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General introduction
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Chapter 1

What is Tuberculosis? Tuberculosis (TB) is the most common bacterial infection in
humans, caused by Mycobacterium species, and affects the lungs and other body
organs.1 It is transmitted from person-to-person via droplets from the throat and
lungs of people with active respiratory TB disease.1,2 The classic clinical features
of pulmonary tuberculosis include chronic cough, sometimes with sputum or blood
(haemoptysis), chest pains, weakness, appetite loss, weight loss, fever, and night
sweats. In healthy people, initial infection with Mycobacterium tuberculosis often
is asymptomatic, since the person's immune system acts to “wall off” the bacteria,
resulting in a latent TB infection.3,4 Active TB can be diagnosed by direct microscopy (sputum smear analysis), culture of mycobacterium, chest x-ray, pathologic
examination and/or clinical features and can effectively be treated by a six-months
course of antibiotics.1,5
Epidemiology of Tuberculosis: TB has killed an estimated 1 billion people in the last
200 years and 100 million people since 1900.6 Studies from the pre-antimicrobial
era found that about 70% of people with sputum smear positive pulmonary TB died
within 10 years.7 The discovery of effective antibiotics against TB five decades ago
led to an enormous reduction in incidence and prevalence of TB and has significantly reduced its public health importance in developed countries.8–10 However, people
in developing world and the poorest in the developed countries continue to be affected by TB disease.1 (fig. 1) The World Health Organization (WHO)declared that TB
as a global emergency11 and introduced directly observed treatment (DOT) in 1990,
which has prevented an estimated 37million of TB death since then.12 This success,
however, has not widely been observed in sub-Saharan Africa (SSA), a region with
high human immunodeficiency virus (HIV) prevalence.13 (fig. 2)

Figure 1. Estimated absolute number of TB cases and deaths (in millions per year), 1990-2014
[source: WHO global TB report 2015]
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Figure 2. Estimated TB mortality rates excluding TB deaths among HIV-positive people, 2014 [Source:
WHO global tuberculosis report 2015]

TB and HIV syndemic: HIV, and in particular its co-occurrence with TB, has complicated the overall dynamics of TB disease prevention and control:14 HIV increases
the risk of TB disease progression after primary infection,15 re-infection,15,16 (latent
TB) reactivation, transmission to uninfected person,17 and TB related deaths.18,19
The WHO has estimated that a third of all TB related deaths were attributable to
HIV co-infection in 2013.12 The annual risk of developing TB disease in people
with HIV who are co-infected by Mycobacterium tuberculosis ranges from 5 to
15% as compared to a 5 to 10% life time risk for HIV negative individuals.20 After
HIV sero-conversion, the risk of TB disease doubles or triples within the first two
years of infection,21,22 and continues to rise as CD4 cell counts decrease.23–25 People
with HIV and positive tuberculin skin test (TST) have a higher risk of TB disease
than HIV patients with a negative TST result. Alternatively, some HIV infected
people have a negative TST, or so-called anergy. This anergy can result from severe
immune deficiency or can reflect the absence of underlying latent TB. The risk of
TB disease in people with HIV and anergy varies depending on geographic locale.
In countries where TB is endemic, cases of TB in anergic patients most likely result
from direct, exogenous, infection as opposed to latent TB reactivation.26
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TB prevention in people with HIV: Prevention of TB disease in patients with HIV has
become a global health priority and the WHO has introduced the TB/HIV collaborative strategy in 200427 and the revised three I’s strategy in 2012.28,29 The strategy
comprises isoniazid preventive therapy (IPT) as a main component of the TB prevention package, alongside intensified TB case finding and TB infection prevention.
Isoniazid is a synthetic antibiotic that has been used in clinical practice to treat TB
since 1952. Its mechanism of action is inhibition of mycolic acid biosynthesis of
the Mycobacterium tuberculosis. When given as part of an IPT course, an adult is
usually prescribed 300mg isoniazid orally per day for six months.26,30 However, contrary to ART, that has been widely implemented, ART/IPT combination treatment
has not been widely adopted despite convincing evidence regarding its benefits.31
Studies have shown that IPT prevents TB in both HIV infected32–34 and non-infected35 peoples.
Risk of drug resistant TB: Mycobacterium tuberculosis has the ability to undergo spontaneous, slow but constant mutations resulting in organisms resistant to
treatment. Subsequent selection of these resistant mutants in the bacterial population
can occur due to killing of susceptible bacilli by anti-TB drugs.36 This emerging resistance will, in time, threaten TB prevention and control packages.37 (Fig. 3.) This
natural phenomenon is genetically determined and the likelihood of developing resistance varies from drug to drug. The problem is greatly exacerbated by suboptimal
treatment, such as direct or indirect mono-therapy, resulting from intake of a single
anti-TB drug or intake of several drugs with suboptimal concentrations.38
Empirical studies have reported conflicting results on the risk of developing multi-drug resistant (MDR) TB after HIV infection. For instance, a systematic review
of 32 studies did not yield significant associations between MDR TB and HIV.39
However, a more recent systematic review and meta-analysis revealed that HIV
co-infection was associated with an increased risk of MDR TB.40 Moreover, mortality of patients infected with extensive/multi-drug resistant (X/MDR TB) was
higher in high HIV–prevalence settings.41 This may be the result of reduced immunity of HIV patients and associated malabsorption,42 delayed diagnosis, inadequate
initial treatment,43 and prolonged infectiousness yielding increased attack rates and
case-fatality rates among HIV-infected persons.
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Figure 3. Percentage of new TB cases with MDR TB [Source: WHO global tuberculosis report 2015]

Since isoniazid is the main component of first line anti-TB treatment, the largescale promotion of IPT (isoniazid mono-therapy) has also sparked concern for the
development of MDR TB. After IPT implementation, a meta-analysis demonstrated that the risk of isoniazid resistance was not increased in HIV infected
people.44 The community-wide implementation of IPT, according to a modeling study,
might increase the risk of isoniazid resistance in circulating mycobacterial strains.45
Yet additional evidence from empirical data is needed.
IPT effect on HIV disease progression: In addition to preventing TB, some have hypothesized that IPT may also influence HIV disease progression independently.
Although in some clinical trials IPT did not reduce risk of HIV diseases progression,46–48 a Haitian study did find that IPT reduced the risk of advanced HIV disease
events in TST positive people in comparison to placebo.46 In addition, in the recent TEMPRANO trial a combined intervention of IPT and early initiation of ART
reduced the risk of advanced AIDS defining illnesses in comparison to no IPT and
deferred ART.49
HIV patients’ adherence to IPT: Despite substantial evidence about the effect of IPT
or IPT-ART combination therapy in HIV patients, the global utilization rate is far
lower than would be expected. The WHO reported that only 32% of eligible HIV
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patients used IPT in 2013.50 In addition, completion of IPT treatment courses offered to patients is poor. In 2008, only an estimated 60% of HIV patients who started
IPT had finished a six months course of therapy.51 This underutilization of IPT may
in part be explained by practitioners’ skepticism regarding the development drug
resistance52 after inadvertent mono-therapy given to patients with active TB.53,54
In summary, TB remains a major cause of death worldwide and disproportionately
affects the poorest persons in both high-income and developing countries. The rise
and spread of drug resistance and synergistic interaction with the HIV epidemic
hamper the global efforts of tuberculosis control. However, the uptake of IPT is very
limited, and only a small portion of patients receive IPT.7 In the era of widespread
ART implementation, the benefit of IPT in prevention of TB is lacking. Evidence
about the potential emergence of MDR TB after IPT use is inconclusive and evidence from empirical data is needed. In addition, the benefit of IPT on HIV disease
progression is not well studied.
Thesis objective: This thesis aims to assess the effect of IPT on the risks of TB,
all-cause mortality, and HIV disease progression, in real-life settings with increasing ART adoption. In addition, this thesis aimed at systematically synthesizing
evidence from clinical trials, assessing the potential predictors of HIV patients’ adherence to IPT, describing factors related to MDR TB, and assessing the effects of
IPT on HIV disease progression.
Description of chapters in the thesis: In chapter 2, the evidence synthesized from
randomized clinical trials about the benefit of IPT in TB prevention in patients
infected with HIV is quantified in a systematic review and meta-analysis.
In chapter 3, the effect of IPT on TB and all-cause mortality in a population treated
at a university hospital in southern Ethiopia is assessed in a retrospective cohort
study. In chapter 4, the benefits of IPT in reducing the risk of active TB and or allcause mortality are quantified using observational data obtained from the second
largest hospital in Ethiopia. Chapter 5 is a descriptive analysis of HIV disease
progression, related to IPT, in a cohort of patients in Ethiopia. In chapter 6, a caseseries of patients receiving treatment for multidrug resistant TB is described,
including patients’ profiles and exposure to IPT and other TB treatment regimens.
In chapter 7, the predictors of HIV patients’ adherence to a course of IPT have been
determined in a prospective cohort study. Finally, chapter 8 is the general discussion, with a proposal for the way forward in IPT implementation, and identification
of evidence gaps that need to be filled for successful control of tuberculosis.

16

General introduction

References
1. Zumla A, Raviglione M, Hafner R, Fordham von Reyn C. Tuberculosis. N Engl J Med.
2013;368:745–755. doi:10.1056/NEJMra1200894.
2. Lawn SD, Zumla AI. Tuberculosis. Lancet. 2011;378:57–72. doi:10.1016/s0140-6736(10)
62173-3.
3. Horsburgh CR.Tuberculosis. Eur Respir Rev. 2014;23(131):36–9. doi:10.1183/09059180.00008213.
4. Maartens G, Wilkinson RJ. Tuberculosis. Lancet. 2007;370:2030–2043. doi:10.1016/S01406736(07)61262-8.
5. WHO, The World Health Organization. Treatment of tuberculosis: guidelines.; 2010. doi:10.1164/
rccm.201012-1949OC.
6. Daniel TM. The history of tuberculosis. Respir Med. 2006;100:1862–1870. doi:10.1016/j.
rmed.2006.08.006.
7. World Health Organization. Global tuberculosis report 2015. Geneva, Switzerland; 2015.
doi:10.1007/s13398-014-0173-7.2.
8. Koul A, Arnoult E, Lounis N, Guillemont J, Andries K. The challenge of new drug discovery for
tuberculosis. Nature. 2011;469(7331):483–490. doi:10.1038/nature09657.
9. Showalter HDH, Denny W a. A roadmap for drug discovery and its translation to small molecule
agents in clinical development for tuberculosis treatment. Tuberculosis (Edinb). 2008;88 Suppl
1:S3–17. doi:10.1016/S1472-9792(08)70032-5.
10. Zumla A, Nahid P, Cole ST. Advances in the development of new tuberculosis drugs and treatment regimens. Nat Rev Drug Discov. 2013;12(5):388–404. doi:10.1038/nrd4001.
11. World Health Organization. Treatment of Tuberculosis: guidelines for national programmes.
1997:81.
12. World Health Organisation. Global Tuberculosis Report 2014. Geneva; 2014.
13. Lawn SD, Churchyard G. Epidemiology of HIV-associated tuberculosis. Curr Opin HIV AIDS.
2009;4(4):325–333. doi:10.1097/COH.0b013e32832c7d61.
14. Kwan CK, Ernst JD. HIV and tuberculosis: a deadly human syndemic. Clin Microbiol Rev.
2011;24(2):351–76. doi:10.1128/CMR.00042-10.
15. Frieden TR, Sterling TR, Munsiff SS, Watt CJ, Dye C. Tuberculosis. In: Lancet.Vol 362.;
2003:887–899. doi:10.1016/S0140-6736(03)14333-4.
16. Rangaka MX, Wilkinson RJ, Boulle A, et al. Isoniazid plus antiretroviral therapy to prevent tuberculosis: a randomised double-blind, placebo-controlled trial. Lancet. 2014;6736(14):1–9.
doi:10.1016/S0140-6736(14)60162-8.
17. Corbett EL, Watt CJ, Walker N, et al. The growing burden of tuberculosis: global trends and
interactions with the HIV epidemic. Arch Intern Med. 2003;163(9):1009–21. doi:10.1001/archinte.163.9.1009.

17

Chapter 1
18. DeRiemer K, Kawamura LM, Hopewell PC, Daley CL. Quantitative impact of human immunodeficiency virus infection on tuberculosis dynamics. Am J Respir Crit Care Med. 2007;176(9):936–
44. doi:10.1164/rccm.200603-440OC.
19. Lawn SD, Bekker L-G, Middelkoop K, Myer L, Wood R. Impact of HIV Infection on the Epidemiology of Tuberculosis in a Pen-Urban Community in South Africa: The Need for Age-Specific
Interventions. Clin Infect Dis. 2006;42:1040–1047.
20. Corbett EL, Watt CJ, Walker N, et al. The Growing Burden of Tuberculosis. 2014:1009–1021.
21. Wilkinson D, Davies GR. The increasing burden of tuberculosis in rural South Africa--impact of
the HIV epidemic. S Afr Med J. 1997;87(4):447–450.
22. Churchyard GJ, Kleinschmidt I, Corbett EL, Mulder D, De Cock KM. Mycobacterial disease in
South African gold miners in the era of HIV infection. Int J Tuberc Lung Dis. 1999;3(9):791–798.
23. Kenyon TA, Mwasekaga MJ, Huebner R, Rumisha D, Binkin N, Maganu E. Low levels of
drug resistance amidst rapidly increasing tuberculosis and human immunodeficiency virus coepidemics in Botswana. Int J Tuberc Lung Dis. 1999;3(1):4–11.
24. Del Amo J, Petruckevitch A, Phillips AN, et al. Spectrum of disease in Africans with AIDS in
London. AIDS. 1996;10(13):1563–1569.
25. Natural history AND spectrum of disease in adults with HIV/AIDS in Africa.
26. 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 :S52–S62.
doi:10.1086/518662.
27. WHO/HTM/TB/2004.330. INTERIM POLICY ON COLLABORATIVE TB/HIV ACTIVITIES.;
2004.
28. Gupta SS, Granich R, Suthar AB, et al. Three I’s for HIV/TB and early ART to prevent HIV
and TB: Policy review of HIV and TB guidelines for high HIV/TBburden African countries.
J Int AIDS Soc. 2012;15:213.
29. WHO. WHO Three I ’ s Meeting Report of a Joint World Health Organization; Intensified Case
Finding (ICF), Isoniazid Preventive Therapy (IPT) and TB Infection Control (IC) for people living with HIV. Geneva, Switzerland; 2008. Available at:
http://www.who.int/hiv/pub/meetingreports/WHO_3Is_meeting_report.pdf.
30. Churchyard GJ, Chaisson RE, Maartens G, Getahun H. Tuberculosis preventive therapy: An underutilised strategy to reduce individual risk of TB and contribute to TB control. South African
Med J. 2014;104:339–343. doi:10.7196/SAMJ.8290.
31. WHO. Global tuberculosis report 2014 (WHO/HTM/TB/2014.08). Geneva, Switzerland; 2014.
doi:WHO/HTM/TB/2014.08.
32. Wilkinson D, Squire SB, Garner P. Effect of preventive treatment for tuberculosis in adults infected
with HIV: systematic review of randomised placebo controlled trials. Bmj. 1998;317(7159):625–
629. doi:10.1136/bmj.317.7159.625.

18

General introduction

33. Bucher HC, Griffith LE, Guyatt GH, et al. Isoniazid prophylaxis for tuberculosis in HIV infection: a
meta-analysis of randomized controlled trials. AIDS. 1999;13(4):501–507. doi:10.1097/00002030199903110-00009.
34. Akolo C, Adetifa I, Shepperd S, Volmink J. Treatment of latent tuberculosis infection in HIV
infected persons. Cochrane Database Syst Rev. 2010;(1):CD000171. doi:10.1002/14651858.
CD000171.pub3.
35. Smieja MJ, Marchetti CA, Cook DJ, Smaill FM. Isoniazid for preventing tuberculosis in nonHIV infected persons. Cochrane Database Syst Rev. 2000;(2):CD001363. doi:10.1002/14651858.
CD001363.
36. WHO. Guidelines for the programmatic management of drug-resistant tuberculosis: 2011 Update.
World Heal Organ. 2011:WHO/HTM/TB/2008.402.
37. Ethiopian federal ministry of health. Training material on Programmatic management of Drug
resistant Tuberculosis for GHWs In Ethiopia Participants ’ Manual. Addis Ababa, Ethiopia; 2012.
Available at: http://www.etharc.org/index.php/resources/download/finish/79/728.
38. Falzon D, Jaramillo E, Schünemann HJ, et al. WHO guidelines for the programmatic management
of drug-resistant tuberculosis: 2011 update. Eur Respir J. 2011;38(3):516–528.
39. Suchindran S, Brouwer ES, Van Rie A. Is HIV infection a risk factor for multi-drug resistant tuberculosis? A systematic review. PLoS One. 2009;4(5).
40. Mesfin YM, Hailemariam D, Biadglign S, Kibret KT. Association between HIV/AIDS and multidrug resistance tuberculosis: A systematic review and meta-analysis. PLoS One. 2014;9(1).
41. Gandhi NR, Shah NS, Andrews JR, et al. HIV coinfection in multidrug- and extensively drug-resistant tuberculosis results in high early mortality. Am J Respir Crit Care Med. 2010;181(1):80–
86. doi:10.1164/rccm.200907-0989OC.
42. Telzak EE, Chirgwin KD, Nelson ET, et al. Predictors for multidrug-resistant tuberculosis
among HIV-infected patients and response to specific drug regimens SUMMARY. 1999;3(June
1998):337–343.
43. Gandhi NR, Andrews JR, Brust JCM, et al. Risk factors for mortality among MDR- and XDR-TB
patients in a high HIV prevalence setting. Int J Tuberc Lung Dis. 2012;16(1):90–7. doi:10.5588/
ijtld.11.0153.
44. Balcells ME, Thomas SL, Godfrey-Faussett P, Grant AD. Isoniazid preventive therapy and risk
for resistant tuberculosis. Emerg Infect Dis. 2006;12(5):744–751. doi:10.3201/eid1205.050681.
45. Mills HL, Cohen T, Colijn C. Community-wide isoniazid preventive therapy drives drugresistant tuberculosis: a model-based analysis. Sci Transl Med. 2013;5(180):180ra49. Available at:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3714172&tool=pmcentrez
&rendertype=abstract.
46. Pape JW, Jean SS, Ho JL, Hafner A, Johnson WD. Effect if isoniazid prophylaxis on incidence of
active tuberculosis and progression of HIV infection. Lancet. 1993;342(8866):268–272.

