those for ARVs in these contexts where 

possible. As care for PLHIV stable on ART moves increasingly into communities, programs 

will need to train patients, community health workers, and/or ART club members to 

distribute TPT and monitor for side effects and/or TB symptoms.93

Planning, Drug Procurement, and Supply Chain Management

The vast majority of PLHIV, numbering in the millions, are candidates for TPT. If TPT 

scale-up is to occur rapidly, advanced planning for procurement and supply management 

will be essential to avoid drug stock outs. TB and HIV programs, including prevention-of-

mother-to-child transmission programs, should forecast anticipated needs (including 
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pediatric dosage forms), and arrange to procure their chosen TPT regimens (+/− vitamin 

B6). If multi-month prescribing in alignment with ART delivery is to be used, adequate 

supplies should be available in advance. Indeed, programs should consider setting aside and 

labeling a full regimen of TPT for each patient at ART initiation. Mechanisms could also be 

instituted for sites to request TPT “pulls” if they ever anticipate running out of stocks. In 

many cases, TPT is best procured from the Global Drug Facility (GDF), an initiative of the 

Stop TB Partnership that already provides quality-assured TB drugs at low cost, and 

provides technical assistance in TB drug management and monitoring. Additionally, by 

creating a large and stable pooled market for TB drugs, the GDF incentivizes a secure global 

supply and, if provided with accurate national forecasts of TPT needs, should be able to 

manage increased demand in the context of global TPT scale up.94 Since National TB 

Programs may already be procuring TPT for children with known TB exposure (and often 

have a history of working with the GDF), it may be easiest for them to continue to procure 

TPT and transfer stocks to HIV programs for disbursement to PLHIV. There are, obviously, 

alternative procurement paths, and each country will need to determine what is best and 

most reliable for them. Ultimately, the logistical aspects of TPT should foster close 

collaboration between national TB and HIV programs, which will help programs to improve 

WHO-recommended service integration.

The Need for an “Enabling Environment” for TPT Scale-up

We recommend that National TB and HIV programs engage in technical cooperation with 

international donors and partners to ensure that specific recommendations and/or strategies 

for TPT are in place before widespread scale-up. Once these recommendations are in place, 

advocacy and education efforts will be important to ensure successful scale-up of TPT. As 

part of the Brazilian THRio study, participants attending clinics where healthcare workers 

received specific training on IPT administration had a 31% reduction in TB or mortality 

compared with clinics where healthcare workers had not received this training.95 In 2014, 

investigators from a pilot IPT program in Zimbabwe speculated that only half of patients 

received IPT due to several factors, including inadequate advocacy, community sensitization, 

formally trained staff, education and communication materials, and IPT stocks.96 Planning 

for and addressing each of these components will be critical for successful TPT scale-up. In 

addition, coordinated efforts of the HIV and TB programs will not only result in better 

patient-centered care, but has also been shown (through the IeDEA Consortium of 26 low-

income countries) to improve the implementation of TPT for PLHIV.15,46 Lastly, in order to 

adequately monitor and evaluate TPT scale-up, programs may need to adapt current data 

collection registers to capture TPT duration, completion, outcomes, and monitoring for 

adverse events. In addition to routine data collection, regional implementation science or 

situational assessments may shed light on the types of TPT service delivery models and 

interventions that should be implemented at scale in a given setting.

CONCLUSION

TPT is a standard and crucial component of HIV care for adults and children but, although it 

has been strongly recommended as an international standard of care for over a decade, it has 

remained highly underutilized. While there are some legitimate areas of concern, notably the 
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hepatotoxic effects of INH and the possibility of engendering resistance, TPT has been 

demonstrated to be a cost-effective method to reduce morbidity, mortality, and TB incidence 

among PLHIV. Most national HIV programs do have a policy for TPT, but very few of them 

have developed the programming to turn it into a practical reality. Among other donor 

agencies, the U.S. President’s Emergency Plan for AIDS Relief (PEPFAR) has recently 

emphasized the importance of TPT, and now requires implementing partners to report on its 

initiation and completion among PLHIV under HIV care and treatment.97 The recognition 

that TPT provision for PLHIV is an integral part of quality HIV care is the first step required 

by national programs and their partners. However, serious commitments should continue to 

be made to address anticipated barriers and scale-up TPT in a meaningful way. It is 

inexcusable that TB remains the leading cause of death among PLHIV when we have an 

evidence-based method of prevention but have failed to implement it. Now is the time for 

HIV programs to assume greater leadership and, in coordination with TB programs, place 

the same emphasis on TPT scale-up that was placed on HIV testing for all people with TB 

and, more recently, Test and Start for all PLHIV.

Acknowledgments

The authors would like to thank the many members of the Centers for Disease Control (CDC), United States 
Agency for International Development (USAID), Office of the Global AIDS Coordinator (OGAC), and World 
Health Organization (WHO) who provided input on the content of this article. Funding and technical expertise for 
this report have been supported wholly by the President’s Emergency Plan for AIDS Relief (PEPFAR) through 
CDC and USAID.