19

Chapter 1
47. Gordin F. Rifampin and Pyrazinamide vs Isoniazid for Prevention of Tuberculosis in HIV-Infected
Persons: An International Randomized Trial. JAMA J Am Med Assoc. 2000;283(11):1445–1450.
doi:10.1001/jama.283.11.1445.
48. Fizegerald DW, Severe P, Joseph P, et al. No effect of Isoniazid Prophylaxis for Purified Protein
Derivative-negative HIV-Infected Adults Living in a country with Endemic Tuberculosis: Results
of a randomized trail. J Acquir Immune Defic Syndr. 2001;28(3):305–307.
49. TEMPRANO. A Trial of Early Antiretrovirals and Isoniazid Preventive Therapy in Africa.
N Engl J Med. 2015:150720091611001. doi:10.1056/NEJMoa1507198.
50. WHO, World Health Organization, Organization WH. Global tuberculosis report 2013.; 2013.
doi:WHO/HTM/TB/2013.11.
51. WHO. Global Tuberculosis Control ( MPCBM 5VCFSDVMPTJT POUSPM. Control. 2010;
WHO/HTM/TB:218. doi:WHO/HTM/TB 2010.7.
52. Ministry F. Implementation Guideline for TB / HIV Collaborative Activities in Ethiopia. 2007;
(December).
53. Reid MJA, Shah NS. Approaches to tuberculosis screening and diagnosis in people with
HIV in resource-limited settings. Lancet Infect Dis. 2009;9(3):173–184. doi:10.1016/S14733099(09)70043-X.
54. Venkatesh KK, Swaminathan S, Andrews JR, Mayer KH. Tuberculosis and HIV co-infection:
Screening and treatment strategies. Drugs. 2011;71(9):1133–1152. doi:10.2165/11591360000000000-00000.

20

General introduction

21

22

Chapter 2

Isoniazid prophylactic therapy for the prevention
of Tuberculosis in HIV infected adults:
A systematic review and meta-analysis of
randomized clinical trials

Henok Tadesse Ayele,*1, 2 Maaike S.M. van Mourik,4 Thomas P.A. Debray,3
& Marc J. M. Bonten2, 4

2

1 Department of Public Health, College of Health Sciences & Referral Hospital, Dilla
University, Gedeo Zone, Ethiopia

2 Department of Infectious diseases’ Epidemiology, Julius Center for Health Scien-

ces & Primary Care, Utrecht, University Medical Center Utrecht, The Netherlands
3 Department of Epidemiology, Julius Center for Health Sciences & Primary Care,
UMC University Medical Center Utrecht, Utrecht, The Netherlands

4 Department of Medical Microbiology and Infection Control, UMC Utrecht, The
Netherlands
* Corresponding author, PLoS One, 2015; 10(11)

23

Chapter 2

Summary
Background: Infection with Human Immunodeficiency virus (HIV) is an important
risk factor for Tuberculosis (TB). Anti-Retroviral Therapy (ART) has improved the
prognosis of HIV and reduced the risk of TB infected patients. Isoniazid Preventive
Therapy (IPT) aims to reduce the development of active TB in patients with latent TB.
Objective: Systematically review and synthesize effect estimates of IPT for TB prevention in adult HIV patients. Secondary objectives were to assess the effect of IPT
on HIV disease progression, all-cause mortality and adverse drug reaction (ADR).
Search strategy: Electronic databases were searched to identify relevant articles in
English available by September 11th 2015.
Selection Criteria: Research articles comparing IPT to placebo or no treatment in
HIV infected adults using randomized clinical trials.
Data analysis: A qualitative review included study-level information on randomization and treatment allocation. Effect estimates were pooled using random-effects
models to account for between-study heterogeneity.
Main results: This review assessed ten randomized clinical trials that assigned 7619
HIV patients to IPT or placebo. An overall 35% of TB risk reduction (RR=0.65,
95% CI (0.51, 0.84)) was found in all participants, however, larger benefit of IPT
was observed in Tuberculin Skin Test (TST) positive participants, with pooled relative risk reduction of 52% [RR=0.48; 95% CI (0.29, 0.82)] and with a prediction interval ranging from 0.13 to 1.81. There was no statistically significant effect of IPT
on TB occurrence in TST negative or unknown participants. IPT also reduced the
risk of HIV disease progression in all participants (RR=0.69; 95% CI (0.48, 0.99))
despite no benefits observed in TST strata. All-cause mortality was not affected by
IPT although participants who had 12 months of IPT tend to have a reduced risk
(RR=0.65; 95% CI(0.47, 0.90)). IPT had an elevated, yet statistically non-significant, risk of adverse drug reaction [RR=1.20; 95% CI (1.20, 1.71)]. Only a single
study assessed the effect of IPT in combination with ART in preventing TB and
occurrence of multi-drug resistant tuberculosis.
Conclusions: IPT use substantially contributes in preventing TB in persons with HIV
in general and in TST positive individuals in particular. More evidence is needed to
explain discrepancies in the protective effect of IPT in these individuals.
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Background
Mycobacterium tuberculosis (TB) is the most common cause of bacterial infection
in humans1–3 and is globally a leading cause of morbidity and mortality, especially
in developing countries.4 Human Immunodeficiency Virus (HIV) infection is the
strongest risk factor for TB and over 4 million people are co-infected with both
organisms, the majority of whom reside in Africa.5 Such co-infection worsens the
prognosis of HIV infection by increasing HIV replication6–8 and may result in rapid
progression of HIV and subsequent immunosuppression,9–12 and a higher risk of
acquiring other, potentially lethal, opportunistic infections.13,14
Randomized controlled trials have demonstrated that a course of Isoniazid Preventive Therapy (IPT) reduces the incidence of TB disease in HIV-negative populations at risk of developing active disease.15 In HIV infected patients, IPT reduced
reactivation of latent TB infection, both in industrialized countries16–18 as well as
in developing countries.19–21 Also, observational studies in HIV-positive injecting
drug users (IDU) suggested a potential benefit of IPT.16,17,22–24. The benefit appears to
be higher in Tuberculin Skin Test (TST) positive patients than in TST negatives.25
In addition, recent observational studies reported that the benefit of IPT increased if
it is delivered in combination to ART.26–28
A previous meta-analysis found that IPT was efficacious in TST positive participants in reducing risk of TB.29–31 Based on these data, the World Health Organization
(WHO) in 2004 recommended IPT for HIV-infected persons32–34 and most high TB/
HIV burden countries have adopted antiretroviral therapy (ART) and the WHO recommended TB/HIV collaborative activities including IPT since 2005. However,
previous meta-analyses did not include studies with participants on ART nor assessed the effect of IPT in different dose and duration strata.35 In addition, the recently
updated WHO guidelines36 does not precisely outline the optimal dosing and duration of IPT treatment in patients receiving ART.30
This study aims to synthesize evidence from randomized controlled trials regarding
the protective effect of IPT on all-type or confirmed TB in HIV infected patients,
and assess the combined benefit of ART an IPT on prevention of active TB. Secondary objectives were to assess the effect of IPT on HIV disease progression, allcause mortality and adverse drug reaction (ADR) as well as to determine the effect
of IPT in strata of TST positive and negative patients, and by dosing and duration
of the IPT regimen.
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Methods
Eligibility and selection: This systematic review included clinical trials assessing the
effect of IPT on prevention of active TB or reactivation of latent TB disease in
adults living with HIV with or without ART. Studies were eligible when the intervention (IPT) was applied to adult HIV patients (excluding pregnant women), had
at least one year follow-up after finishing IPT and used a randomized study design.
Furthermore, reported data included the occurrence of active TB disease.
Search methods for the identification of studies: A comprehensive search of PubMed, Excerpta Medica dataBASE (EMBASE), the Cochrane Central Register of
Controlled Trials (CENTRAL) and Cumulative Index of Nursing and Allied Health
(CINAHL) was performed to identify all relevant studies in the English language available from the start of MEDLINE to September 11th 2015. Both text words
in title, abstract and medical subject heading (MeSH) terms were used in varying
combinations. The literature search strategy was adapted to suit each database
(Table 1). Moreover, the website of Health Internet Internetwork and Research Initiative
(HINARI) and Google Scholar databases were checked for potential eligible studies.
Table 1. Search strategy
Domain, intervention, outcome and design
HIV/AIDS (1)

Isoniazid (2)

Tuberculosis
(3)

Randomization
(4)

Search
terms

Human
immunodeficiency OR
virus, OR HIV, OR
Acquired
immunodeficiency syndrome, OR AIDS

Isoniazid, INH,
OR Prevention,
OR Preventive, OR
Prophylaxis, OR
Prophylactic

Tuberculosis
OR TB

Randomized OR
Randomization

Search
fields

MeSH AND

MeSH AND

MeSH AND

MeSH AND

Title/Abstract

Title/Abstract

Title/Abstract

Title/Abstract

Final
search

(((#1) AND #2) AND #3) AND #4

Date of search closure at
September 11th 2015

HIV: Human Immunodeficiency Virus; AIDS: Acquired Immunodeficiency Syndrome;
INH: Isoniazid; TB: Tuberculosis; MeSH: Medical Subject Headings

Data collection: A pre-defined data extraction tool was used to extract information on
IPT and outcome related variables. Details on the intervention included the regimen
of the preventive therapy, dosing, duration, randomization processes, follow up pe-
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riods, and combined use of IPT and ART. In addition, study area, publication year,
and methods of outcome ascertainment were extracted. (S1 Table.) We assessed
comparability of the target population, intervention and outcome across the selected
studies.
Outcome: The primary outcome of interest was the onset of active TB disease.
The ascertainment was mostly based on detection of acid fast bacilli (AFB), pathology, clinical features and X-ray (all-types of TB) or confirmed by culture positivity
of sputum or biopsy (confirmed TB). In addition, HIV disease progression, all-cause
mortality and ADR which caused withdrawal of patients from the follow-up were
considered as secondary end points.
Determinant: The primary determinant was IPT stratified by TST status. TST reactivity demonstrates a functional anti-mycobacterial response; a TST negative status
can therefore indicate a lack of TB exposure, but also result from severe immune
deficiency (anergy) with or without underlying latent TB. A TST positive status,
therefore, demonstrates TB exposure as well as a preserved immune response. The
latter could affect the efficacy of IPT. Analyses were further stratified by dosage and
duration of the IPT regimen.
Statistical Methods: The reviewed articles’ unit of analysis was the individual patient.
All the randomization and intervention allocation was patient-based. Due to the underlying clinical heterogeneity of selected studies, a random-effects model was used
to estimate the pooled effect of IPT, using the method of Hartung and Knapp.37,38
The between-study heterogeneity in treatment effect was assessed by the I squared
(I2) statistic and 95% prediction intervals (95% PI). The I2 statistic indicates the extent of variability that cannot be explained by sampling error and ranges between 0
and 100%. Conversely, the prediction interval gives an indication of true treatment
effect of IPT that can be expected when the intervention is applied to new studies;
it thereby provides a sense of the heterogeneity in expected benefits.39 Furthermore,
subgroup analyses were performed and stratified by baseline TST status (positive,
negative, and unknown) and dosing and duration of the regimen. MetaAnalyst40 and
R version 3.2.141 were used for the data analysis.

Results
Study selection: Based on the preset inclusion and exclusion criteria and cross referencing, ten articles were eligible for inclusion in this review from 246 initial
hits from four databases. (S2 Text. and S3 Text.) After de-duplication, 117 studies
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underwent application of in- and exclusion criteria, leaving ten articles for this
meta-analysis. (Fig. 1)
Description of included studies: Of the included studies, eight were conducted in six
high TB/HIV burden countries (Uganda, Cote d’Ivoire, Kenya, South Africa (2),
Zambia, and Haiti (2))42 and two were in countries with low TB endemicity (Spain and
United States of America (USA)). Table 2 provides details on study characteristics.
All studies randomized participants to IPT or placebo or no IPT intervention; however, the dosage and duration of IPT varied. The total duration of the IPT treatment
course ranged from 6 to 12 months with subsequent follow up of 12-44 months.
Most of the included studies (n=7) assessed 300mg of IPT daily for a duration of
six months (n=4) or twelve months (n=3). A Zambian study assessed 900 mg of IPT
twice weekly for 12 months and another South African study assessed 15mg/kg of
IPT twice weekly. Six studies assessed the effect of Isoniazid alone in comparison
to placebo or no intervention whereas two studies assessed the effect of Isoniazid
alone compared to combinations of Rifampicin and Pyrazinamide with placebo or
no intervention. The recent TEMPRANO study compared IPT treatment effect to no
IPT in the setting of deferred ART or early ART.
With the exception of two studies, the included studies assessed the TST status at
baseline. Four studies included both TST positive and negative individuals while
three studies solely considered TST negatives. The Ugandan study separately investigated the effect of IPT in TST positive and anergic patients. In most African
countries ART was widely introduced in 2004 and five studies conducted before
this period lack information regarding ART use. Five studies used a block randomization, two studies used computer generated randomization and the remaining two
studies used unclear randomization methods.

Methodological quality assessment
The qualitative assessment on data completion, randomization, treatment
concealment and outcome blinding did not reveal major methodological flaws
across studies. In some studies, exclusion of possible pre-existing TB disease by
ascertainment of clinical symptoms and signs at baseline may have missed few cases
of pre-existing TB. Ascertainment of the outcome of TB was active and mostly
based on AFB test confirmed by culture positivity of sputum or biopsy. Most of the
included studies used family-reported all-cause mortality. There was no indication
of selective reporting43 (Table 3).
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Assessment of heterogeneity
Among the included studies, there was substantial clinical and methodological variability, complicating interpretation of study findings. The clinical heterogeneity
emanates in part from baseline variations of subjects such as TST status variation.
In addition, the IPT intervention differed in terms of dose, duration, provision of
IPT with other preventive therapies, adherence levels achieved and subsequent follow-up. Other methodological variation across studies was mostly related to differences in randomization techniques, outcome ascertainment and analysis methods.
Finally, eight studies were conducted in low income and high TB burden countries; however, the other two studies were conducted in a high income country with
lower levels of endemicity. Given these differences, it is recommended to allow for
the between-study heterogeneity in treatment effect and to adopt random effects
models.37,38,44 Despite the presence of clinical heterogeneity between the included
studies, an acceptable degree of statistical heterogeneity was found for the analysis including all relevant studies. A somewhat larger statistical heterogeneity was
observed in the subset of studies where IPT effect on all-cause mortality was assessed in TST positive participants (I2=54.7%) and IPT effect on HIV disease progression (I2=59.4%). Prediction intervals were determined to indicate an anticipated
variation in effect estimates.
Table 4. The pooled estimates of isoniazid preventive therapy effect on all-types of
Tuberculosis
Exposure category

Number of
studies

Sample
size

Pooled RR*
(95% CI)

95% PI

Overall estimate

10

7619

0.65 (0.51, 0.84)

(0.37, 1.17)

TST

Positive

5

1703

0.48 (0.29, 0.82)

(0.13, 1.81)

Negative

9

3140

0.79 (0.58, 1.08)

(0.54, 1.16)

Unknown

4

2776

0.68 (0.42, 1.10)

(0.11, 4.23)

ART

Treated

2

2226

0.67(0.47, 0.96)

Not estimable**

Not treated

8

4234

0.73 (0.53, 1.02)

(0.33, 1.60)

IPT dose

300mg

8

6819

0.62 (0.47, 0.82)

(0.34, 1.12)

900mg

2

800

0.89 (0.36, 2.18)

Not estimable**

IPT

6 months

6

5837

0.61 (0.45, 0.82)

(0.30, 1.22)

duration

12 months

4

1782

0.79 (0.45, 1.37)

(0.11, 5.73)

* Random effect model; **Prediction interval can only be estimated for more than two studies;
ART: Antiretro viral therapy; CI: Confidence interval; IPT: Isoniazid preventive therapy; PI: Prediction interval; RR: Relative Risk; TST: Tuberculin Skin Test
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Table 5. The pooled estimates of isoniazid preventive therapy effect on confirmed
Tuberculosis
Exposure category

Number
of studies

Sample
size

Pooled RR*
(95% CI)

95% PI

Overall estimates

5

3392

0.69 (0.48, 0.99)

(0.38, 1.24)

TST

Positive

1

112

0.13 (0.01, 2.32)

Not estimable**

Negative

3

1021

0.77 (0.36, 1.64)

(0.01, 106.22)

Unknown

2

930

0.82 (0.47, 1.43)

Not estimable**

* Random effect model; **Prediction interval can only be estimated for more than two studies; CI:
Confidence interval; IPT: Isoniazid preventive therapy; PI: Prediction interval; RR: Relative Risk;
TST: Tuberculin Skin Test