References

1. World Health Organization. Global Tuberculosis Report, 2017. Geneva, Switzerland: WHO; 2017. 
http://www.who.int/tb/publications/global_report/en/. Accessed January 8, 2018

2. Houben RM, Dodd PJ. The global burden of latent tuberculosis infection: a re-estimation using 
mathematical modelling. PLoS Med. 2016; 13(10):e1002152. [PubMed: 27780211] 

3. Gupta RK, Rice B, Brown AE, Thomas HL, Zenner D, Anderson L, et al. Does antiretroviral 
therapy reduce HIV-associated tuberculosis incidence to background rates? A national observational 
cohort study from England, Wales, and Northern Ireland. Lancet HIV. 2015; 2(6):e243–51. 
[PubMed: 26423197] 

4. Suthar AB, Lawn SD, del Amo J, Getahun H, Dye C, Sculier D, et al. Antiretroviral therapy for 
prevention of tuberculosis in adults with HIV: a systematic review and meta-analysis. PLoS Med. 
2012; 9(7):e1001270. [PubMed: 22911011] 

5. Ayele HT, Mourik MS, Debray TP, Bonten MJ. Isoniazid prophylactic therapy for the prevention of 
tuberculosis in HIV infected adults: a systematic review and meta-analysis of randomized trials. 
PloS One. 2015; 10(11):e0142290. [PubMed: 26551023] 

6. TEMPRANO ANRS 12136 Study Group. Danel C, Moh R, Gabillard D, Badje A, Le Carrou J, et 
al. A trial of early antiretrovirals and isoniazid preventive therapy in Africa. N Engl J Med. 2015; 
373(9):808–22. [PubMed: 26193126] 

7. Akolo C, Adetifa I, Shepperd S, Volmink J. Treatment of latent tuberculosis infection in HIV 
infected persons. Cochrane Database of Systematic Reviews. 2010; (1):CD000171. [PubMed: 
20091503] 

8. Briggs MA, Emerson C, Modi S, Taylor NK, Date A. Use of isoniazid preventive therapy for 
tuberculosis prophylaxis among people living with HIV/AIDS: a review of the literature. J Acquir 
Immune Defic Syndr. 2015; 68 (Suppl 3):S297–305. [PubMed: 25768869] 

9. Golub JE, Cohn S, Saraceni V, Cavalcante SC, Pacheco AG, Moulton LH, et al. Long-term 
protection from isoniazid preventive therapy for tuberculosis in HIV-infected patients in a medium-

Pathmanathan et al. Page 9

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.who.int/tb/publications/global_report/en/


burden tuberculosis setting: the TB/HIV in Rio (THRio) study. Clin Infect Dis. 2015; 60(4):639–45. 
[PubMed: 25365974] 

10. Rangaka MX, Wilkinson RJ, Boulle A, Glynn JR, Fielding K, van Cutsem G, et al. Isoniazid plus 
antiretroviral therapy to prevent tuberculosis: a randomised double-blind, placebo-controlled trial. 
Lancet. 2014; 384(9944):682–90. [PubMed: 24835842] 

11. Azadi M, Bishai DM, Dowdy DW, Moulton LH, Cavalcante S, Saraceni V, et al. Cost-effectiveness 
of tuberculosis screening and isoniazid treatment in the TB/HIV in Rio (THRio) Study. Int J 
Tuburc Lung Dis. 2014; 18(12):1443–8.

12. Hausler HP, Sinanovic E, Kumaranayake L, Naidoo P, Schoeman H, Karpakis B, et al. Costs of 
measures to control tuberculosis/HIV in public primary care facilities in Cape Town, South Africa. 
Bull World Health Organ. 2006; 84(7):528–36. [PubMed: 16878226] 

13. Shrestha RK, Mugisha B, Bunnell R, Mermin J, Odeke R, Madra P, et al. Cost-utility of 
tuberculosis prevention among HIV-infected adults in Kampala, Uganda. Int J Tuberc Lung Dis. 
2007; 11(7):747–54. [PubMed: 17609049] 

14. Badje A, Moh R, Gabillard D, Guéhi C, Kabran M, Ntakpé JB, et al. Effect of isoniazid preventive 
therapy on risk of death in west African, HIV-infected adults with high CD4 cell counts: long-term 
follow-up of the Temprano ANRS 12136 trial. Lancet Glob Health. 2017 Nov; 5(11):e1080–
e1089. [PubMed: 29025631] 

15. World Health Organization, 2015. A Guide to Monitoring and Evaluation for Collaborative 
TB/HIV Activities; 2015 Revision. Geneva, Switzerland: WHO; 2015. http://www.who.int/tb/
publications/monitoring-evaluation-collaborative-tb-hiv/en/. Accessed Jan 8, 2018

16. World Health Organization, 2018. Latent Tuberculosis Infection: Updated and Consolidated 
Guidelines for Programmatic Management. Geneva, Switzerland: WHO; 2018. http://
www.who.int/tb/publications/2018/latent-tuberculosis-infection/en/. Accessed Mar 22, 2018