Effects of IPT
Overall population: IPT showed significantly reduced relative risk (RR) of TB (RR=
0.65 with 95% CI: 0.51, 0.84), substantial heterogeneity was however present in
this effect (95% PI: 0.37, 1.17) (table 4) Similar results were found for the effect of
IPT toward confirmed TB (RR=0.69, 95% CI: 0.48, 0.99) with a prediction interval
(95%) of 0.38 to 1.24) (table 5). IPT tended to reduce the risk of all-cause mortality
yet statistically non-significant RR=0.90(95% CI (0.79, 1.02) and 95% PI (0.71,
1.13)) (table 6). The effect of IPT was almost null on risk of HIV disease progression RR=0.99; 95% CI (0.73, 1.34) and wide 95% PI (0.31, 3.18). (Table 7)
TST positive: In TST positive participants, five studies including a total of 1703 participants demonstrated an effect of IPT on all types of TB (probable to confirmed)
with a pooled RR of 0.48; (95%CI 0.29 - 0.82) and 95% PI ranging from 0.13
to 1.81. Only one study reported the results for confirmed TB [RR=0.13; 95% CI
(0.01, 2.32)]. Four studies, including 1311 participants, reported the effect of IPT
on all-cause mortality with pooled RR of 0.67; 95% CI (0.34, 1.35) with a wide
prediction interval of (0.04, 10.10). Data about the effect of IPT on HIV disease
progression was could be derived from one study only (RR=0.36; 95% CI (0.15,
0.85)). (Tables 4-7)
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Table 6. The pooled estimates of isoniazid preventive therapy effect on allcause mortality
Exposure category

Number
of studies

Sample
size

Pooled RR*
(95% CI)

95% PI

Overall estimates

10

7657

0.90 (0.79, 1.02)

(0.71, 1.13)

TST

Positive

4

1311

0.67 (0.34, 1.35)

(0.04, 10.10)

Negative

7

2428

1.02 (0.90, 1.15)

(0.86, 1.20)

Unknown

3

2400

0.74 (0.52, 1.05)

(0.08, 7.19)

Treated

2

2226

0.77 (0.46, 1.28)

Not estimable**

Not treated

8

4272

0.92 (0.81, 1.05)

(0.72, 1.18)

300mg

8

6819

0.91 (0.80, 1.03)

(0.73, 1.13)

900mg

2

838

0.81 (0.46, 1.40)

Not estimable**

IPT

6 months

6

5855

0.95 (0.85, 1.07)

(0.81, 1.12)

duration

12 months

4

1802

0.65 (0.47, 0.90)

(0.32, 1.32)

ART
IPT dose

* Random effect model; **Prediction interval can only be estimated for more than two
studies; ART: Antiretro viral therapy; CI: Confidence interval; IPT: Isoniazid preventive
therapy; PI: Prediction interval; RR: Relative Risk; TST: Tuberculin Skin Test

TST negative: Nine studies reported data for TST negative (n=3140) participants.
The pooled relative risk for IPT on all types of TB was 0.79 (95% CI: 0.58, 1.08)
with a prediction interval of (0.54, 1.16). For confirmed TB only, data was obtained from three studies including 1021 participants. The pooled RR was 0.77 (95%
CI: 0.36, 1.64). All-cause mortality was determined from seven studies with 2428
participants. The pooled RR of IPT on all cause-mortality was 1.02 (95% CI: 0.90,
1.15) with a prediction interval of (95% PI: 0.86, 1.1.20). Three studies with 809
participants could deliver data about HIV disease progression, RR=1.00; 95% CI
(0.88, 1.15) with a prediction interval of from 0.42 to 2.40. (Table 4-7)
TST unknown: In participants with an unknown TST status, the pooled relative risk
of IPT on all types of TB was 0.68; 95% CI (0.42, 1.10) with a very wide prediction
interval of (95% PI: 0.11, 4.23). Based on two studies with 930 participants, the
pooled RR of IPT on confirmed TB was 0.82; 95% CI (0.47, 1.43). Similarly, the
other three studies had data on all-cause mortality and the pooled RR was 0.74; 95%
CI (0.52, 1.05). One study with 2056 participants found an elevated risk of HIV
disease progression yet statistically non-significant RR=1.38; 95% CI (0.79, 2.40).
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ART treatment: IPT-ART combination treatment could be estimated from two studies
with 2226 participants. IPT reduced risk of all-types of TB in participants treated with ART RR=0.67 (95% CI 0.47, 0.96). The pooled effect from studies (n=8)
which did not include participants on ART was not statistically significant RR=0.73;
95% CI (0.53, 1.02) and 95% PI (0.33, 1.60). In the same studies, the pooled effect
of IPT on all-cause mortality for participants on ART was 0.77; 95% CI (0.46, 1.28)
and 0.92; 95% CI (0.81, 1.05) for those not on ART. (Tables 4, 6, & 8)
IPT dose and duration: The 300 mg IPT daily dose had higher benefit than 900mg
twice weekly dose in reducing all-types of TB risk, pooled RR=0.62; 95% CI(0.47,
0.82) and 0.89; 95% (0.36, 2.18) respectively. There were no differences in the
pooled effect of different IPT doses on risk of all-cause mortality. Concerning the
duration of IPT, 6 months therapy reduced all-types of TB [RR=0.61; 95% CI (0.45,
0.82)]. The same protective effect of 12 months IPT course observed toward all-types of TB risk reduction yet the pooled estimate was not statistically significant
[RR=0.79; 95% CI (0.45, 1.37)] with a wide 95% PI (0.11, 5.73). (Tables 4, 6, & 8)
Table 7. The pooled estimates of isoniazid preventive therapy effect on HIV disease
progression
Exposure category

Number
of studies

Sample
size

Pooled RR* (95% CI)

95% PI

Overall estimates

4

4929

0.99 (0.73, 1.34)

(0.31, 3.18)

TST

Positive

1

63

0.36 (0.15, 0.85)

Not estimable**

Negative

3

809

1.00 (0.88, 1.15)

(0.42, 2.40)

Unknown

1

2056

1.38 (0.79, 2.40)

Not estimable**

* Random effect model; **Prediction interval can only be estimated for more than two studies; CI:
Confidence interval; PI: Prediction interval; RR: Relative Risk; TST: Tuberculin Skin Test

For adverse drug reactions participants were not stratified by TST status. All studies
included data about the overall number of ADR (5068 participants). Nevertheless,
two studies did not have withdrawal from the follow up due to ADR. The pooled RR
of IPT compared to placebo for the development of severed ADR was 1.32; 95% CI
(0.89, 1.96) with prediction interval of (0.46, 3.75). For the included studies, there
appeared a positive association between the dosage of IPT and the risk of adverse
drug reaction. The 900mg IPT dose showed higher risks of ADR [RR=3.98; 95% CI
(1.13, 13.97)] in comparison to 300mg daily dose [RR=1.06; 95% CI (0.79, 1.41)].
(Table 8)
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Table 8. The pooled estimates of isoniazid preventive therapy effect on adverse drug
reaction
Exposure category

Number of
studies

Sample
size

Pooled RR*
95% CI

Overall estimates

9

7284

1.20 (0.85, 1.71)

(0.50, 2.88)

ART

Treated

2

2226

1.41 (0.81, 1.71)

Not estimable**

Not treated

7

3899

2.06 (0.96, 4.40)

(0.24, 17.88)

300mg

8

6582

1.06 (0.79, 1.41)

(0.54, 2.10)

900mg

1

702

3.98 (1.13, 13.97)

Not estimable**

IPT

6 months

7

5837

1.47 (0.83, 2.60)

(0.31, 6.94)

duration

12 months

2

1447

1.09 (0.84, 1.42)

Not estimable**

IPT dose

95% PI

* Random effect model; **Prediction interval can only be estimated for more than two studies; ART:

Antiretro viral therapy; CI: Confidence interval; IPT: Isoniazid preventive therapy; PI: Prediction
interval; RR: Relative Risk; TST: Tuberculin Skin Test

The details of the forest plots are annexed (S4 Figure) and additional effect estimates extracted from included studies are also annexed (S5 Table).
Adherence to the IPT (or placebo) regimen could be assessed from seven studies. The
studies reported similarity of TB incidence in adherent and non-adherent participants
although the proportion of non-adherence varied from study to study. None of these
studies described reasons for non-adherence or predictors of non-adherence. (Table 2)

Discussion
IPT has been one of the four main strategies of TB prevention in both HIV positive and
negative patients since the introduction of Isoniazid.41,42,43 The clinical trials included
in this review demonstrated that IPT was generally efficacious to prevent TB disease.
Nevertheless, the width of calculated prediction intervals indicates that IPT may not be
a beneficial strategy in all populations. Further research is needed to explore sources of
this heterogeneity. Despite an effect on development of TB disease, a limited reduction
in all-cause mortality was found; Some of the studies may have been under-powered to
detect an effect on mortality or limited follow-up time precluded assessment of a long
term effect. From the subgroup analysis, it appears that the six-month 300 mg daily IPT
regimen reduced the risk of TB with the lowest number of adverse events.
The results of this meta-analysis confirm that a positive TST is a very strong indicator for the potential benefit of IPT also in countries with high burden of TB.41,44
Patients with a positive TST experienced a relative risk of TB disease of RR=0.48; 95%
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CI (0.29, 0.82) compared to untreated patients or treated with placebo. For subjects
with negative TST reactions, there was a moderate, but not statistically significant,
protective effect (RR= 0.79; 95% CI (0.58, 1.08) compared to untreated patients.
This is in agreement with previous reports.31,44 As TST reactivity also demonstrates
a functional anti-mycobacterial response, a TST negative status can indicate either
a lack of TB exposure, or result from severe immune deficiency with or without
underlying latent TB. A TST positive status hence indicates a preserved immune
response and this could affect the efficacy of IPT.45
ART contributes to the prevention of TB in HIV positive patients by maintaining
the patient’s immune system.45 Only two of the included studies (Rangaka et.al.
and TEMPRANO) assessed the combined effect of ART and IPT on TB, all-cause
mortality, or HIV disease progression and found that ART decreased the risk of
all-types of TB and increased the risk of ADR. Further evidence from observational
cohort studies indicate that antiretroviral therapy may significantly reduce the risk
of TB.28,46–52 Despite the protective effects of ART, long-term incidence rates of TB
remain high in people with HIV.53–55 This is arguably related to suboptimal adherence,56 the limited CD4-cell count recovery,57 persisting defects in TB-specific immune responses,58 or a high rate of re-exposure to infectious TB.59 Even in patients
who achieve CD4-cell counts above 500×106/L TB risk remains about two times
higher than background.57 Recent clinical trials60 and observational studies61 reported that combined IPT and ART reduced the risk of TB and advanced HIV disease
events and IPT achieved an additional TB disease risk reduction in patients on ART.
Therefore, clinical trials or well-designed observational studies are needed to assess the TB prevention interventions in addition to ART. The benefit of secondary
prophylaxis of IPT should ideally be investigated in high TB burden countries.
The potential benefit of IPT on the prevention of progression of immunodeficiency
(HIV disease progression) in TST positives was only assessed in a single study with
a RR=0.36; 95% CI (0.15, 0.85). In TST negatives, however, the effect of IPT is
nominal on HIV disease progression [RR=1.00; 95% CI (0.88, 1.15)]. Data from a
meta-analysis of randomized controlled trials of 4136 HIV patients previously demonstrated that IPT did not prevent progression of immunodeficiency.62
IPT did not appear to affect all-cause mortality in the total population studied, nor
in any of the subgroups based on TST status, which is consistent with findings of
other studies.60 The pooled estimates did not reveal an association between IPT and
adverse drug reactions.62 However, higher dosage and duration was associated with
a higher risk of the adverse drug reaction.

37

Chapter 2

This review bears the following strengths. First, participants were stratified based
on their TST status, which allowed identification of the subgroups that may benefit
most from IPT. In contrast to previous systematic reviews, we assessed HIV disease
progression and all-cause mortality across the different TST, ART exposure, IPT
dose, and duration strata. Second, this review includes a recent clinical trial assessing the effect of IPT in ART patients which has substantial implications to the contemporary TB/HIV clinical practice of high ART adoption rate. Finally, given the
high degree of clinical heterogeneity, the current review did not only present pooled
effect estimates that were adjusted for between-study heterogeneity, but also calculated prediction intervals reflecting the expected range of the IPT efficacy in future
studies with similar characteristics as those included in this meta-analysis. These
intervals suggest that, despite the overall protective effect of IPT in HIV patients,
non-beneficial effects may still be expected in some specific TST negative and TST
unknown populations for yet unidentified reasons.
This review has also some limitations. A major limitation emanates from the small
sample size of participants in TST positives and TST unknowns group rendering the
pooled effect size of IPT across different outcomes rather imprecise. Furthermore,
only one study assessed the combined effect IPT with ART on prevention of TB,
HIV disease progression and all-cause mortality, so no synthesis could be applied
for this subgroup of patients. Despite an anticipated risk of isoniazid-resistant TB
after inadvertent isoniazid monotherapy in high TB burden countries,63 only one
study assessed this effect of IPT and found an insignificant risk of drug-resistant
TB. Hence, evaluating the risk of drug-resistant TB is a compelling area for future
research. This review included manuscript available in English language only.
Finally, collecting subject-level data from the included studies and performing an
individual participant data meta-analysis could help to reduce the extent of the
observed heterogeneity (e.g. by harmonizing the analysis of primary studies and
accounting for differences in follow-up), and to analyze the presence of effect
modification more thoroughly.64,65

Conclusion
This meta-analysis suggests a protective effect of IPT on development of TB in
HIV infected patients, where TST positive patients benefit to a greater extent than
patients with a negative TST. The effects on mortality and HIV disease progression
were modest but there was some evidence indicating an additional benefit of IPT
over ART alone in the prevention of TB disease. Future studies are necessary to
determine the risk of drug-resistant TB after IPT use.
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Effect of isoniazid preventive therapy on adverse drug reaction in patients without
ART

5.4

Effect of isoniazid preventive therapy on adverse drug reaction with 300mg
isoniazid preventive therapy
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5.5

Effect of isoniazid preventive therapy on adverse drug reaction with 900mg

5.6

Effect of 6 months isoniazid preventive therapy on adverse drug reaction

5.7

Effect of 12 months isoniazid preventive therapy on adverse drug reaction
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Abstract
Introduction: Isoniazid preventive therapy (IPT) is a recommended strategy for prevention of tuberculosis (TB) in persons with Human Immunodeficiency Virus (HIV)
although the benefits have not been unequivocally demonstrated in routine clinical
practice with widespread ART adoption. Therefore, we assessed the effectiveness of
IPT in prevention of TB or death in patients treated with antiretroviral therapy (ART)
in a chronic care setting.
Methods: Retrospective cohort study of HIV patients enrolled in chronic care from
2007 to 2013.Eligible participants were HIV infected subjects (age > 15 years) with
no (history of) TB.The combined effect of IPT and ART on thecomposite outcome
(TB or death) was estimated using time-dependent Cox regression with adjustment
for baseline covariates.
Results: 1,922 patients were included, 374 (19.4%) received IPT and 258 (13.4%)
developed TB or deceased.The median follow-up duration of the cohort was 839
days, with a total of 5491 person years.In unadjusted analysis, the combination of
IPT and ART lowered the hazard ofTB or death by 65% [HR=0.35;95% CI(0.16,
0.77)] compared to ART alone. Even after adjustment for confounders, the combined effect of ART and IPT resulted in a 60% hazard reduction of TB or death in comparison to participants who received ART without IPT [HR=0.40; 95% CI (0.18,
0.87)]. The IPT-specific benefit in patients not receiving ART could not be reliably
estimated due to high rates of ART adoption.
Conclusion: The combined effect of IPT and ART to prevent TB or death in HIV
patients in a non-experimental setting in comparison to ART alone was estimated
to be 60%.
Key words: Isoniazid, prevention, prophylaxis, TB, HIV.
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Introduction
The World Health Organization (WHO) has estimated that in 2013 nine million
people developed tuberculosis (TB) with 1.5 million associated deaths, including
360.000 among persons with Human Immunodeficiency Virus.1 Although the introduction of anti-TB treatment in the early 1950s reduced the disease burden in
developed countries, TB remains a major global health problem in many parts of the
world, especially in Sub-Saharan African (SSA) countries.2
Only a minority of people exposed to Mycobacterium tuberculosis (MTB) develop
active TB.3 In healthy individuals, the immune system controls the infection and
patients can remain asymptomatic for prolonged periods, a so-called latent infection, that may progress to active TB with waning immuntity.4 The HIV epidemic has
changed the dynamics of TB disease.5 HIV infection increases the risk of progression to TB disease after primary exposure,6 reinfection7,8 or from latent TB,9,10 and
thereby the incidence and prevalence of actual TB,11,12 and the risk of transmission
to uninfected persons.13,14
In 2004, the WHO and Stop TB Partnership developed an interim policy on collaborative TB/HIV activities.15 The four main TB prevention methods include intensified case finding, isoniazid preventive therapy (IPT), tuberculosis infection control,
and antiretroviral therapy (ART).15 So far, only ART has been implemented on a
large scale.16 To improve TB prevention and treatment, WHO launched an intervention package which is comprised of IPT, intensified case finding, and infection
control (three I’s) in parallel with ART.17 IPT has proven preventive efficacy in both
non-HIV-infected and HIV-infected individuals,18 however, only 32.5% of eligible
individuals received IPT worldwide in 2012.16,19 In a meta-analysis of eight placebo-controlled trials involving 4136 HIV-infected participants,20 the overall efficacy
of IPT in preventing TB was 33% although reductions among Tuberculin Skin Test
(TST) negative patients were not statistically significant.20 In a recently published
study parallel therapy with IPT and ART was more effective than the individual
therapies alone.21
Importantly, most of the empirical evidence on efficacy of IPT is derived from clinical trials conducted in controlled settings. Evidence is lacking from routine health
care settings and some of the observational studies conducted are limited by methodological concerns; for example, not all incorporate the time varying nature of ART
and IPT exposure. In addition, some studies do not account for death as a competing
event when estimating the effect of IPT on TB incidence. Hence; this retrospective
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cohort study aims to assess the effectiveness of IPT in patientsreceiving ART in a
routine care setting.