17. Getahun H, Kittikraisak W, Heilig CM, Corbett EL, Ayles H, Cain KP, et al. Development of a 
standardized screening rule for tuberculosis in people living with HIV in resource-constrained 
settings: individual participant data meta-analysis of observational studies. PLoS Med. 2011; 
8(1):e1000391. [PubMed: 21267059] 

18. Onozaki I, Law I, Sismanidis C, Zignol M, Glaziou P, Floyd K. National tuberculosis prevalence 
surveys in Asia, 1990-2012: an overview of results and lessons learned. Trop Med Int Health. 
2015; 20(9):1128–45. [PubMed: 25943163] 

19. Sitienei, J., Kenya Tuberculosis Prevalence Survey - Preliminary Results. Current status of patient 
cost surveys. Liverpool, England: 2016. Presented at: WHO Global Task Force on TB Impact 
Measurement: Latest results from national TB prevalence surveys, non-TB mycobacteria (NTMs): 
how did they get into my survey?. October 26, 2016;

20. Rahman, SM., National Tuberculosis Prevalence Survey of Bangladesh, 2015–2016 - Preliminary 
Results. Current status of patient cost surveys. Liverpool, England: Oct 26, 2016 Presented at: 
WHO Global Task Force on TB Impact Measurement: Latest results from national TB prevalence 
surveys, non-TB mycobacteria (NTMs): how did they get into my survey? . 

21. Corbett EL, Bandason T, Cheung YB, Munyati S, Godfrey-Faussett P, Hayes R, et al. 
Epidemiology of tuberculosis in a high HIV prevalence population provided with enhanced 
diagnosis of symptomatic disease. PLoS Med. 2007; 4(1):e22. [PubMed: 17199408] 

22. Wood R, Middelkoop K, Myer L, Grant AD, Whitelaw A, Lawn SD, et al. Undiagnosed 
tuberculosis in a community with high HIV prevalence: implications for tuberculosis control. Am 
J Respir Crit Care Med. 2007; 175(1):87–93. [PubMed: 16973982] 

23. Cain KP, McCarthy KD, Heilig CM, Monkongdee P, Tasaneepayan T, Kanara N, et al. An 
algorithm for tuberculosis screening and diagnosis in people with HIV. N Engl J Med. 2010; 
362(8):707–716. [PubMed: 20181972] 

24. Samandari T, Bishai D, Luteijn M, Mosimaneotsile B, Motsamai O, Postma M, et al. Costs and 
consequences of additional chest x-ray in a tuberculosis prevention program in Botswana. Am J 
Respir Crit Care Med. 2011; 183(8):1103–11. [PubMed: 21148723] 

25. Hanifa, YFK.Chihota, V., et al., editors. Conference on Retroviruses and Opportunistic Infections. 
Seattle, USA: 2015. Evaluation of WHO 4-Symptom Tool to Rule Out TB: Data from the 
XPHACTOR Study. 

Pathmanathan et al. Page 10

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.who.int/tb/publications/monitoring-evaluation-collaborative-tb-hiv/en/
http://www.who.int/tb/publications/monitoring-evaluation-collaborative-tb-hiv/en/
http://www.who.int/tb/publications/2018/latent-tuberculosis-infection/en/
http://www.who.int/tb/publications/2018/latent-tuberculosis-infection/en/


26. Balcells ME, Thomas SL, Godfrey-Faussett P, Grant AD. Isoniazid preventive therapy and risk for 
resistant tuberculosis. Emerg Infect Dis. 2006; 12(5):744–51. [PubMed: 16704830] 

27. Date AA, Vitoria M, Granich R, Banda M, Fox MY, Gilks C. Implementation of co-trimoxazole 
prophylaxis and isoniazid preventive therapy for people living with HIV. Bull World Health Organ. 
2010; 88(4):253–9. [PubMed: 20431788] 

28. Martinson NA, Barnes GL, Moulton LH, Msandiwa R, Hausler H, Ram M, et al. New regimens to 
prevent tuberculosis in adults with HIV infection. N Engl J Med. 2011; 365(1):11–20. [PubMed: 
21732833] 

29. Samandari T, Agizew TB, Nyirenda S, Tedla Z, Sibanda T, Shang N, et al. 6-month versus 36-
month isoniazid preventive treatment for tuberculosis in adults with HIV infection in Botswana: a 
randomised, double-blind, placebo-controlled trial. The Lancet. 2011; 377(9777):1588–98.

30. Swaminathan S, Menon PA, Gopalan N, Perumal V, Santhanakrishnan RK, Ramachandran R, et al. 
Efficacy of a six-month versus a 36-month regimen for prevention of tuberculosis in HIV-infected 
persons in India: a randomized clinical trial. PloS One. 2012; 7(12):e47400. [PubMed: 23251327] 

31. van Halsema CL, Fielding KL, Chihota VN, Russell EC, Lewis JJ, Churchyard GJ, et al. 
Tuberculosis outcomes and drug susceptibility in individuals exposed to isoniazid preventive 
therapy in a high HIV prevalence setting. AIDS. 2010; 24(7):1051–5. [PubMed: 20299958] 

32. Kunkel A, Crawford FW, Shepherd J, Cohen T. Benefits of continuous isoniazid preventive therapy 
may outweigh resistance risks in a declining tuberculosis/HIV coepidemic. AIDS. 2016; 30(17):
2715–23. [PubMed: 27782966] 

33. Cohn DL. Subclinical tuberculosis in HIV-infected patients: another challenge for the diagnosis of 
tuberculosis in high-burden countries? Clin Infect Dis. 2005; 40(10):1508–10. [PubMed: 
15844074] 

34. Haumba S, Dlamini T, Calnan M, Ghazaryan V, Smith-Arthur AE, Preko P, et al. Declining 
tuberculosis notification trend associated with strengthened TB and expanded HIV care in 
Swaziland. Public Health Action. 2015; 5(2):103–5. [PubMed: 26400378] 

35. Nanoo A, Izu A, Ismail NA, Ihekweazu C, Abubakar I, Mametja D, et al. Nationwide and regional 
incidence of microbiologically confirmed pulmonary tuberculosis in South Africa, 2004–12: a 
time series analysis. Lancet Infect Dis. 2015; 15(9):1066–76. [PubMed: 26112077] 

36. Saito S, Mpofu P, Carter EJ, Diero L, Wools-Kaloustian KK, Yiannoutsos CT, et al. 
Implementation and operational research: declining tuberculosis incidence among people receiving 
HIV care and treatment services in East Africa, 2007-2012. J Acquir Immune Defic Syndr. 2016; 
71(4):e96–e106. [PubMed: 26910387] 

37. Shayo GA, Moshiro C, Aboud S, Bakari M, Mugusi FM. Acceptability and adherence to isoniazid 
preventive therapy in HIV-infected patients clinically screened for latent tuberculosis in Dar es 
Salaam, Tanzania. BMC Infect Dis. 2015; 15:368. [PubMed: 26306511] 

38. Masini EO, Sitienei J, Weyeinga H. Outcomes of isoniazid prophylaxis among HIV-infected 
children attending routine HIV care in Kenya. Public Health Action. 2013; 3(3):204–8. [PubMed: 
26393030] 

39. Tiam A, Machekano R, Gounder CR, Maama-Maime LB, Ntene-Sealiete K, Sahu M, et al. 
Preventing tuberculosis among HIV-infected pregnant women in Lesotho: the case for rolling out 
active case finding and isoniazid preventive therapy. J Acquir Immune Defic Syndr. 2014; 
67(1):e5–e11. [PubMed: 25118796] 

40. Getahun H, Granich R, Sculier D, Gunneberg C, Blanc L, Nunn P, et al. Implementation of 
isoniazid preventive therapy for people living with HIV worldwide: barriers and solutions. AIDS. 
2010; 24 (Suppl 5):S57–65. [PubMed: 21079430] 

41. Churchyard GJ, Scano F, Grant AD, Chaisson RE. Tuberculosis preventive therapy in the era of 
HIV infection: overview and research priorities. J Infect Dis. 2007; 196 (Suppl 1):S52–62. 
[PubMed: 17624827] 

42. Harries AD, Lawn SD, Suthar AB, Granich R. Benefits of combined preventive therapy with co-
trimoxazole and isoniazid in adults living with HIV: time to consider a fixed-dose, single tablet 
coformulation. Lancet Infect Dis. 2015; 15(12):1492–6. [PubMed: 26515525] 

Pathmanathan et al. Page 11

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



43. Ayele HT, van Mourik MS, Bonten MJ. Predictors of adherence to isoniazid preventive therapy in 
people living with HIV in Ethiopia. Int J Tuberc Lung Dis. 2016; 20(10):1342–7. [PubMed: 
27725045] 

44. Gibb DB-DMADea. Sulfamethoxazole/trimethoprim/isoniazid/pyridoxine scored tablets are 
bioequivalent to individual products and are acceptable to patients with advanced HIV infection in 
the REALITY trial; 46th Union World Conference on Lung Health; Cape Town, South Africa. 
2015. 

45. Hanrahan, CKH., Dowdy, D., et al. Patient preferences for provision of isoniazid preventive 
therapy among people living with HIV in South Africa; 47th Union World Lung Health 
Conference; Liverpool, England. 2016. 

46. Charles MK, Lindegren ML, Wester CW, Blevins M, Sterling TR, Dung NT, et al. Implementation 
of tuberculosis intensive case finding, isoniazid preventive therapy, and infection control (“three 
I’s”) and HIV-tuberculosis service integration in lower income countries. PloS One. 2016; 
11(4):e0153243. [PubMed: 27073928] 

47. World Health Organization, 2017. WHO Model List of Essential Medicines. 20th. Geneva, 
Switzerland: WHO; 2017. http://www.who.int/medicines/publications/essentialmedicines/en/. 
Accessed Jan 8, 2018

48. Gust DA, Mosimaneotsile B, Mathebula U, Chingapane B, Gaul Z, Pals SL, et al. Risk factors for 
non-adherence and loss to follow-up in a three-year clinical trial in Botswana. PloS One. 2011; 
6(4):e18435. [PubMed: 21541021] 

49. Adams LV, Mahlalela N, Talbot EA, Pasipamire M, Ginindza S, Calnan M, et al. High completion 
rates of isoniazid preventive therapy among persons living with HIV in Swaziland. Int J Tuberc 
Lung Dis. 2017; 21(10):1127–32.