Methods
Setting
This retrospective cohort study was conducted at Dilla University Referral Hospital
in Ethiopia. Ethiopia has adopted ART in 200522 and implemented the combined
TB/HIV program including IPT in 2007.23
Study design & study population
This study included all patients who had been treated in the TB and HIV/AIDS
continuum of care between January 2007 and August 2013. Patients aged less than
15 years, who did not have follow up information after first entry to the cohort, had
TB before enrolment to the chronic care unit, or either died or were diagnosed with
TB within 14 days of enrolment were excluded. (Figure 1)
Ethical approval was obtained from Dilla University College of Health and Medical
Sciences ethical review board and Dilla University Hospital, Clinical and Practical
training director office.
Data collection
Information on patient characteristics, severity of disease, treatments and outcomes
was retrieved from patient medical records by data clerks, with verification of accuracy in a random sample. Data were entered in the EpiData template version 3.0
(EpiData Association, Odense, Denmark) and were anonymized prior to analysis.
Baseline covariates included gender, age, ever receiving cotrimoxazole prophylaxis,
ART, weight, CD4 count, WHO stage of HIV infection, and functional status. Follow-up visits for IPT and ART were monthly or every two months, respectively.
Further regular follow-up visits were planned every six months for the first year
and once a year thereafter. During these visits CD4 counts, body weight, functional
status and WHO stage were recorded.
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4091 patients in HIV cohort

296 patients were age < 15
years
3795 adults with age >= 15
years
1571 patients had no follow
up information
2224 patients had follow up
data
234 patients had TB before
enrolment to HIV cohort
1990 patients enrolled to the
cohort without prior TB
65 patients had TB and
3 cases were died within
14 days of enrolment
1922 patientsfor the final
analysis
Figure 1. The schematic presentation of cases selection for the final analysis from
HIV cohort of Dilla University Referral Hospital.
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Outcome
The outcome of this study was the occurrence of TB or all-cause mortality during
follow-up. According to the routine clinical guideline, TB was ascertained either by
a positive sputum smear, suggestive chest X-ray, suggestive pathology or a positive
sputum culture.23 The date of death was determined by review of hospital chartsor
interview of relatives. In the absence of the above events, subjects were censored if they
were lost to follow-up or if they were alive at the end of the study period (August 2013).
Interventions (Exposure)
IPT and ART were the determinants of interest in this study and they were initiated
according tolocal routine clinical practice. All HIV patients without TB or previous
history of TB were eligible for a course of IPT (300mg for six months), and it is
provided free of charge. The eligibility for IPT was determined by broad clinical
assessment to rule out TB up to 2010.24 Starting 2010, more stringent screening criteria were used to rule out pre-existing TB and IPT was started in patients without
current cough, night sweats, weight loss, or fever, in accordance with WHO recommendations.25 TST testing was not required as screening tool in both periods.
According to the national ART guidelines, patients were eligible for ART when
they developed more advanced HIV disease (WHO stage III or higher) or had CD4
counts less than 200 cells/mm.3,26
Statistical Methods
Data integrity was assessed and descriptive statistics were generated. At baseline
less than 5% of data were missing for WHO HIV disease stage, WHO functional
status, CD4 count and body weight; missing observations were imputed by multiple
imputation and effect estimates were pooled using Rubin’s rule.27 Cox regression
was used to estimate unadjusted and adjusted hazard ratios for the composite outcome of TB or death. IPT and ART treatment status was included as time-varying
exposure and the estimates were adjusted for the following baseline covariates: age,
gender, cotrimoxazole prophylaxis, weight, CD4 count, WHO stage and functional
status. If a patient on ART treatment began IPT, person-time no longer accumulated in the ART alone category, but rather person-time and subsequent events contributed in the category labeled ‘on ART and treated with IPT’. This person-time
movement also occurred for the small number of patients treated with IPT who
then began ART therapy. Patients who completed treatment with IPT remained in
the IPT treatment category until the end of follow-up. Incidence rates of TB, death,
and composite outcome were calculated in each exposure category. A considerable
proportion of data were missing during follow up and adjusted analysis was not
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possible for covariates other than those measured at baseline. Treatment with ART
but not IPT was considered the reference group. The assumptions of Cox regression
models were assessed by examining Schoenfeld residuals for proportional hazards,
dfbeta’s for influential observation, and martingale residuals for non-linearity.28 The
level of significance was taken at p≤0.05. All analysis was conducted in SPSS version 2029 and R version 3.0.2.30

Results
Of the 4,091 patients enrolled in the comprehensive follow-up program, 1,922
were included in the final analysis (figure 1). Patients were excluded for one of the
following reasons: age less than 15 years (n=296), lack of follow-up information
(n=1,571), occurrence of TB before enrolment to the chronic care unit (n=234), TB
or death within the first fourteen days of enrolment to the chronic care unit (n=68).
The were no statistically significant differences in mean age and gender of cases
excluded due to a lack of follow-up information, those participants lost to follow up
and the participants remaining in the cohort.
Three hundred seventy four (19.5%) participants received IPT during their follow
up in the care program. The majority of subjects (55.8%) were females and close
to two thirds of the study subjects (60.5%) were younger than 34 years. (Table 1)
Eighty five percentof the study subjects (n=1635) were not on ART at baseline, but
almost all (n=1919) received or started ART during follow-up. In addition to IPT
prophylaxis, many patients (84.9%) had received prophylactic co-trimoxazole. The
majority of the participants (64.3%) had stage III HIV disease at baseline. Most
subjects were either at working (58%) or at ambulatory (36.4%) functional status
according to the WHO operational definition. Sixty-five percent of the subjects had
a CD4 count less than 199 cells/mm3 and less than 4% of the participants had CD4
counts above 350 cells/mm3. Almost half of the participants (n=879) weighed less
than 50 kgs (Table 1).
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Table 1. The Socio-demographic and baseline characteristics in IPT and non IPT
cohorts in Dilla University Referral Hospital
Baseline covariates

Non IPT cohort
N=1548
No. (%)

IPT cohort
N=374
No. (%)

Total
N=1922
No. (%)

Gender

Female

848 (54.8)

225 (68.2)

1073 (55.8)

Age group

15 – 25 years

333 (21.5)

78 (20.9)

411 (21.4)

26 – 29 years

238 (15.4)

63 (16.8)

301 (15.7)

30 – 34 years

355 (22.9)

94 (25.1)

449 (23.4)

35 – 39 years

268 (17.3)

58 (15.5)

326 (17.0)

40 – 99 years

354 (22.9)

81 (21.7)

435 (22.6)

No

1307 (84.4)

328 (87.7)

1635 (85.1)

ART at baseline

Yes

241 (15.6)

46 (12.3)

287 (14.9)

Cotrimoxazole (ever use)*

Yes

1290 (83.3)

341 (91.2)

1631 (84.9)

WHO stage of HIV disease*

Stage I

141 (9.1)

39 (10.4)

180 (9.4)

WHO functional status*

Stage II

247 (16.0)

78 (20.9)

325 (16.9)

Stage III

1000 (64.6)

236 (63.1)

1236 (64.3)

Stage IV

160 (10.3)

21 (5.6)

181 (9.4)

Ambulatory

590 (38.1)

110 (29.4)

700 (36.4)

99 (6.4)

8 (2.1)

107 (5.6)

Working

859 (55.5)

256 (68.4)

1115 (58.0)

0 – 99 cells/mm3

477 (30.8)

76 (20.3)

553 (28.8)

3

100 – 199 cells/mm

561 (36.3)

142 (38.0)

703 (36.6)

200 - 349 cells/mm3

446 (28.8)

145 (38.8)

591 (30.8)

63 (4.1)

11 (2.9)

74 (3.9)

< = 50 Kgs.

726 (47.5)

153 (41.6)

879 (46.4)

50-74 Kgs.

763 (50.0)

204 (55.4)

967 (51.0)

Bedridden
CD4*

350 + cells/mm3
Body weight

38 (2.5)

11 (3.0)

49 (2.6)

Transfer in

yes

75 + Kgs.

160 (10.3)

36 (9.6)

196 (10.2)

Point of entry to care
(Entry from)

Referred from the same
hospital

1197 (77.3)

296 (79.1)

1493 (77.7)

29 (1.9)

6 (1.6)

35 (1.8)

Referred from other
health facilities

322 (20.8)

72 (19.3)

394 (20.5)

Censored

1301 (84.0)

363 (97.1)

1664 (86.6)

105 (6.8)

5 (1.3)

110 (5.7)

Self-referred

Outcomes

TB
Composite outcome

Death

142 (9.2)

6 (1.6)

148 (7.7)

TB or death

247 (16.0)

11 (2.9)

258 (13.4)

*: p value < 0.05.ART: Antiretroviral therapy; HIV: Human Immunodeficiency Virus; IPT: Isoniazid Preventive
Therapy; N: Number of people; PYs: Person years; TB: Tuberculosis; and WHO: World Health Organization
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Five hundred seventy eight participants were lost to follow-up during the study period and were censored, together with the 460 participants alive at the end of the study
(table 2). The median follow-up duration of the cohort was 839 days with 5491.2
person-years (PYs) in total. In total, 110 patients developed TB and 148 died during
the course of the study. TB was diagnosed based on a positive sputum smear (n=81),
suggestive chest X-ray (n=13), suggestive pathology (n=12) or a positive sputum
culture (n=4). The incidence of TB (6.6 per 100 PYs), death (9.5 per 100 PYs), and
the composite outcome (16.1 per 100PYs) was higher within the first six months,
with a decreasing trends in the following months. (Table 2)
Table 2. Follow up information of HIV cohort in Dilla University Referral
Hospital from January 2007 to August 2013
Follow up
time

Baseline
(t=0)

Total participants on
follow up
n (PYs)

IPT
Started

ART
started

TB Diagnosed
n (Per 100
PYs)

Death
Reported
n (per 100
PYs)

Composite
outcome
n (per 100
PYs)

Lost to
follow up
n (per 100
PYs)

Censored
alive

1922 (0)

12

289

0 (0)

0 (0)

0 (0)

0 (0)

0

6th month

1519 (865.2)

43

1293

57 (6.59)

82 (9.48)

139 (16.07)

175 (20.22)

89

12th month

1300 (703.1)

50

109

16 (2.28)

21 (2.99)

37 (5.26)

143 (20.34)

39

24th month

1028 (1165.7)

94

104

19 (1.63)

15 (1.29)

34 (2.92)

130 (11.15)

108

36th month

780 (893.7)

81

60

8 (0.90)

13 (1.46)

21 (2.35)

66 (7.39)

161

48th month
and beyond

626 (1863.4)

94

64

10 (0.54)

17 (0.91)

27 (1.45)

64 (3.44)

63

(5491.2)

374

1919

110 (2.00)

148 (2.70)

258 (4.70)

578 (10.53)

460

Total

ART: Antiretroviral therapy; IPT: Isoniazid Preventive Therapy; n: Number of people; PYs: Person years; and TB: Tuberculosis

Among the 374 patients receiving IPT, 45 (12%) didnot complete six months of
IPT: 34 were censored alive during their IPT treatment, 7 were lost to follow up and
4 had an outcome (TB or death). Overall, the rate of TB was higher in ART naïve
participants (8.05 per 100 PYs) followed by ART naïve participants yet treated with
IPT (5.20 per 100 PYs) compared to those treated with both ART and IPT (Table 3).
In the crude analysis, male patients were at higher risk of developing TB or dying
[HR=1.44; 95% CI (1.12, 1.83)] (Table 4). Furthermore, patients who were bedridden and those with more advanced HIV disease (WHO stage III or higher) had an
increased hazard of developing TB or death in comparison to ambulatory patients
or those with early disease stages, respectively. Increasing baseline patient body
weight decreased the hazard of developing TB or death by 2% [HR=0.98; 95% CI
(0.97, 0.99)]. With respect to the patients’ entry point of care, those referred from
other health facilities had a lower hazard to develop TB or die [HR=0.61; 95% CI
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(0.41, 0.87)] in comparison to patients referred from different departments of the
same hospital.
Table 3. Incidence rate of endpoints (TB, Death, and Composite) in IPT and ART
exposure category in HIV cohort of Dilla University Hospital from January 2007 to
August 2013
Exposure status

Person Years

TB
n(per 100 PYs)

Death
n(per 100 PYs)

Composite
n(per 100 PYs)

On ART, no IPT

3922.6

53 (1.35)

140 (3.57)

193 (4.92)

No ART, no IPT

645.9

52 (8.05)

2 (0.31)

54 (8.21)

No ART, treated
with IPT

77.0

4 (5.20)

0 (0)  

4 (5.20)

On ART, treated
with IPT

845.7

1 (0.12)

6 (0.71)

7 (0.83)

Total

5491.2

110 (2.00)

148 (2.70)

258 (4.70)

ART: Antiretroviral Therapy; IPT: Isoniazid Preventive Therapy; n: Number of events; PY: Person Year;
TB: Tuberculosis

In the adjusted analysis, the same covariates appeared associated with risk of TB or
death. (Table 4) In comparison to ambulatory patients, bedridden patients had double the hazard to die or develop TB [aHR=2.47; 95% CI (1.62, 3.75)], and working
patients had a 33% lower hazard to die or develop TB [aHR=0.67; 95% CI (0.50,
0.89)]. With respect to the WHO staging, being in WHO stage II or higher was associated with an increased hazard of developing TB or death in comparison to patients
in WHO stage I at baseline. Patients transferred to the University Hospital chronic
care unit from primary health care units in the catchment area had a lower hazard to
develop TB or die in comparison to patients who entered the cohort from different
departments of the same hospital (aHR=0.39; 95% CI [0.18, 0.82]). The effects of
age and baseline CD4 count on TB or death were more or less nominal. (Table 4)
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Table 4. The crude and adjusted estimate of cox regression model fitting IPT and
ART treatment status as time dependent covariates for TB or death in HIV cohort of
Dilla University hospital from January 2007 to August 2013
Covariates

Crude HR 95% CI

Adjusted HR*
95% CI

1

1

No ART, no IPT

1.08 (0.79, 1.47)

1.36 (0.97, 1.91)

No ART, treated with IPT

1.22 (0.45, 3.28)

1.86 (0.68, 5.10)

Combination therapy
On ART, no IPT

On ART, treated with IPT

0.35 (0.16, 0.77)

0.40 (0.18, 0.87)

Crude HR 95% CI

Adjusted HR*
95% CI

Gender (male)

1.44 (1.12, 1.83)

1.56 (1.18, 2.06)

Age (years)**

1.01 (1.00, 1.03)

1.01 (0.99, 1.02)

Baseline body weight (Kg)***

0.98 (0.97, 0.99)

0.99 (0.97, 1.00)

Baseline CD4 count (Cells/mm )

1.00 (1.00, 1.01)

1.00 (0.999, 1.001)

Cotrimoxazole (ever use)

0.56 (0.43, 0.72)

0.72 (0.51, 1.02)

1

1

Bedridden

2.53 (1.72, 3.72)

2.47 (1.62, 3.75)

Working

0.56 (0.43, 0.73)

0.67 (0.50, 0.89)

Covariates:

3 $

Baseline Function
functional status

Ambulatory

Baseline WHO HIV

Stage I

1

1

disease stage

Stage II

1.12 (0.54, 2.31)

1.11 (0.53, 2.30)

Stage III

2.46 (1.33, 4.58)

2.14 (1.13, 4.06)

Stage IV

3.71 (1.87, 7.37)

2.25 (1.07, 4.74)

Patients transferred from other hospital

0.33 (0.17, 0.64)

0.39 (0.18, 0.82)

Entry from (referred from)

1

1

Self-referred

the same facility

0.61 (0.20, 1.85)

0.71 (0.23, 2.15)

other facilities

0.61 (0.41, 0.87)

0.73 (0.48, 1.10)

* IPT & ART were adjusted to the baseline covariates: gender, age, baseline body weight, baseline
CD4 count, cotrimoxazole prophylaxis (ever use), baseline WHO functional status, baseline WHO
stages, transfer history, and the entry point of care; HR: Hazard Ratio; CI: Confidence Interval;
IPT: Isoniazid Preventive Therapy; ART: Antiretroviral Therapy; ** Age interval is in every five
years; *** Baseline body weight is in every 10kgs; $ Baseline CD4 count is in every 50 cells/dl
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In the unadjusted time dependent Cox regression model, the combined treatment
with IPT and ART lowered the hazard of TB or death by 65% [HR=0.35;95%
CI(0.16, 0.77)] compared to ART alone and no such effect could be demonstrated
for IPT in the absence of ART [HR=1.22;95% CI (0.45, 3.28)]. The combined effect
of IPT and ART lead to a 60% reduction of the hazard of death or TB in comparison to ART without IPT after adjusting for baseline covariates [aHR=0.40; 95% CI
(0.18, 0.87)]. It was not possible to reliably estimate the effect IPT in patients not
treated with ART as there was little person time (77.0 PYs) available in this treatment category.