50. Mindachew M, Deribew A, Tessema F, Biadgilign S. Predictors of adherence to isoniazid 
preventive therapy among HIV positive adults in Addis Ababa, Ethiopia. BMC Public Health. 
2011; 11:916. [PubMed: 22151609] 

51. van der Watt JJ, Harrison TB, Benatar M, Heckmann JM. Polyneuropathy, anti-tuberculosis 
treatment and the role of pyridoxine in the HIV/AIDS era: a systematic review. Int J Tuberc Lung 
Dis. 2011; 15(6):722–8. [PubMed: 21477422] 

52. Kunst H, Khan KS. Age-related risk of hepatotoxicity in the treatment of latent tuberculosis 
infection: a systematic review. Int J Tuberc Lung Dis. 2010; 14(11):1374–81. [PubMed: 
20937175] 

53. van Griensven J, Choun K, Chim B, Thai S, Lorent N, Lynen L. Implementation of isoniazid 
preventive therapy in an HIV clinic in Cambodia: high rates of discontinuation when combined 
with antiretroviral therapy. Trop Med Int Health. 2015; 20(12):1823–31. [PubMed: 26426387] 

54. Kahwati LC, Feltner C, Halpern M, Woodell CL, Boland E, Amick HR, et al. Primary care 
screening and treatment for latent tuberculosis infection in adults: evidence report and systematic 
review for the US Preventive Services Task Force. JAMA. 2016; 316(9):970–83. [PubMed: 
27599332] 

55. Efficacy of various durations of isoniazid preventive therapy for tuberculosis: five years of follow-
up in the IUAT trial. International Union Against Tuberculosis Committee on Prophylaxis. Bull 
World Health Organ. 1982; 60(4):555–64. [PubMed: 6754120] 

56. Saukkonen JJ, Cohn DL, Jasmer RM, Schenker S, Jereb JA, Nolan CM, et al. An official ATS 
statement: hepatotoxicity of antituberculosis therapy. Am J Resp Crit Care Med. 2006; 174(8):
935–52. [PubMed: 17021358] 

57. Ngongondo M, Miyahara S, Hughes MD, Sun X, Bisson GP, Gupta A, et al. Hepatotoxicity during 
isoniazid preventive therapy and antiretroviral therapy in people living with HIV with severe 
immunosuppression: a secondary analysis of a multi-country open-label randomized controlled 
clinical trial. J Acquir Immune Defic Syndr. 2018; [Epub ahead of print]. doi: 10.1097/QAI.
0000000000001641

58. Francis JM, Grosskurth H, Changalucha J, Kapiga SH, Weiss HA. Systematic review and meta-
analysis: prevalence of alcohol use among young people in eastern Africa. Trop Med Int Health. 
2014; 19(4):476–88. [PubMed: 24479379] 

Pathmanathan et al. Page 12

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.who.int/medicines/publications/essentialmedicines/en/


59. Matthews PC, Geretti AM, Goulder PJ, Klenerman P. Epidemiology and impact of HIV coinfection 
with hepatitis B and hepatitis C viruses in Sub-Saharan Africa. J Clin Virol. 2014; 61(1):20–33. 
[PubMed: 24973812] 

60. Global Hepatitis Report. Geneva, Switzerland: World Health Organization; 2017. 

61. World Health Organization, 2015. Adverse Events Associated with Use of Isoniazid Preventive 
Therapy Among People Living with HIV. Geneva, Switzerland: WHO; 2015. http://
www.who.int/tb/challenges/hiv/info_note_ipt_adverse_events.pdf. Accessed Jan 8, 2018

62. Smith T, Samandari T, Abimbola T, Marston B, Sangrujee N. Implementation and Operational 
Research: Cost-Effectiveness of Antiretroviral Therapy and Isoniazid Prophylaxis to Reduce 
Tuberculosis and Death in People Living with HIV in Botswana. J Acquir Immune Defcic Syndr. 
2015; 70(3):e.84–93.