Discussion
The estimated combined effect of ART and IPT on the risk of TB or deathin HIV
infected patients was a 60% hazard reduction in comparison to ART without IPT
after adjusting for baseline confounders. Due to the little patient time in the cohort
for patients receiving IPT without concomitant ART, the isolated effect of IPT could
not be reliably determined. Strikingly, only one fifth of the HIV patients included in
this study actually received IPT.
These results are consistent with the results obtained in controlled clinical trials.
In a recently updated Cochrane review of twelve clinical trials, IPT was associated
with an overall TB risk reduction of 26% in 8578 randomized HIV infectedand
TST positive participants.20 Moreover, recent empirical evidence has shown that the
combined benefit of ART and IPT was paramount in reducing the risk of TB and
death (HR= 0.63,95% CI 0.41-0.94).21,34 Further observational studies conducted in
Brazil,38 South Africa,39 and Hong Kong40 reported beneficial effect of combined
therapy on TB. Although ART reduces HIV disease progression35 and opportunistic
infections including TB,36 the recent WHO policy guidelines do not precisely define
how ART and IPT are best used together for optimal TB risk reduction.37 The biological mechanism of combination therapyis that IPT reduces the burden of MTB,41,42
whereas ART decreases the risk of developing active TB by improving immune
function.43–45 These mechanisms appear complementary and the combined use of
these interventions might reasonably improve outcomes in HIV patients.
Of note, self-referred patients or those who were transferred from other health facilities had a lower risk of developing TB or dying. These patients started ART earlier
compared to patients transferred to the HIV treatment unit from the same hospital. A
plethora of studies reported that early diagnosis of HIV31 and early therapy32 play a
significant role in HIV disease prevention and control. This study demonstrated that
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most events (TB or death) occurred in the first six months. This finding is consistent
with a finding from Thailand where most of TB episodes observed within the first
six months of enrolment.33
The uptake of IPT in this study was lower than the global estimate (32.5%),
although there was no clear reason for this underutilization or under prescription.19 Possible reasons may be the health care professionals’ skepticism about
potential drug resistance24 and subsequent underestimation of potential public health
impact,46 as well as lack of adequate means to exclude a pre-existing TB infection
prior to treatment initiation.
As opposed to most clinical trials, this study used the composite of TB or deathas an
outcome. Most trials found significant TB risk reduction and statistically non-significant effects in death prevention.21,47 As death and occurrence of TB are competing
events, we chose to not separately assess the effect of IPT on these outcomes. Competing event analysis would be a means to reliability estimate the overall sub distributionhazard and event specific hazards.48 The low number of TB or death cases in
the IPT cohort, however, precluded a formal competing risks analysis. A strength of
our study is the fit of a Cox regression model that includes time-varying exposures
to accommodate changes in treatment status when IPT and/or ART are initiated.
This possible source of so-called time dependent bias is often neglected, which can
lead to overestimation of intervention effects.49–52
Most limitations of this study follow from the retrospective study design, such as the
inability of assessing time of HIV infection, precluding adjustment for length time
bias.52 All HIV patients were eligible to receive IPT as long as they fulfilled screening criteria.24,25 In this study, however, less than 20% of the participants eligible
for IPT received IPT, which may have created confounding by indication and this
is difficult to address in observational studies.53 The final model was adjusted for
baseline covariates, although this does not control for effects of unmeasured confounders or time-varying confounders. Finally, many patients were lost to follow up
and the underlying reasons for this could not be derived from the clinical charts or
ART database. Importantly, there was little difference in the baseline characteristics
between patients with and without loss to follow up and hence they were censored
in the analysis.
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Conclusion
In this retrospective cohort study, the combination of IPT and ART reduced the
hazard of TB or death in HIV-infected patientsby 60% in comparison to treatment
with ART alone. Due to high levels of ART adoption, it was not possible to make
strong conclusion about the benefits of IPT alone in the absence of ART. Contrary
to the evidence arising from this and other studies, uptake of IPT in routine practice
is very low (<20%). We, therefore, recommend studies to determine the risk factors
or predictors of the low IPT uptake, quantifythe risk of isoniazid-resistant TB after
IPT use, and elucidate thebest strategies for (combined) initiation of IPT and ART.
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Summary
Background: The burden of tuberculosis (TB) in developing countries remains high,
in particular in the setting of HIV co-infection. The World Health Organization recommends isoniazid preventive therapy (IPT) for prevention of TB in people with
human immunodeficiency virus (HIV). This study assesses the effect of IPT of TB
prevention in era of wide spread antiretroviral therapy (ART).
Methods: This retrospective cohort was conducted among patients enrolled in a TB
and HIV treatment program between January 2007 and May 2014. Participants, who
developed TB disease before or within 14 days of enrollment, people without follow-up information, and those aged less 15 years were excluded from the study.
Time-dependent Cox regression modeling was used to assess the combined effect
of IPT and ART on TB or all-cause mortality.
Result: 3533 patients were included in the final analysis. 328 patients (9.3%) received IPT and 1117 (31.6%) were started on ART. After adjusting for baseline covariates, IPT and ART combination treatment did not show a hazard reduction for TB
or all-cause mortality in comparison to ART treatment alone was [HR=1.01; 95%
(0.5, 2.05)]. Other baseline covariates such as WHO HIV disease stage, CD4 count,
functional status, age and body weight were significantly associated with occurrence of TB or all-cause mortality.
Conclusion: In this retrospective cohort study, the combination of IPT and ART did
not appear to reduce the hazard of TB or all-cause mortality over ART alone. Studies
with more systematic adoption of IPT are needed to demonstrate the effect of IPT
on TB or all-cause mortality.
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Background
The World Health Organization (WHO) estimated that a third of the global population is latently infected with Mycobacterium tuberculosis, the causative pathogen
of tuberculosis (TB). In 2014, 9.6 million people developed the disease worldwide
and 1.5 million people lost their lives due to TB. Globally, 12% of the 9.6 million
new TB cases in 2014 were in HIV-positive individuals.1 To combat TB-associated
morbidity and mortality, the WHO adopted directly observed therapy (DOT) in the
1990’s, which has reduced mortality by 47%. However, the epidemic of HIV has
changed the dynamics of TB disease transmission, 2,3 prevention, and control. The
annual risk of TB disease in HIV infected people is 5-10% which the life time risk
of TB disease in HIV non-infected people.4,5
In response, the WHO initiated a TB-HIV collaborative strategy that recommends
isoniazid preventive therapy (IPT), antiretroviral therapy (ART), TB infection control and intensified TB case finding.6 Since then, only ART has been widely implemented and it was found to significantly reduce TB incidence.7 Despite this effect,
the long term incidence of TB in HIV patients receiving ART remains higher than
in HIV negative people,8 underlining the importance of the other components of the
strategy, including IPT.
A number of clinical trials have shown the benefit of IPT in TB prevention in HIV
patients.10,11 A recent observational study conducted in Ethiopia confirmed the beneficial effect of combined IPT and ART on TB or all-cause mortality.12 However,
evidence on efficacy in routine health care settings in developing countries remains
scarce and some of the observational studies conducted are limited by methodological concerns; for example, not all incorporate the time varying nature of ART and
IPT exposure. Hence, this retrospective cohort study aims to assess the effectiveness
of IPT in patients receiving ART in a routine care setting.
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Methods
Settings
This retrospective cohort study was conducted at St. Paul hospital in Ethiopia.
Ethiopia has adopted ART in 200513 and implemented the combined TB/HIV program including IPT in 2007.5 Ethical clearance was obtained from Dilla University
college of health and medical sciences ethical review board, Dilla University hospital, clinical and practical training director office, and St. Paul hospital millennium
medical college research and dissemination office.
Study design & study population
This retrospective cohort study was conducted in adult HIV infected people who
were enrolled in TB and HIV/AIDS continuum of care between January 2007 and
May 2014. Patients who developed TB disease before or within 14 days of enrollment to the chronic care program, people without follow-up information, and those
aged less 15 years were excluded from the study.
Data collection
Information on patient characteristics, severity of disease, treatments and outcomes
was retrieved from patient medical records by data clerks, with verification of accuracy in a random sample. Data were entered in the EpiData template version 3.0
(EpiData Association, Odense, Denmark) and were anonymized prior to analysis.
Baseline covariates included gender, age, ever receiving cotrimoxazole prophylaxis,
ART, weight, CD4 cell count, WHO stage of HIV infection, and functional status.
Follow-up visits those treated with IPT or ART were monthly or every two months,
respectively. Further regular follow-up visits were planned every six months for
the first year and once a year thereafter. During these visits CD4 cell count, body
weight, functional status and WHO stage were recorded.
Outcome
The primary outcome of this study was the occurrence of TB or death during follow-up. According to the routine clinical guideline, TB was ascertained either by a
positive sputum smear, suggestive chest X-ray, suggestive pathology or a positive
sputum culture.5 The date of death was determined by review of hospital charts or
interview of relatives. In the absence of the above events, subjects were censored if
they were lost to follow-up or if they were alive at the end of the study period (May
2014).
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Interventions/exposures
IPT, ART, and cotrimoxazole were the determinants of interest in this study and they
were initiated according to local routine clinical practice. All HIV patients without
TB or previous history of TB were eligible for a course of IPT (300 mg daily for six
months), and it was provided free of charge. The eligibility for IPT was determined
by broad clinical assessment to rule out TB up to 2010.13 Starting 2010, more strict
screening criteria were used to rule out pre-existing TB, and IPT could be started
in patients without current cough, night sweats, weight loss, or fever, in accordance
with WHO recommendations.14 TST testing was not required as screening tool in
both periods.
According to the national ART guidelines, patients were eligible for cotrimoxazole
when their HIV disease status advanced to stage II. Based on the same guideline,
ART was initiated when the patients developed more advanced HIV disease (WHO
stage III or higher) or had CD4 counts less than 200cells/mm3.15,16
Data analysis
Data integrity was assessed and descriptive statistics were generated. At baseline
less than 5 % of data were missing for WHO HIV disease stage, WHO functional
status, CD4 count and body weight; missing observations were imputed by multiple
imputation and effect estimates were pooled using Rubin’s rules.17 Cox regression
was used to estimate unadjusted and adjusted hazard ratios for the composite outcome of TB or death, and analysis were conducted in a similar fashion as Ayele
et.al.12 IPT and ART treatment status was included as time-varying exposure and
the estimates were adjusted for age, gender, cotrimoxazole prophylaxis, baseline
weight, CD4 count, WHO stage and functional status. Patients who completed
treatment with IPT remained in the IPT treatment category until the end of followup. Incidence rates of TB, death, and composite outcome were calculated in each
exposure category. A considerable proportion of data were missing during follow up
and adjusted analysis was not possible for covariates other than those measured at
baseline. Treatment with ART but not IPT was considered the reference group. The
assumptions of Cox regression model were assessed by examining Schoenfeld residuals for proportional hazards, dfbeta’s for influential observation, and martingale
residuals for non-linearity.18 The level of significance was taken at p ≤0.05. Sensitivity analysis were conducted considering mortality as a competing risk and also by
restricting the study population to those enrolled in 2011 or later. All analyses were
conducted in SPSS version 2019 and R version 3.0.220.
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Results
Of 5373 HIV patients in the chronic care program, 3533 patients were included in
the final analysis. Reasons for exclusion were lack of baseline and follow-up information (n=1824), and history of TB within 14 days of enrollment (n=16). (fig. 1)
The mean follow-up period in the cohort was 883 days with 8555 person-years in
total. The mean age of the participants was 35 years with interquartile ranges (28-40
years). Most of the participants were female (58%) and entered in to the cohort from
different referral sources (60.4%).

Figure 1: Schematic presentation of participants’ inclusion in to the final analysis
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Table 1: Baseline characteristics of patients enrolled in to St. Paul HIV cohort from
January 2007 and May 2014
Baseline covariates

No IPT

IPT

Total

N=3203

N=328

N=3533

No. (%)

No. (%)

No. (%)

Gender

Female

1848 (57.7)

201 (60.9)

2049 (58.0)

Age

15 – 25 years

396 (12.4)

44 (13.3)

440 (12.5)

26 – 29 years

525 (16.4)

49 (14.8)

574 (16.2)

30 – 34 years

736 (23.0)

77 (23.3)

813 (23.0)

35 – 39 years

675 (21.1)

73 (23.3)

813 (23.0)

40 – 99 years

871 (27.2)

87 (22.1)

958 (21.2)

ART at baseline

Yes

1034 (32.3)

83 (25.2)

1117 (31.6)

Cotrimoxazole (ever )

Yes

2461 (76.8)

250 (75.8)

2711 (76.7)

WHO stage of HIV disease

Stage I

295 (9.3)

32 (9.8)

327 (9.3)

WHO functional status

CD4 cell count (cells/mm3)

Stage II

524 (16.5)

56 (17.1)

580 (16.6)

Stage III

1690 (53.2)

184 (56.1)

1874 (53.5)

Stage IV

667 (21.0)

56 (17.1)

723 (20.6)

Ambulatory

851 (27.5)

69 (21.8)

920 (27.0)

Bedridden

333 (10.8)

22 (7.0)

355 (10.4)

Working

1909 (61.7)

225 (71.2)

2134 (62.6)

0 – 99

1319 (43.0)

100 (31.1)

1419 (41.8)

100 – 199

1084 (35.3)

131 (40.7)

1215 (35.8)

200 - 349

579 (18.9)

81 (25.2)

660 (19.5)

89 (2.9)

10 (3.1)

99 (2.9)

< = 50 Kgs.

1245 (42.6)

120 (39.7)

1365 (42.4)

50-74 Kgs

1539 (52.7)

171 (56.6)

1710 (53.1)

75 + Kgs.

136 (4.7)

11 (3.6)

147 (4.6)

VCT centers

843 (27.0)

88 (27.0)

931 (27.0)

Within hospital
referral

380 (12.2)

34 (10.4)

414 (12.0)

350 +
Body weight

Point of entry to care

Outcomes

Self-referred

17 (0.5)

1 (0.3)

18 (0.5)

Other referral

1884 (60.2)

211 (62.2)

2087 (60.4)

TB

47 (1.5)

2 (0.6)

49 (1.4)

Death

387 (12.1)

13 (3.9)

400 (11.3)

TB or death

432 (13.5)

15 (4.5)

447 (12.7)

ART: Antiretroviral therapy; CD4: Cluster of Differentiation 4; HIV: Human Immunodeficiency Virus; TB: Tuberculosis; VCT: Voluntary (HIV) Testing and Counseling; WHO: World Health Organization.
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Only 9.2% of the participants received IPT (n=328), although all patients in the
cohort were eligible for IPT. In total, there were 419 person-years on IPT follow-up
in the cohort. Strikingly, the mean time to initiation of IPT was almost two years
after enrolment. A third of the participants started ART at baseline (31.6%) and all
patients were initiated on ART by the end of the study. The majority of participants
(76.7%) received cotrimoxazole prophylaxis during the follow-up period. (Table 1).
Half of the participants were in stage III of HIV disease at enrolment. The median
CD4 cell count at baseline was 122 cells/mm3. (Table 2)
Table 2 shows the follow-up status of participants. Most of deaths occurred in the
first six months of follow-up and (15.6 per 100 PYs). In contrast, the risk of TB was
stable throughout the follow-up period. A total of 49 participants developed TB and
400 participants died during the study. The overall rate of TB was 0.57 per 100 PYs
and the rate of all-cause mortality was 4.68 per 100 PYs. (Table 2)
Table 2. Follow-up information of patients enrolled in to St. Paul HIV cohort from
January 2007 toMay 2014
Follow up
period

Participants
on follow-up

Person
years

TB
N
(n/100 PYs)

Death N
(n/100 PYs)

Combined
outcome N
(n/100 PYs)

Lost to
follow
up

Baseline

3533

0

0

0

0

0

6 month

2887

1621.7

3 (0.19)

253 (15.60)

256 (15.79)

526

12th month

2455

1326.9

13 (0.98)

62 (4.67)

75 (5.65)

278

18 month

2170

1152.3

13 (1.13)

33 (2.86)

46 (3.99)

149

24th month

1891

1010.8

5 (0.50)

18 (1.78)

23 (2.28)

94

30th month

1638

880.8

1 (0.11)

13 (1.48)

14 (1.59)

63
58

th

th

36 month

1354

753.9

3 (0.40)

7 (0.93)

10 (1.33)

42nd month

1094

608.7

2 (0.33)

7 (1.15)

9 (1.48)

38

48th month

877

493.5

0 (0)

6 (1.22)

6 (1.22)

13

54th month

675

391.1

0 (0)

1 (0.26)

1 (0.26)

9

60th month

323

253.9

7 (2.76)

0 (0)

7 (2.76)

10

66th month

323

th

Total

61.3

2 (3.26)

0 (0)

2 (3.26)

8

8554.8

49 (0.57)

400 (4.68)

449 (5.25)

1246

HIV: Human Immunodeficiency Virus; PY: Person Years; TB: Tuberculosis
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Table 3 presents the risk of TB and all-cause mortality in different exposure strata:
participants without IPT nor ART were more likely to develop TB (1.52 per 100
PYs) and all-cause mortality (4.73 per 100 PYs) in comparison to patients receiving
both IPT and ART (TB 0.26/100 PY, all-cause mortality 2.35/100 PY).
Table 3. Rates of TB, all-cause mortality, or composite outcomestratified by treatment status for patients enrolled in to St. Paul HIV cohort from January 2007 and
May 2014
Exposures

PY

TB
N (n/100 PYs)

All-cause
mortality
N (n/100 PYs)

Composite
outcome
N (n/100 PYs)

On ART, No IPT

7542.4

38 (0.50)

357 (4.73)

393 (5.21)

No ART, No IPT

593.4

9 (1.52)

30 (5.06)

39 (6.57)

No ART, treated with IPT

35.9

1 (2.79)

4 (11.16)

5 (13.95)

On ART, treated with IPT

383.0

1 (0.26)

9 (2.35)

10 (2.61)

Total

8554.8

49 (0.57)

400 (4.68)

447 (5.23)

ART: Antiretroviral therapy; HIV: Human Immunodeficiency Virus; PY: Person Years; TB: Tuberculosis

In an unadjusted time-dependent Cox regression model, IPT-ART combination
treatment did not appear to prevent risk of TB or all-cause mortality (table 4).
However, the hazard of developing TB or all-cause mortality was related to baseline
indicators of severity of illness such as being bedridden, having an advance HIV
stage or low body weight. (Table 4).
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Table 4. Unadjusted and adjusted time-dependent Cox regression model fitting the
effect of combination treatment on composite outcome in a cohort of HIV patients
in St. Paul hospital
Covariates

Unadjusted HR (95%
CI)

Adjusted HR (95%
CI)

Combination

On ART, no IPT

1

1

treatment

No ART, no IPT

0.76 (0.54, 1.06)

1.19 (0.79,1.78)

No ART, treated with IPT

2.31 (0.96, 5.59)

3.21 (1.02, 10.11)

On ART, treated with IPT

0.92 (0.49, 1.74)

1.01 (0.50, 2.05)

1

1

Bedridden

2.04 (1.61, 2.59)

1.47 (1.05, 2.04)

Working

0.33 (0.27, 0.41)

0.44 (0.34, 0.56)

Functional
status

Ambulatory

WHO HIV

Stage I

1

1

disease stage

Stage II

1.45 (0.78, 2.67)

1.36 (0.69, 2.70)

Stage III

2.93 (1.71, 5.02)

2.01 (1.07, 3.74)

Stage IV
Age groups

CD4 group

Body weight

5.39 (3.12, 9.33)

2.09 (1.09, 4.05)

15 – 25 years

1

1

26 – 29 years

0.98 (0.66, 1.45)

1.08 (0.70, 1.66)

30 – 34 years

1.19 (0.83, 1.70)

1.15 (0.77, 1.72)

35 – 39 years

1.28 (0.89, 1.82)

1.15 (0.76, 1.72)

40 – 99 years

1.58 (1.12, 2.21)

1.41 (0.96, 2.08)

0 – 99 cells/mm3

1

1

100 – 199 cells/mm3

0.39 (0.31, 0.49)

0.50 (0.39, 0.65)

200 - 349 cells/mm3

0.28 (0.20, 0.39)

0.35 (0.24, 0.51)

350 + cells/mm3

0.60 (0.34, 1.07)

0.62 (0.30, 1.26)

< = 50 Kgs.

1

1

50-74 Kgs

0.51 (0.41, 0.62)

0.65 (0.52, 0.81)

75 + Kgs.

0.49 (0.28, 0.88)

0.77 (0.42, 1.43)

Patients referred

VCT centers

1

1

from

same hospital

1.66 (1.21, 2.26)

0.96 (0.66, 1.38)

Referred from other public
health facilities

1.24 (0.96, 1.59)

1.00 (0.76, 1.33)

Referred from private health
facilities

1.19 (0.90, 1.59)

0.87 (0.63, 1.21)

Self-referred

0.52 (0.07, 3.77)

0.65 (0.09, 4.72)

ART: Antiretroviral therapy; CD4: Cluster of Differentiation 4; CI: Confidence Interval; HR: Hazard Ratio; HIV:
Human Immunodeficiency Virus; TB: Tuberculosis; VCT: Voluntary (HIV) Testing and Counseling; WHO: World
Health Organization.
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After adjusting for baseline covariates, IPT and ART combination treatment did not
show a reduced hazard of TB or all-cause mortality in comparison to ART treatment
alone [HR=1.01; 95% (0.5, 2.05)]. Other baseline covariates such as WHO HIV
disease stage, CD4 count, functional status, age and body weight remained associated with TB or all-cause mortality. (Table 4)
Sensitivity analyses
Since mortality could be considered a competing event for the development of TB,
we performed a sensitivity analysis using a competing event analysis. However, the
hazard of TB was not affected by competing hazard of all-cause mortality after IPT
use in comparison to no IPT use even though the competing event model estimated
IPT and ART effect without interaction due to lack of convergence. [SDHR=0.83;
95% CI (0.19, 3.57)]. In addition, we repeated the Cox survival analysis for patients enrolled after January 1st, 2011 with the hypothesis that these patients would
receive IPT earlier in their follow-up. However, this did not alter the results (S1-3),
although the interaction between IPT and ART could not be modeled due to a lack
of follow-up time in these categories.

Discussion
In this retrospective cohort study, IPT in addition to ART did not appear to lower
the hazard of TB or all-cause mortality in comparison to HIV patients who received
ART without IPT. Clinical factors at baseline, such as WHO functional status, WHO
HIV disease stage, CD4 cell count and patients body weight were significantly associated with an increased rate of TB or all-cause mortality. Previous observational
studies confirmed similar and increased hazard of developing TB in patients with
advanced stage of HIV disease.21–27
Of note, this study could not replicate the findings from a prior study in a University hospital in Ethiopia. This study12 demonstrated that IPT and ART combination
therapy lowered the hazard of developing TB or all-cause mortality by 60% in a
non-experimental setting. When comparing both studies, patient baseline characteristics at enrolment were similar; however, most patients in the current cohort were
referred from health facilities in the catchment area as opposed to within hospital
referrals. In addition, a relatively higher proportion of participants received IPT in
prior study cohort (20%) compared to the 9% observed presently. The discrepancy
in observed effect may also be due to (unmeasured) differences in IPT prescription
practices, inducing a form of confounding by indication.
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Several observational studies demonstrated that IPT reduces the hazard of TB in
people infected with HIV receiving ART.29–31Ameta-analysis of randomized clinical
trials showed that IPT could prevent TB,32 although the preventive effect of IPT on
all-cause mortality could not be demonstrated. Since the current study investigated
the composite outcome of TB and/or mortality, the effect of IPT on TB occurrence
may have been masked by mortality events.
The strength of this study include the large size of the cohort and the use of time dependent Cox regression to adjust for immortal time bias.33–35 In addition, we accounted for competing events in a sensitivity analysis,35–37 although the interaction of IPT
and ART could not be modeled due to lack of convergence. The analyses restricted
to patients enrolled after 2011 provides evidence regarding current care practices
and corrects for the long time to IPT initiation observed in the prior years.33–35
This study has some limitations. First, only 9% of patients received IPT; this uptake is much lower than the global estimates1,28 (32.2%) even though all participants were eligible to receive IPT. Previous studies have hypothesized potential
reasons for lower prescription and uptake, including the healthcare professionals’
skepticism regarding potential drug resistance and subsequent underestimation of
potential public health impact,5,12 as well as lack of adequate means to exclude a preexisting TB infection prior to treatment initiation.38 In addition, about three quarters
of participants were in stage III or higher of HIV disease at enrolment, and a considerable proportion of these participants might be excluded from IPT start based
on the WHO ‘symptomatic TB’.7,14 These concerns with IPT prescription may have
introduced confounding by indication and this is difficult to address in observational
studies.39 Second, since very few patients received IPT without concurrent ART, and
the limited number of events in this group, it was not possible to draw conclusions
about the isolated effect of IPT on tuberculosis. Finally, due to the retrospective
nature of this study, it was not possible to assess the time of HIV infection and diagnosis, precluding adjustment for length time bias.40

Conclusion
In this retrospective cohort study the combination of IPT and ART did not appear to
reduce the hazard of TB or all-cause mortality in a routine care clinical setting over
treatment with ART alone. Confounding by indication and the advanced disease
stage of participants may have masked the potential benefit of IPT. Future studies
are needed to assess the effect of early initiation of IPT.
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S1. Table: Characteristics of patients enrolled in to St. Paul HIV cohort from
January 2011 and May 2014
Characteristics

Gender
Age in years

ART (at baseline)
Cotrimoxazole (ever use)
Referral from

WHO functional status*

CD4 cell count*

No IPT
N=2302
N(%)

IPT
N=210
N(%)

Total
N=2512
N(%)

Female

1323 (57.5)

126 (60.0)

1449 (57.7)

Male

979 (42.5)

84 (40.0)

1063 (42.3)

15-25 years

286 (12.4)

30 (14.3)

316 (12.6)

26-29 years

370 (16.1)

31 (14.8)

401 (16.0)

30-34 years

539 (23.4)

49 (23.3)

588 (23.4)

35-39 years

489 (21.2)

45 (21.4)

534 (21.3)

40-99 years

618 (26.8)

55 (26.2)

673 (26.8)

No

1475 (64.1)

148 (70.5)

1623 (64.6)

Yes

827 (35.9)

62 (29.5)

889 (35.4)

No

545 (23.7)

51 (24.3)

596 (23.7)

Yes

1757 (76.3)

159 (75.7)

1916 (76.3)

Different department of
same hospital

1007 (43.7)

90 (42.2)

1097 (43.7)

Other hospital

1295 (56.3)

120 (57.8)

1415 (56.3)

Ambulatory

465 (21.0)

28 (14.0)

493 (20.4)

Bedridden

230 (10.4)

18 (9.0)

248 (10.3)

Working

1524 (68.7)

154 (77.0)

1678 (69.4)

0-99 cells/mm3

965 (44.0)

65 (32.0)

1030 (43.0)

100-199 cells/mm3

770 (35.1)

77 (37.9)

847 (35.4)

200-349 cells/mm

383 (17.5)

54 (26.6)

437 (18.3)

>=350 cells/mm3

73 (3.3)

7 (3.4)

80 (3.3)

3

WHO HIV disease stage

Body weight

Stage I

265 (11.6)

24 (11.5)

289 (11.6)

Stage II

418 (18.3)

42 (20.2)

460 (18.5)

Stage III

1108 (48.6)

103 (49.5)

1211 (48.7)

Stage IV

488 (21.4)

39 (18.8)

527 (21.2)

< 50 Kgs

857 (40.8)

77 (40.1)

934 (40.8)

50 – 74 Kgs

1140 (54.3)

108 (56.3)

1248 (54.5)

>=75 Kgs
TB
Death

No

102 (4.9)

7 (3.6)

109 (4.8)

2262 (98.3)

209 (99.5)

2471 (98.4)

Yes

40 (1.7)

1 (0.5)

41 (1.6)

No

2050 (89.1)

202 (96.2)

2252 (89.6)

Yes

252 (10.9)

8 (3.8)

260 (10.4)

ART: Antiretroviral therapy; CD4: Cluster of Differentiation 4; CI: Confidence Interval; HR: Hazard Ratio;
HIV: Human Immunodeficiency Virus; IPT: Isoniazid Preventive Therapy; TB: Tuberculosis; VCT: Voluntary
(HIV) Testing and Counseling; WHO: World Health Organization.

103

Chapter 4

S2. Table. Time-dependent Cox regression model fitting the effect of IPT and ART on
composite outcome in patients enrolled in to St. Paul hospital HIV cohort after 2011
Covariates

Unadjusted HR
(95% CI)

Adjusted HR
(95% CI)

IPT

Yes

1.13 (0.58, 2.19)

1.02 (0.45, 2.32)

ART

Yes

1.02 (0.69, 1.53)

0.62 (0.36, 1.08)

Cotrimoxazole

Yes

1.02 (0.68, 1.53)

1.32 (0.92, 1.90)

Functional status

WHO HIV disease stage

Gender

1

1

Bedridden

Ambulatory

1.38 (1.01, 1.88)

0.88 (0.58, 1.32)

Working

0.29 (0.22, 0.38)

0.41 (0.31, 0.56)

Stage I

1

1

Stage II

1.53 (0.80, 2.91)

1.50 (0.73, 3.10)

Stage III

2.60 (1.48, 4.59)

1.84 (0.95, 3.56)

Stage IV

4.95 (2.78, 8.81)

2.29 (1.14, 4.61)

Female

1

1

1.63 (1.30, 2.05)

1.50 (1.13, 1.99)

Male
Age groups

CD4 group

Body weight

15 – 25 years

1

1

26 – 29 years

1.03 (0.64, 1.65)

1.16 (0.69, 1.96)

30 – 34 years

1.12 (0.73, 1.75)

1.01 (0.61, 1.66)

35 – 39 years

1.31 (0.85, 2.03)

1.07 (0.66, 1.76)

40 – 99 years

1.59 (1.05, 2.41)

1.28 (0.79, 2.07)

1

1

3

100 – 199 cells/mm

0.39 (0.30, 0.53)

0.53 (0.39, 0.72)

3

200 - 349 cells/mm

0.24 (0.16, 0.38)

0.31 (0.19, 0.53)

350 + cells/mm3

0.45 (0.21, 0.95)

0.65 (0.28, 1.48)

0 – 99 cells/mm3

< = 50 Kgs.

1

1

50-74 Kgs

0.53 (0.41, 0.68)

0.61 (0.45, 0.81)

75 + Kgs.

0.41 (0.19, 0.87)

0.56 (0.24, 1.29)

ART: Antiretroviral therapy; CD4: Cluster of Differentiation 4; CI: Confidence Interval; HR: Hazard
Ratio; HIV: Human Immunodeficiency Virus; TB: Tuberculosis; VCT: Voluntary (HIV) Testing and
Counseling; WHO: World Health Organization.
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S3. Table: Cause specific and sub-distribution hazard ratios in patients enrolled in
to St, Paul hospital HIV cohort from January 2007 to May 2014
Covariates

TB CSHR (95%
CI)

All-cause mortality
CSHR (95% CI)

Sub-distribution
HR (95% CI)

IPT

Yes

0.78 (0.18, 3.36)

1.27 (0.65, 2.48)

0.83 (0.19, 3.57)

ART

Yes

0.44 (0.17, 1.14)

0.91 (0.58, 1.43)

0.45 (0.18, 1.14)

Cotrimoxazole

Yes

0.27 (0.13, 0.55)

1.04 (0.77, 1.40)

0.29 (0.14, 0.58)

Functional
status

1

1

1

Bedridden

1.49 (0.42, 5.23)

1.45 (1.04, 2.01)

1.26 (0.35, 4.46)

Working

1.57 (0.69, 3.57)

0.38 (0.29, 0.50)

1.79 (0.78, 4.09)

1

1

1

WHO HIV
disease stage

Gender

Ambulatory

Stage I
Stage II

0.14 (0.02, 1.27)

1.95 (0.86, 4.42)

0.14 (0.02, 1.26)

Stage III

0.96 (0.31, 2.98)

2.41 (1.17, 5.42)

0.94 (0.30, 2.92)

Stage IV

1.94 (0.56, 6.72)

2.39 (1.08, 5.34)

1.89 (0.55, 6.51)

Female

1

1

1

1.23 (0.61, 2.52)

1.53 (1.20, 1.94)

1.21 (0.59, 2.46)

Male
Age groups

CD4 count
(cells/mm3)

Body weight

15 – 25 years

1

1

1

26 – 29 years

1.15 (0.32, 4.17)

1.06 (0.68, 1.67)

1.15 (0.32, 4.13)

30 – 34 years

0.90 (0.25, 3.17)

1.05 (0.69, 1.61)

0..90 (0.25, 3.20)

35 – 39 years

1.42 (0.43, 4.72)

0.99 (0.64, 1.52)

1.42 (0.43, 4.76)

40 – 99 years

1.37 (0.41, 4.53)

1.25 (0.83, 1.90)

1.34 (0.40, 4.45)

1

1

1

0.49 (0.23, 1.07)

0.53 (0.40, 0.69)

0.56 (0.26, 1.22)

200 - 349

0.27 (0.10, 0.74)

0.37 (0.25, 0.56)

0.33 (0.12, 0.88)

350 +

0.59 (0.13, 2.69)

0.70 (0.33, 1.50)

0.69 (0.15, 3.14)

0 – 99
100 – 199

< = 50 Kgs.

1

1

1

50-74 Kgs

0.73 (0.36, 1.47)

0.57 (0.44, 0.73)

0.76 (0.38, 1.52)

75 + Kgs.