63. World Health Organization, 2016. Consolidated Guidelines on the Use of Antiretroviral Drugs for 
Treating and Preventing HIV Infection; Recommendations for a Public Health Approach. Geneva, 
Switzerland: WHO; 2016. http://www.who.int/hiv/pub/arv/arv-2016/en/. Accessed Jan 8, 2018

64. Den Boon S, Matteelli A, Ford N, Getahun H. Continuous isoniazid for the treatment of latent 
tuberculosis infection in people living with HIV. AIDS. 2016; 30(5):797–801. [PubMed: 
26730567] 

65. Churchyard GJ, Fielding KL, Lewis JJ, Coetzee L, Corbett EL, Godfrey-Faussett P, et al. A trial of 
mass isoniazid preventive therapy for tuberculosis control. N Engl J Med. 2014; 370(4):301–10. 
[PubMed: 24450889] 

66. Hermans SM, Grant AD, Chihota V, Lewis JJ, Vynnycky E, Churchyard GJ, et al. The timing of 
tuberculosis after isoniazid preventive therapy among gold miners in South Africa: a prospective 
cohort study. BMC Med. 2016; 14:45. [PubMed: 27004413] 

67. Samandari T, Agizew TB, Nyirenda S, Tedla Z, Sibanda T, Mosimaneotsile B, et al. Tuberculosis 
incidence after 36 months’ isoniazid prophylaxis in HIV-infected adults in Botswana: a posttrial 
observational analysis. AIDS. 2015; 29(3):351–9. [PubMed: 25686683] 

68. Sumner T, Houben RM, Rangaka MX, Maartens G, Boulle A, Wilkinson RJ, et al. Post-treatment 
effect of isoniazid preventive therapy on tuberculosis incidence in HIV-infected individuals on 
antiretroviral therapy. AIDS. 2016; 30(8):1279–86. [PubMed: 26950316] 

69. Houben RM, Sumner T, Grant AD, White RG. Ability of preventive therapy to cure latent 
Mycobacterium tuberculosis infection in HIV-infected individuals in high-burden settings. Proc 
Natl Acad Sci U S A. 2014; 111(14):5325–30. [PubMed: 24706842] 

70. Sterling TR, Villarino MW, Borisov AS, Shang N, Gordin F, Bliven-Sizemore E, et al. Three 
Months of Rifapentine and Isoniazid for Latent Tuberculosis Infection. N Engl J Med. 2011; 
365:2155–2166. [PubMed: 22150035] 

71. Swindells, S., Ramchandani, R., Gupta, A., Benson, CA., Leon-Cruz, JT., Omoz-Oarhe, A., et al. 
One Month of Rifapentine/Isoniazid to Prevent TB in People with HIV: BRIEF-TB/A5279; 
Presented at: Conference on Retroviruses and Opportunistic Infections; March 4-7, 2018; Boston, 
MA. Abstract 37LB

72. Farenc, C., Doroumian, S., Cantalloube, C., et al. Rifapentine once-weekly dosing effect on 
Efavirenz, Emtricitibine and Tenofovir PKs; Conference of Retroviruses and Opportunistic 
Infections; Boston, USA. 2014. 

73. Podany AT, Bao Y, Swindells S, Chaisson RE, Andersen JW, Mwelase T, et al. Efavirenz 
pharmacokinetics and pharmacodynamics in HIV-infected persons receiving rifapentine and 
isoniazid for tuberculosis prevention. Clin Infect Dis. 2015; 61(8):1322–7. [PubMed: 26082504] 

74. Weiner M, Egelund EF, Engle M, Kiser M, Prihoda TJ, Gelfond JA, et al. Pharmacokinetic 
interaction of rifapentine and raltegravir in healthy volunteers. J Antimicrob chemother. 2014; 
69(4):1079–85. [PubMed: 24343893] 

75. World Health Organization, 2017. Transition to New Antiretrovirals in HIV Programmes; Policy 
Brief. Geneva, Switzerland: WHO; 2017. http://www.who.int/hiv/pub/toolkits/transition-to-new-
arv/en// Accessed Jan 8, 2018

76. Brooks, KMPA., George, JM., Alfaro, R., Kellogg, A., McLaughlin, M., McManus, M., Hadigan, 
C., Kovacs, JA., Kumar, P. Termination of a PK study between dolutegravir and weekly isoniazid; 
Conference on Retroviruses and Opportunistic Infections Seattle; Washington, USA. 2017. 

Pathmanathan et al. Page 13

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.who.int/tb/challenges/hiv/info_note_ipt_adverse_events.pdf
http://www.who.int/tb/challenges/hiv/info_note_ipt_adverse_events.pdf
http://www.who.int/hiv/pub/arv/arv-2016/en/
http://www.who.int/hiv/pub/toolkits/transition-to-new-arv/en//
http://www.who.int/hiv/pub/toolkits/transition-to-new-arv/en//


77. Getahun H, Matteelli A, Chaisson RE, Raviglione M. Latent Mycobacterium tuberculosis 
infection. N Engl J Med. 2015; 372(22):2127–35. [PubMed: 26017823] 

78. Zar HJ, Cotton MF, Strauss S, Karpakis J, Hussey G, Schaaf HS, et al. Effect of isoniazid 
prophylaxis on mortality and incidence of tuberculosis in children with HIV: randomised 
controlled trial. BMJ. 2007; 334(7585):136. [PubMed: 17085459] 

79. Gray DM, Zar H, Cotton M. Impact of tuberculosis preventive therapy on tuberculosis and 
mortality in HIV-infected children. The Cochrane database of systematic reviews. 2009; 
(1):CD006418. [PubMed: 19160285] 

80. World Health Organization, 2014. Guidance for National Tuberculosis Programmes on the 
Management of Tuberculosis in Children. Second. Geneva, Switzerland: WHO; 2014. http://
www.who.int/tb/publications/childtb_guidelines/en/. Accessed Jan 8, 2018

81. le Roux SM, Cotton MF, Myer L, le Roux DM, Schaaf HS, Lombard CJ, et al. Safety of long-term 
isoniazid preventive therapy in children with HIV: a comparison of two dosing schedules. Int J 
Tuberc Lung Dis. 2013; 17(1):26–31. [PubMed: 23146410] 

82. Marais BJ. Improving access to tuberculosis preventive therapy and treatment for children. Int J 
Infect Dis. 2017; 56:122–5. [PubMed: 27993688] 

83. Getahun H, Sculier D, Sismanidis C, Grzemska M, Raviglione M. Prevention, diagnosis, and 
treatment of tuberculosis in children and mothers: evidence for action for maternal, neonatal, and 
child health services. Journal Infect Dis. 2012; 205 (Suppl 2):S216–27. [PubMed: 22448018] 

84. Gupta A, Nayak U, Ram M, Bhosale R, Patil S, Basavraj A, et al. Postpartum tuberculosis 
incidence and mortality among HIV-infected women and their infants in Pune, India, 2002-2005. 
Clin Infect Dis. 2007; 45(2):241–9. [PubMed: 17578786] 

85. Zenner D, Kruijshaar ME, Andrews N, Abubakar I. Risk of tuberculosis in pregnancy: a national, 
primary care-based cohort and self-controlled case series study. Am J Respir Crit Care Med. 2012; 
185(7):779–84. [PubMed: 22161161] 

86. Gupta A, Chandrasekhar A, Gupte N, Patil S, Bhosale R, Sambarey P, et al. Symptom screening 
among HIV-infected pregnant women is acceptable and has high negative predictive value for 
active tuberculosis. Clin Infect Dis. 2011; 53(10):1015–8. [PubMed: 21940417] 

87. Hoffmann CJ, Variava E, Rakgokong M, Masonoke K, van der Watt M, Chaisson RE, et al. High 
prevalence of pulmonary tuberculosis but low sensitivity of symptom screening among HIV-
infected pregnant women in South Africa. PloS One. 2013; 8(4):e62211. [PubMed: 23614037] 

88. LaCourse SM, Cranmer LM, Matemo D, Kinuthia J, Richardson BA, John-Stewart G, et al. 
Tuberculosis case finding in HIV-infected pregnant women in Kenya reveals poor performance of 
symptom screening and rapid diagnostic tests. J Acquir Immune Defic Syndr. 2016; 71(2):219–27. 
[PubMed: 26334736] 

89. Modi S, Cavanaugh JS, Shiraishi RW, Alexander HL, McCarthy KD, Burmen B, et al. Performance 
of clinical screening algorithms for tuberculosis intensified case finding among people living with 
HIV in Western Kenya. PloS One. 2016; 11(12):e0167685. [PubMed: 27936146] 

90. Franks AL, Binkin NJ, Snider DE Jr, Rokaw WM, Becker S. Isoniazid hepatitis among pregnant 
and postpartum Hispanic patients. Public Health Rep. 1989; 104(2):151–5. [PubMed: 2495549] 

91. Taylor AW, Mosimaneotsile B, Mathebula U, Mathoma A, Moathlodi R, Theebetsile I, et al. 
Pregnancy outcomes in HIV-infected women receiving long-term isoniazid prophylaxis for 
tuberculosis and antiretroviral therapy. Infect Dis Obstet Gynecol. 2013; 2013:195637. [PubMed: 
23533318] 

92. Gupta, A., Montepiedra, G., Aaron, L., Theron, G., McCarthy, K., Onyango-Makumbi, C., et al. 
Randomized trial of safety of isoniazid preventive therapy during or after pregnancy; Presented at: 
Conference on Retroviruses and Opportunistic Infections; March 4-7, 2018; Boston, MA. Abstract 
142LB

93. Pathmanathan I, Pevzner E, Cavanaugh J, Nelson L. Addressing tuberculosis in differentiated care 
provision for people living with HIV. Bull World Health Organ. 2017; 95(1):3. [PubMed: 
28053356] 

94. Arinaminpathy N, Cordier-Lassalle T, Lunte K, Dye C. The Global Drug Facility as an 
Intervention in the Market for Tuberculosis Drugs. Bull World Health Organ. 2015; 93:237–248. 
[PubMed: 26229188] 

Pathmanathan et al. Page 14

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.who.int/tb/publications/childtb_guidelines/en/
http://www.who.int/tb/publications/childtb_guidelines/en/


95. Durovni B, Cavalcante SC, Saraceni V, Vellozo V, Israel G, King BS, et al. The implementation of 
isoniazid preventive therapy in HIV clinics: the experience from the TB/HIV in Rio (THRio) 
study. AIDS. 2010; 24(Suppl 5):S49–56.