0.87 (0.19, 4.10)

0.62 (0.31, 1.33)

0.87 (0.19, 4.08)

ART: Antiretroviral therapy; CD4: Cluster of Differentiation 4; CHHR: Cause-Specific Hazard Ratio; CI: Confidence Interval; HR: Hazard Ratio; HIV: Human Immunodeficiency Virus; TB: Tuberculosis; VCT: Voluntary (HIV) Testing and Counseling; WHO: World Health Organization.
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Summary
Background: Isoniazid preventive therapy (IPT) is efficacious in prevention of latent tuberculosis (TB) reactivation in human patients with immunodeficiency virus
(HIV). The additional benefit of IPT in reducing risk of HIV disease progression has
not yet been determined in routine clinical settings. This study aims to describe HIV
disease progression in relation to IPT and antiretroviral therapy (ART) in routine
clinical practice.
Method: A descriptive study was conducted in the chronic care unit of St Paul hospital millennium medical college from September 2007 to May 2014. Adult HIV
infected individuals who were in an early stage of HIV disease and had follow-up
information were included. HIV disease progression was defined as a composite of
HIV disease stage advancement to World Health Organization (WHO) HIV disease
stage IV, development of TB or all-cause mortality. The following therapies were
included in the analysis: IPT, ART and cotrimoxazole prophylaxis.
Results: Seven hundred seventy one patients were included in the final analysis. The
median follow-up period of the cohort was 867days with 1963 person years (PY)
in total. The overall rate of progression to stage IV of HIV disease was 3.2 per 100
PYs, the rate for TB development was 0.5 per 100 PYs, the rate of all-cause mortality was 1.7 per 100 PYs, and the composite outcome occurred in 5.3 per 100 PYs.
Patients who received IPT had a lower risk of developing the composite outcome
(1%) compared to patients who did not IPT (14.3%). Gender, baseline HIV disease
stage, and baseline WHO functional status were factors closely related with composite outcome of HIV disease progression.
Conclusion: In this descriptive study, patients who received IPT had lower rates of
HIV disease progression. Large studies are needed to confirm this finding. Factors
closely related to HIV disease progression were gender, baseline WHO HIV disease
stage, and WHO functional status. Etiologic association of these factors should be
further investigated.
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Background
The burden of tuberculosis (TB) in low-income countries is considerable and the
syndemic with human immunodeficiency virus (HIV) further worsens the global
TB-HIV disease burden.1,2 In 2014, a total of 9.6 million people developed TB
resulting in1.5 million deaths, a third of which were attributed to HIV co-infection.3
About 90% of people co-infected with TB and HIV live in sub-Saharan Africa
(SSA).3
The World Health Organization (WHO) recommends the three I’s strategy which
includes isoniazid preventive therapy (IPT), infection prevention and intensified TB
case finding to prevent reactivation of latent TB in HIV patients.4–6 IPT reduces the
risk of TB in non-HIV infected persons7 and a number of observational studies8,9 and
clinical trials10,11 reported that IPT also reduces the risk of TB in HIV infected persons. A recent clinical trial12 and several observational studies13–15 reported that combination therapy with IPT and ART reduces the risk of TB in HIV infected persons.16
IPT, however, was found to have a smaller effect in reduction of all-cause mortality
in HIV infected people.17,18 Also in a setting of ART use, IPT did not significantly
lower all-cause mortality in comparison to IPT naïve participants.12 Furthermore,
in the recent TEMPRANO trial,19 the benefit of early combination therapies on reduction of all-cause mortality was not statistically significant. Regarding the effect
of IPT on HIV disease progression, data is similarly mixed. Previous clinical trials
reported that IPT did not reduce risk of HIV disease progression.20–22 although, in
contrast, a Haitian study found that in tuberculin skin test (TST) positive people,
IPT reduced the risk of advanced HIV disease events in comparison to placebo.20
In addition, the recent TEMPRANO trial showed that IPT reduced the risk of advanced AIDS-defining illnesses in comparison to no IPT.19 This conflicting evidence
might emanate from differences in the intervention implemented and outcome definitions used.
The effect of IPT on HIV disease progression in a routine clinical care setting has
not been determined. This study aims to describe the use of IPT and HIV disease
progression in a routine clinical practice in a resource-limited setting.
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Methods
Setting
This descriptive study was conducted in a cohort of HIV patients in St. Paul Hospital millennium medical college chronic care unit in Ethiopia. Ethiopia implemented
the WHO ART guideline in 200523 and adopted the collaborative TB/HIVIPT-guideline in 200724,25 and revised both based on WHO recommendation.4,26
Study population and design
All patients who have been treated in HIV/AIDS continuum of care between January 2007 and May 2014 were eligible for inclusion. Patients aged less than 15 years,
patients who did not have baseline and/or any follow-up information, patients who
were in stage IV of HIV disease according to WHO AIDS staging criteria or had
a CD4 cell count of less than 200 cells/mm3 at enrolment were excluded from the
study.
Ethical clearance was obtained from Dilla University, college of Health Sciences
and Medicine and St. Paul hospital millennium medical college research and dissemination office ethical review boards.
Outcome
HIV disease progression was the primary outcome of interest and it was a composite
of active TB disease, all-cause mortality or development of an advanced stage of
HIV, whichever occurred first. Patients were considered to have progressed to an
advanced stage of HIV infection if their WHO stage changed to stage IV (regardless
of their HIV stage at baseline) or if their CD4 count dropped to less than 200 cells/
mm3 at any moment during follow-up time, regardless of ART treatment. The date
of death was determined by review of hospital clinical charts or interview of the
relatives. Patients were censored if they did not encounter the outcome, if they were
lost to follow up or if they were alive at the end of the study (May 2014).
Exposures and factors
IPT, ART and cotrimoxazole prophylaxis were treatment factors in this study. All
were initiated according to the routine clinical care practice in the hospital and were
provided free of charge. All HIV patients without current TB or a previous history
of TB were eligible for a course of IPT (300mg daily for six months) irrespective
of their TST test result. Screening criteria to determine IPT eligibility were revised according the WHO recommendation and included symptomatic ruling out of
pre-existing TB (current cough, night sweats, weight loss, and fever).27According
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to the national ART guidelines, patients were eligible for ART when they developed
more advanced HIV disease (WHO stage III or higher) or had CD4 counts less than
200 cells/mm.28 Cotrimoxazole prophylaxis was initiated when patients developed
stage II of HIV disease based on the same ART guideline.29
Data collection
Nurses and data clerks extracted information on patients’ characteristics, severity of diseases, treatments and outcomes from patients’ clinical charts, laboratory
logbooks, and the ART database, with verification of accuracy in random samples.
Anonymized data were entered in to EpiData template version 3.0 (EpiData association, Odense, Denmark). Baseline variables included age, sex, source of entry
into the cohort, ART, cotrimoxazole prophylaxis, WHO HIV disease stage, WHO
functional status, CD4 count and body weight. Patients were followed-up every
two months for refilling of ART and cotrimoxazole prophylaxis. Every six months,
WHO HIV disease stage and CD4-count were determined.
Statistical analysis
Data integrity was assessed and descriptive statistics were generated. The rates of
TB, all-cause mortality and HIV disease progression were computed from baseline
to the 72nd month of follow-up and were estimated within different combination
therapies. Formal regression analysis could not be carried out due to lack of power.
The level of significance was taken at p ≤0.05 and analysis was conducted in SPSS
version 21.

Results
Out of 5373 patients enrolled in the comprehensive chronic care follow-up program
since 2007, 771 patients were included in the final analysis. Patients were excluded
for the following reasons; no baseline information (n=54) or any follow-up information (n=1777), stage IV of HIV disease (n=585) at baseline, or a CD4 count less
than 200 cells/mm3 at entry to the cohort (n=2186). (Figure 1)
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Figure 1. A schematic presentation of participants included in to the final analysis
in a cohort of HIV patients in St. Paul hospital millennium medical college from
September 2007 to May 2014
About 487 participants were women (63.2%) and had mean age of 34 years.
At enrolment, 534 of the patients were at stage III of HIV disease (69.3%) and at
working functional status (77.3%) according to WHO definition. Six hundreds and
nine participants (89.3%) had a CD4 count ranging from 200-349 cells/mm3 with
a mean CD4 count of 287 cells/mm3. Mean body weight was 56 kilograms. Two
hundreds and five participants were lost to follow-up during the study period, and
463 participants were censored alive at the end of the study. (Table 1)
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Table 1. The characteristics of participants receiving IPT and those not receiving
IPT in the HIV cohort of St. Paul hospital millennium medical college
Covariates
Gender

Age

No IPT (n=711)
No. (%)

IPT (n=60)
No. (%)

Total (n=771)
No. (%)

Male

265 (37.3)

19 (31.7)

284 (36.8)

15-25 years

116 (16.3)

8(13.3)

124 (16.1)

26-29 years

126 (17.7)

13 (21.7)

139 (18.0)

30-34 years

154 (21.7)

9 (15.0)

163 (21.1)

35-39 years

130 (18.3)

7 (11.7)

137 (17.8)

40-99 years

185 (26.0)

23 (38.3)

208 (27.0)

Yes

120 (16.9)

10 (16.7)

130 (16.9)

ART (baseline)

Yes

203 (28.6)

16 (26.7)

219 (28.4)

WHO HIV disease stage
(baseline)

Stage I

86 (12.1)

2(3.3)

88 (11.4)

Stage II

138 (19.4)

11 (18.3)

149 (19.3)

Stage III

487 (68.5)

47 (78.3)

534 (69.3)

Ambulatory

133(19.2)

11 (19.6)

144 (19.3)

25 (3.6)

1 (1.8)

26 (3.5)

Working

534 (77.2)

44 (78.6)

578 (77.3)

Missing

19 (2.7)

4 (6.7)

88 (3.0)

Cotrimoxazole (baseline)

WHO HIV functional status
(baseline)

Bedridden

Referred from the same
hospital

Yes

270 (38.0)

24 (40)

294 (38.2)

CD4 count (baseline),

200-349

557 (89.1)

52 (91.2)

609 (89.3)

cells/mm3

350+

68 (10.9)

5 (8.8)

73 (10.7)

missing

86 (12.1)

3 (5.0)

89 (11.5)

Body weight (baseline), kgs

Outcomes

<= 50

237 (36.0)

18 (33.3)

255 (35.8)

51-74

380 (57.7)

33 (61.1)

413 (57.9)

75+

42 (6.4)

3 (0.4)

45 (6.3)

missing

52 (7.3)

6 (10)

58 (7.5)

TB

9 (1.3)

0 (0)

9 (1.2)

Death

34 (4.8)

0 (0)

34 (4.4)

HIV dis. prog.

61 (8.6)

1 (1.7)

62 (8.0)

102 (14.3)

1(1.7)

103 (13.4)

Composite outcome

ART: Antiretro Viral therapy; HIV: Human Immunodeficiency Virus; IPT: Isoniazid Preventive Therapy; TB:
Tuberculosis; WHO: World Health Organization
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436 (240)

372 (201)

299 (170)

241 (134)

199 (110)

156 (92)

78 (60)

2 (13)

0 (0.3)

24th month

30 month

36th month

42 month

48th month

54th month

60 month

66th month

72nd month and
beyond

Total

th

nd

771 (1963)

515 (274)

18th month

th

573 (306)

12th month

771 (0)

651 (364)

Baseline (at t=0)

6th month

Total participants on
follow up
n (PYs)

Follow up time

60

0

1

7

8

6

5

6

5

4

7

7

3

1

IPT
Started

756

0

0

0

1

1

3

8

8

13

19

44

440

219

ART
started

489

0

0

1

0

0

1

5

4

11

10

34

293

130

Cotrimoxazole
started

9 (0.5)

0 (0)

0 (0)

1 (1.7

2 (2.2)

2 (1.8)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

1 (0.3)

3 (0.8)

0

TB
Diagnosed
n (Per 100
PYs)

34 (1.7)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

1 (0.7)

1 (0.6)

2 (1.0)

4 (1.7)

4 (1.5)

5 (1.6)

17 (4.7)

0

Death
Reported
n (per 100
PYs)

62 (3.2)

0 (0)

0 (0)

1 (1.7)

6 (6.5)

2 (1.8)

4 (3.0)

3 (1.8)

0 (0)

6 (2.5)

10 (3.6)

10 (3.3)

20 (5.5)

0

HIV dis.
Pro.

103 (5.3)

0 (0)

1 (7.9)

4 (6.7)

6 (6.5)

2 (1.8)

5 (3.7)

4 (2.4)

2 (1.0)

11 (4.6)

14 (5.1)

16 (5.2)

38 (10.5)

0

Composite
outcome

205

2

17

24

10

10

16

25

12

20

12

26

31

0

Lost to
follow
up

Table 2. Follow up information of participants in St. Paul hospital millennium medical college HIV cohort

463

0

58

50

27

30

37

44

50

48

32

36

51

0

Censored
alive
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The median follow-up period of the cohort was 867 days with a total of 1963 person
years (PYs). During the follow-up period 1.2% (n=9) developed TB, 4.4% (n=34)
died, 8% (n=62) developed advanced stage IV HIV disease, and overall13.4%
(n=103) had the composite outcome. Hence, overall incidence of TB was 0.5 per
100 PYs, all-cause mortality was 1.7 per 100 PYs, HIV disease stage change was
3.2 per 100 PYs and the composite of HIV disease progression was 5.3 per 100 PYs.
The rate of all-cause mortality was high in the first six months of follow-up (4.7 per
100 per PYs) and decreased thereafter. The rate of HIV disease stage change was
similarly higher during the first part of follow up. (Table 2).
With regard to treatments, 219 (28.4%) of the participants were initiated on ART at
baseline and 130 received cotrimoxazole prophylaxis (16.9%) at baseline, respectively. During follow-up, sixty patients (7.8%) received IPT, a total of 756 (98.0%)
patients received ART and 489 (63.4%) patients received cotrimoxazole prophylaxis. The majority of patients were initiated on ART and cotrimoxazole in the first
Table 3. Incidence density rates, within exposure categories in St Paul hospital
millennium medical college HIV cohort
Exposure status

Person
Years

TB n(per 100
PYs)

Death n(per
100 PYs)

HIV Disease
Progression
n(per 100 PYs)

Composite
n(per 100 PYs)

No ART, no IPT, &
no cotrimoxazole

158

0 (0)

0 (0)

5 (3.2)

5 (3.2)

No ART, no IPT, &
cotrimoxazole

21

0 (0)

0 (0)

0 (0)

0 (0)

No ART, IPT,
no cotrimoxazole

3

0 (0)

0 (0)

0 (0)

0 (0)

No ART, IPT &
cotrimoxazole

1

0 (0)

0 (0)

0 (0)

0 (0)

ART, no IPT, &
no cotrimoxazole,

642

3 (0.5)

14 (2.2)

13 (2.0)

29 (4.5)

ART, IPT, &
no cotrimoxazole,

24

0 (0)

0 (0)

1 (4.2)

1 (4.2)

1076

6 (0.6)

20 (1.9)

43 (4.0)

68 (6.3)

38

0 (0)

0 (0)

0 (0)

0 (0)

1963

9 (0.5)

34 (1.7)

62 (3.2)

103 (5.2)

ART, no IPT, &
cotrimoxazole
ART, IPT, &
cotrimoxazole
Total

ART: Antiretro Viral therapy; HIV: Human Immunodeficiency Virus; IPT: Isoniazid Preventive Therapy; TB:
Tuberculosis; WHO: World Health Organization
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Table 4. The distribution of demographic and clinical factors across composite end
points
Characteristics

IPT use(throughout follow-up)
ART at baseline
Cotrimoxazole at baseline
Gender
Age

Body weight

Composite outcome of HIV disease
progression

Total
[n=771]

No [n=668]

Yes [n=103]

No

609 (85.7)

102 (14.4)

711

Yes

59 (98.3)

1 (1.7)

60

No

475 (86.1)

77 (14)

552

Yes

193 (88.1)

26 (11.8)

219

No

556 (86.7)

85 (13.3)

641

Yes

112 (86.2)

18 (13.8)

130

Female

432 (88.7)

55 (11.3)

487

Male

236 (83.1)

48 (16.9)

284

15-25 years

111 (89.5)

13 (10.5)

124

26-29 years

128 (92.1)

11 (7.9)

139

30-34 years

137 (84.1)

26 (15.9)

163

35-39 years

112 (81.8)

25 (18.2)

137

>=40 years

180 (86.5)

28 (13.5)

208

<50 kgs.

217 (85.1)

38 (14.9)

255

51-74 kgs.

368 (89.1)

45 (10.9)

413

>=75 kgs.

39 (86.7)

6 (13.3)

45

From the same
hospital

255 (86.7)

39 (13.3)

294

Other health
institutions

413 (86.6)

64 (13.4)

477

CD4 count, baseline

200-349

537 (88.2)

72 (11.8)

609

(cells/mm3)

>=350

62 (84.9)

11 (15.1)

73

WHO functional status

Ambulatory

111 (77.1)

33 (22.9)

144

Bedridden

16 (61.5)

10 (38.5)

26

Working

524 (90.7)

54 (9.3)

578

Stage I

84 (95.5)

4 (4.6)

88

Stage II

131 (87.9)

18 (12.1)

149

Stage III

453 (84.8)

81 (15.2)

534

Referral from

WHO HIV disease stage
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six months, whereas the introduction of IPT occurred throughout follow-up. The
incidence of HIV disease progression was higher in patients who were treated with
ART and cotrimoxazole (6.2 per 100 PYs), treated with ART alone (4.4 per 100
PYs) and treated with neither of the three therapies (3.1 per 100 PYs) in comparison
to other exposure categories. (Table 3)
Among the 60 patients (7.8%) who received IPT, only 1.7% (n=1) developed the
composite outcome in comparison to 14.4% who did not receive IPT (table 4).When
comparing patients receiving ART at baseline, 12% (n=26) developed the composite
outcome in comparison to those not receiving ART (14%, n=77). From the descriptive data, males seemed to develop the composite HIV disease progression outcome
more frequently (n = 48, 16.9%) than their female counterparts (n = 55, 11.3%).
Other predisposing factors were lower body weight and being bedridden at baseline.
With regard to the WHO HIV disease stage at baseline, participants at stage III were
more likely to develop the composite outcome in comparison to participants in early
disease stages.