96. Makoni A, Chemhuru M, Tshimanga M, Gombe NT, Mungati M, Bangure D. Evaluation of the 
isoniazid preventive therapy (IPT) program in Shurugwi District, Midlands Province, Zimbabwe, 
January 2013 to August 2014. BMC Res Notes. 2015; 8:476. [PubMed: 26408193] 

97. The United States President’s Emergency Plan for AIDS Relief. Tuberculosis and HIV/AIDS. 
2017. https://www.pepfar.gov/press/262033.htm. Accessed Jan 8, 2018

Pathmanathan et al. Page 15

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.pepfar.gov/press/262033.htm


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pathmanathan et al. Page 16

Table

Commonly Stated Obstacles to TPT Scale-Up and Evidence-Based Recommendations

Perceived Obstacle Reality Recommendations

Need for LTBI testing • LTBI testing requires financial investment, 
trained technicians, reliable supply chain and 
repeat patient visits
• IPT benefit demonstrated in absence of TST 
testing

• TPT scale up regardless of TST/IGRA availability

Inability to reliably rule out 
TB disease

• 4 symptom screen has reasonable sensitivity 
among PLHIV in most settings, and can be 
optimized further (e.g., XPHACTOR study)
• Sensitivity increases with CXR, but this 
increases cost, workload and infrastructure and 
staffing requirements

• 4 symptom screen of all PLHIV at every encounter 
(consider XPHACTOR algorithm)
• Weigh utility of CXR in terms of country’s TB burden 
and resources

Creation of TB drug 
resistance

• No evidence of increased INH resistance with 
IPT, but unknown what will occur with 
programmatic scale up and use of new drugs

• Close patient follow up, and drug susceptibility testing 
in unlikely event of a patient developing TB disease while 
on a TPT regimen
• Periodic national TB drug resistance surveillance

Patient adherence and 
treatment completion

• Reported adherence rates to TPT are highly 
variable, but adherence is required for efficacy

• Integrated TB/HIV services, and INH co-formulation 
with CTX/B6
• Differentiated service delivery
• Use of shorter TPT regimens where appropriate
• Positive provider messaging, patient education, in-depth 
motivational counselling, and SMS treatment support
• Documentation of TPT completion in programmatic 
reporting

Inability to prevent and 
monitor for adverse events

• INH-associated LFT elevations usually have few 
clinical consequences, but risk increases with age, 
alcohol, nevirapine, immunosuppression, etc.
• Neuropathy can occur, especially in 
undernourished PLHIV

• Careful screening for TPT exclusion criteria
• Patient education and appropriate monitoring for 
adverse events
• Adverse event reporting to national surveillance systems

One size fits all option for 
regimen and duration

• 36 months of INH can be more effective than 6 
months, but its protective effect wanes quickly in 
high TB prevalence settings

• Other regimens (e.g., 3 months rifapentine + INH) may 
be recommended options for high-burden settings 
(shorter, better tolerability, but requires caution with some 
ARVs)

Uncertainty about use in 
children/adolescents

• INH is safe and generally has lower toxicity in 
children than adults

• TPT provision for all children living with HIV ≥12 
months, or <12 months with a known TB exposure, after 
exclusion of TB disease

Uncertainty about use in 
pregnancy

• INH has not been shown to result in statistically 
significant increases in hepatotoxicity; however, 
recent data identified a statistically significant 
increase in any adverse pregnancy outcome 
compared to deferring INH until the postpartum 
period

• Pregnant women living with HIV should be routinely 
screened for TB
• Pregnant women living with HIV who do not have TB 
disease should be counseled about the individual risks 
and benefits of INH. Clinicians may consider deferring 
INH until the postpartum period
• Inclusion of pregnancy status in data collection tools

TPT delivery in the era of 
differentiated care for 
PLHIV

• Many HIV programs are increasing the interval 
between clinic visits and ARV pickups for stable 
ART patients

• Alignment of prescribing practices for TPT with those 
for ARVs
• Programs could train patients, CHWs, and ART club 
members to distribute TPT and monitor for TB symptoms 
and/or side effects

Planning, procurement and 
supply chain management

• Adequate advanced planning for procurement 
and supply chain management will be essential to 
avoid TPT stock outs

• TB and HIV program coordination to forecast 
anticipated needs
• Setting aside full courses for patients at initiation
• Mechanisms for sites to request TPT “pulls”

No enabling environment 
for TPT scale up success

• Enabling policies, guidance, advocacy and 
education are needed for successful TPT scale up
• Current M&E tools not often adequate to 
measure TPT scale up successes and challenges

• Collaborative assurance of appropriate policies and 
guidance
• Advocacy and education efforts
• Adaptation of current data collection tools to capture 
TPT regimen, duration, completion, outcomes, and 
adverse events
• Regional assessment of best models of TPT service 
delivery
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TST: tuberculin skin testing; IPT: isoniazid preventive therapy; TB: tuberculosis; PLHIV: people living with HIV; CXR: chest X-ray; INH: 
isoniazid; TPT: TB preventive therapy; CTX: cotrimoxazole; LFT: liver function test; WHO: World Health Organization; ARV: antiretroviral; 
CHWs: community health workers; ART: antiretroviral therapy; M&E: monitoring and evaluation
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