Discussion
This study described the progression of HIV disease in an Ethiopian HIV cohort receiving routine care, and focused on patients in an early stage of disease. The overall
rate of progression to the composite outcome of HIV disease progression was 5.3
per 100 PYs. Only a single patient receiving IPT developed the composite outcome
(1%) in comparison to in 102 patients not receiving IPT (14.4%). Strikingly however, only 60 of the 771 potentially eligible patients received IPT, and confounding
by indication or other sources could not be corrected for in this descriptive analysis.
The findings of this study are in line with other studies that showed a lower risk
of HIV disease progression in TST positive individuals after IPT use compared to
placebo.30 A recently conducted clinical trial in Côte d’Ivoire showed that IPT reduced the risk of advanced AIDS-defining illnesses in comparison to no IPT.19 In the
present study, the proportion of ART treatment at baseline was not different in persons that did and did not develop the composite outcome, however it must be noted
that many patients were started on ART within the first 6 months after enrolment.
Although the small sample size available and the observational nature of the data
precluded strong conclusion about the benefit of IPT, this descriptive comparison
showed that patients who used IPT seemed to have a risk of TB, HIV disease progression or all-cause mortality. The efficacy of IPT on TB prevention has been ex-
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tensively reported in observational and clinical trials.17,18,31,32 It is likely that IPT
reduces the risk of TB disease that meets the criteria for advanced stage (progression) of HIV disease.33 Whether IPT and resulting TB prevention influences other
life-threatening and AIDS-defining illnesses remains to be determined. Studies have
shown that TB disease was associated with increases in viral load, which could in
turn compromise cellular immunity and result in advanced AIDS defining (opportunistic) infections or illnesses.34–36 Other recent studies conducted in high TB burden
countries showed that high viral load associated with TB do not decline after TB
treatment.37 It is not clear if a high viral load precedes TB as a risk factor, rather than
being a consequences of TB development.38
Surprisingly, ART and cotrimoxazole at baseline seemed to increased hazard of HIV
disease progression in comparison to patients who did not use ART nor use cotrimoxazole at enrolment. This may be due to the small sample size available to detect
the true effect of ART and cotrimoxazole on HIV disease progression as well as
confounding by indication, where more severely ill patients are more likely to receive treatment. In addition, the large number of patients who were in advanced HIV
disease stages at enrolment (and were thus excluded) and the rapid progression to
ART initiation or advanced disease suggests that patients enrolled in the HIV treatment programs relatively late in their course of disease. This may have diminished
the potential efficacy of IPT, ART and cotrimoxazole treatments.
This study has several limitations. First, due to the modest sample size, the low uptake
of IPT and the lack of information on confounders that may determine the likelihood
of receiving IPT, there was not enough power to detect the effect IPT on HIV disease
progression and formal regression modelling was not possible. Second, not only did
a mere 8% of HIV patients receive IPT, the mean start date of IPT was in the late in
the course of HIV disease and IPT is proven to be more efficacious if it is used at the
earliest stage of HIV disease.16 Finally, 1777 patients did not have any follow-up information beyond their initial clinic visit and 205 were lost to follow-up in the study.
Those patients with who did not have follow-up information were in an earlier stage
of HIV disease at enrolment to the cohort compared to included patients. However,
the baseline characteristics of lost to follow-up patients in the remaining participants
were statistically not significantly different from those who were not lost to follow-up.
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Conclusion
Patients receiving IPT were less likely to develop HIV disease progression,
although it is not possible to draw strong conclusions about the effect of IPT on
HIV disease progression in this descriptive, uncontrolled study with small sample
size. Further observational studies with large sample size, recruitment of patients in
an early stage of HIV infection and information on factors determining treatment
initiation are needed to quantify this association. Factors closely related to HIV
disease progression are gender, WHO HIV disease stage, functional status at baseline although the etiologic nature of these associations should be further investigated.
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Summary
Background: Isoniazid preventive therapy (IPT) reduces the risk of tuberculosis
(TB) in human immunodeficiency virus (HIV) infected people. The concern of isoniazid resistance development hampers widespread implementation of IPT. This
study aimed to describe the demographic, clinical, and isoniazid exposure-related
characteristics of HIV infected patients treated for multi-drug resistant (MDR) TB,
or extensively drug-resistant (XDR) TB.
Methods: Case-series of HIV infected patients treated for MDR TB in a specialized
tuberculosis hospital in Ethiopia. Patients were included from March to July 2014.
Patients’ characteristics including demography, clinical features, isoniazid exposure, and previous history of TB are described.
Results: Of the 74 patients treated with an MDR-TB regimen, 38 had MDR TB
(51.4%), 20 had XDR TB (27%) and 16 had mono-resistant TB (21.6%). 46 patients (64.8%) had stage of III of HIV disease and 48 (66.7%) had an ambulatory
functional status. Sixty two patients (78.4%) had previous treatment with a first-line
anti-TB treatment regimen including isoniazid and rifampicin. Ten patients (13.5%)
had used IPT before they were initiated on MDR TB treatment.Seven patients
(24.1%) had suboptimal level of HIV related knowledge. After 18 months of follow
up, 34 patients were cured and 10 patients were still in the course of treatment.
Conclusion: In a hospital in Ethiopia, 58 of 74 (75%) patients treated with and MDRTB regimen had microbiological evidence of MDR or XDR-TB, and 62 (75%) had
previously been exposed to isoniazid as part of first-line treatment. Further study
should investigate the association between (isolated) isoniazid exposure, previous
history and treatment of TB and the development of MDR TB in HIV patients.
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Background
The global burden of Tuberculosis (TB) disease is high despite that is, in essence,
a treatable disease.1,2 The human immunodeficiency virus (HIV) epidemic has
changed the dynamics of tuberculosis infection3,4 and progression5,6 to active disease and appears to have a deadly syndemic relationship with multidrug-resistant
(MDR) TB.7–9 In low-income countries, cases of mono-resistant, MDR and extensively drug-resistant (XDR) tuberculosis have been increasing since 1990.10 MDR
TB is a disease caused by strains of Mycobacterium tuberculosis that are resistant to
at least isoniazid and rifampicin;10–12 whereasXDR TB is a disease caused by MDR
strains that are additionally resistant to treatment with any fluoroquinolone and at
least one of three injectable second line drugs.13 A recent systematic review and
meta-analysis has demonstrated that HIV co-infection increases the risk of MDR
TB.14
So as to prevent TB disease in HIV infected people, the World Health Organization
(WHO) recommends isoniazid preventive therapy (IPT) as the component of the
three I’s preventive intervention strategy.15 IPT consists of a 6 to12-month preventive treatment course with 600mg daily isoniazid mono-therapy, a first line agent in
treatment regimens for TB. However, despite the known efficacy of IPT in prevention of TB disease, there is skepticism among practitioners and decision makers
about MDR TB disease emergence in HIV infected people after IPT.16–20
Several mechanisms can lead to increased TB resistance following the widespread
adoption of IPT. First, failure to detect active TB in an individual before starting IPT
may lead to acquired resistance.21–24 Mutations occur, some of which cause resistance to isoniazid, and these are selected because of inadvertent isoniazid mono-therapy during active disease. Second, use of IPT during latency of a TB infection
may select for sporadically occurring isoniazid resistant strains.25,26 Lastly, community-wide use of IPT may confer a competitive advantage to circulating strains
of isoniazid-resistant mycobacterium strains by exerting selective pressure against
isoniazid-susceptible strains.27,28
The risk of MDR TB after use of IPT in people with HIV has not been determined as findings from prior studies were conflicting. An increased, statistically nonsignificant risk of MDR TB after IPT has been described previously29 and a recent
model-based study hypothesized that a community-wide IPT could theoretically
cause increasing level of MDR TB at a population level.30 Studies have provided
conflicting evidence, some findings show an increased risk of MDR TB31–33 and
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other showing a protective effect.34–36 In addition, the findings do not reflect the potential risk of MDR TB, after IPT use in the era of widespread ART uptake.
Isoniazid resistance, irrespective of multi-drug resistance, is a risk factor for failure
and relapse with first-line anti-TB treatment, that in turn is a spring board for development of multidrug-resistant (MDR) TB that requires prolonged treatment with
expensive and often toxic second-line anti-TB drugs.37 This particular study aimed
to describe characteristics of HIV patients treated with an MDR TB regimen and
their prior use of IPT or first-line anti-TB regimens including isoniazid.

Methods
Setting: The study was conducted in St. Peter’s general hospital in Ethiopia. The
hospital has been a leading centre for MDR TB treatment in Ethiopia. Ethiopia
adopted the WHO MDR TB treatment guideline in 2010.38
Participants study design: this descriptive case-series analysis included adult patients receiving treatment for MDR-TB who were infected by HIV before MDR TB
diagnosis. All patients enrolled in the treatment program between March and July
2014 were included. Ethical clearance was obtained from Dilla University College
of health and medical sciences and St. Peters general hospital ethical review board.
HIV status was confirmed by a serology test using two highly sensitive (Determine),
highly specific (Capilus) tests and the tie breaker (Unigold Test) based on the national HIV testing algorithms.39
MDR TB diagnosis: According to the national MDR TB treatment guideline the
following patients are initiated on a MDR-TB treatment program:38
- Confirmed MDR-TB cases with laboratory drug susceptibility test (DST) results;
- Suspected MDR-TB cases when patients do not have documented DST results
but the MDR-TB panel team recommends that the patient should receive MDRTB treatment, for example based on prior treatment failures.
Testing for MDR TB was performed by culture of sputum samples on a
Lowenstein-Jensen slope incubated at 37°C for 8 weeks. Positive cultures were
examined for drug sensitivity using the resistance ratio method40,41 or GenXpert.42
Mycobacterium tuberculosis can be classified as mono-resistant TB when it is resistant to one anti-tuberculosis drug; multidrug-resistance (MDR-TB) when there is resistance to at least isoniazid and rifampicin; or extensive drug-resistance
(XDR-TB) when a patient is infected by mycobacterium species resistant to any
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fluoroquinolone, and at least one of the three injectable second line drugs (SLD)
(capreomycin, kanamycin and amikacin), in addition to resistance to isoniazid and
rifampicin.43
MDR TB treatment: The preferred treatment strategy recommended for Ethiopia is
initiation on a standardized regimen followed by individualization whenever full
DST results and an expert to construct the individual regimen are available. The
standardized regimen includes ethambutol, pyrazinamide, capreomycin or kanamycin, levofloxacin, ethionamide, and cycloserine for the first eight months followed
by ethambutol, pyrazinamide, levofloxacin, ethionamide, and cycloserine for the
remaining 12 months.38,44
Data collection: Nurses and data clerks collected data from hospitalized patients and
patients presenting for outpatient visits. Additional data was extracted from the clinical charts and laboratory log books. Data was collected on prior isoniazid use (as
part of IPT or first line TB treatment), MDR TB contact history as well as clinical
and other socio-demographic characteristics of the patients.
Data analysis: Data was entered in to an Epidata template (Version 6, EpiData Association, Odense, Denmark) and analysed using SPSS version 21 (IBM, Armonk
NY). Frequencies, proportions, and differences were computed within MDR TB
categories. Findings are presented in table and figures. Absence of a proper control
population precluded formal regression analysis.
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Results
Socio-demography: A total of 74 patients with HIV infection and receiving treatment
for MDR TB disease were included in the analysis. The mean age of participants
was 36 years (range 15-65) and36 (49.3%) were female. The participants’ body
mass index (BMI) was 17.1 kg/m2 on average, ranging from 13-26 kg/m2. Sixty
two patients (79%) were employed and 44 (66.7%) were living in urban settings,
followed by semi-urban residents (n = 17%, 25.8). 35 of the participants (48.7%)
attained high school or college education, and the mean monthly income was 88.5
USD, ranging from 1-450.00 USD. (Table 1)
Table 1. Demographic and characteristic of HIV co-infected patients treated for
MDR-TB, stratified by resistance profile
Characteristics of patients
N (%)
Gender
Marital status
Occupation
Residence

Total
N = 74

Mono
resistant TB
N=16

MDR TB
N=38

XDR TB
N=20

Male

37 (50.7)

8 (50.0)

19 (50.0)

10 (52.6)

Female

36 (49.3)

8 (50.0)

19 (50.0)

9 (47.4)

Married

33 (45.8)

9 (56.3)

16 (44.4)

8 (40.0)

Not-married

41 (44.2)

7 (43.7)

22 (55.6)

12 (60.0)

Not-employed

12 (21.0)

3 (22.1)

5 (17.8)

4 (25.1)

Employed

62 (79.0)

13 (77.9)

33 (82.2)

16 (74.9)

Urban

44 (66.7)

10 (71.4)

22 (62.9)

12 (70.6)

Semi-urban

17 (25.8)

3 (21.4)

10 (28.6)

4 (23.5)

5 (7.6)

1 (7.1)

3 (8.6)

1 (5.9)
4 (20.0)

Rural
Education status

Unable to read and write

11 (15.3)

1 (6.3)

6 (16.7)

Primary and junior

28 (37.8)

6 (37.5)

14 (36.8)

8 (40)

Highschool and college

35 (48.7)

9 (56.3)

18 (50.0)

8 (40)

HIV related

Low

7 (24.1)

1 (14.3)

6 (33.3)

0 (0)

knowledge

Moderate

13 (44.8)

2 (28.6)

8 (44.4)

3 (75.0)

High

9 (31.0)

4 (57.1)

4 (22.2)

1 (25.0)

TB related

Low

17 (23.0)

4 (57.1)

11 (61.1)

2 (40.0)

knowledge

Medium

5 (6.8)

1 (14.3)

4 (22.2)

0 (0)

High

8 (10.8)

2 (28.6)

3 (16.7)

3 (60.0)

% of missing data for each variable: gender (1.4%), marital status (2.7%), occupational status (23%), residence
(10.8%), educational status (2.7%), HIV related knowledge (60.8%), and TB related knowledge (59.4%)
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Types of TB infection: Of the 74 patients treated with an MDR-TB regimen, 38 had
MDR TB (51.4%), 20 had XDR TB (27%) and 16 had mono-resistant TB (21.6%).
Overall resistances rates are presented in table 3.Ten patients previously received
IPT (13.5%) and 8 had a known MDR TB contact (10.8%) before MDR TB diagnosis (table 2).
Table 2. Clinical characteristics of MDR TB patients co-infected with HIV in St.
Peter general hospital in Ethiopia
Characteristics of patients
N (%)
MDR TB contact

No

Total
N = 74

Mono
resistant
TB N=16

MDR TB
N=38

XDR TB
N=20

66 (89.2)

13 (81.3)

36 (94.7)

17 (85.0)
3 (15.0)

Yes

8 (10.8)

3 (18.8)

2 (5.3)

IPT exposure

Yes

10 (13.5)

4 (25.0)

1 (2.6)

5 (25.0)

Comorbidities

No

56 (75.7)

14 (87.5)

25 (65.8)

17 (85.0)

Medical allergies
ART
HIV risk factors
(Pulmonary)MDR
TB diagnosis

WHO HIV disease
stage

WHO functional
status
Opportunistic
infections
Chest X-ray features
at treatment initiation

Yes

18 (24.3)

2 (12.5)

313 (34.2)

3 (15.0)

No

68 (91.9)

15 (93.8)

36 (94.7)

17 (85.0)

Yes

6 (5.3)

1 (6.3)

2 (5.3)

3 (15.0)

No

9 (12.2)

1 (6.3)

4 (10.5)

4 (20.0)

Yes

65 (87.8)

15 (93.8)

34 (89.5)

16 (80.0)

No

3 (4.1)

2 92.7)

1 (2.6)

0 (0)

Yes

71 (95.9)

14 (87.5)

37 (97.4)

20 (100.0)

Smear +ve &Culture
positive TB

55 (87.3)

9 (81.8)

29 (85.3)

17 (94.4)

Smear -ve &Culture
positive TB

6 (9.5)

2 (18.2)

1 (5.6)

3 (8.8)

Culture negative

2 (3.2)

0 (0)

0 (0)

2 (5.9)

Stage I

3 (4.2)

1 (6.3)

1 (2.8)

1 (5.3)

Stage II

4 (5.6)

1 (6.3)

2 (5.6)

1 (5.3)

Stage III

46 (64.8)

8 (50.0)

24 (66.7)

14 (73.7)

Stage IV

18 (25.4)

6 (37.5)

9 (25.0)

3 (15.8)

Ambulatory

48 (66.7)

11 (73.3)

26 (70.3)

11 (55.0)

Bedridden

14 (19.4)

2 (13.3)

8 (21.6)

4 (20.0)

Working

10 (13.9)

2 (13.3)

3 (8.1)

5 (25.0)

No

52 (73.2)

12 (75.0)

13 (68.4)

27 (75.0)

Yes

19 (26.8)

4 (25.0)

9 (25.0)

6 (31.6)

Unilateral infiltrate

7 (12.5)

1 (8.3)

4 (12.5)

2 (16.7)

Bilateral infiltrate

32 (57.1)

9 (75.0)

17 (53.1)

6 (50.0)

Bilateral cavity

11 (19.6)

2 (16.7)

8 (25.0)

1 (8.3)

Unilateral cavity

4 (7.1)

0 (0)

2 (6.2)

2 (16.7)
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Clinical characteristics: The clinical characteristics of patients treated for MDR TB
are presented in table 2. 48 patients (66.7%) were on ambulatory status as defined
by the WHO and had stage three of HIV disease stage (64.8%) at baseline. The
participants had CD4 cell counts of 253 cells/mm3 on average, ranging from 8-3390
cells/dl. Most of the patients (87.8%) had received ART for some time. 19 patients
(26.5%) had encountered opportunistic infections other than TB before they started
MDR TB treatment. Fifty-three were smear positive in AFB analysis and culture
positive for drug resistant mycobacterium. Three patients had extra-pulmonary TB
and sixteen had second line susceptibility testing performed. Characteristics of patients treated for MDR, XDR or mono-resistant TB did not differ much which the
exception of functional status and HIV disease stage (table 2).
Table 3. Drug susceptibility test of DR TB patients with HIV co-infection in St. Peter
general hospital in Ethiopia
N(%)

MDR TB N=38

XDR TB
N=20

Mono resistant
TB N=16

Total
N=74

Isoniazid

38 (51.4)

Rifampicin

34 (89.5)

20 (27.0)

0 (0)

58 (78.4)

19 (95.0)

16 (100)

Ethambutol

69 (93.2)

8 (21.1)

13 (65.0)

0 (0)

21 (28.4)

Pyrazinamide

0 (0)

6 (30.0)

0 (0)

6 (8.1)

Streptomycin

6 (15.8)

1 (5.0)

0 (0)

7 (9.5)

Thiacetazone

1 (2.6)

6 (30.0)

0 (0)

7 (9.5)

Anti-TB treatment history: Most patients had received anti-TB treatment before they
were initiated on MDR TB treatment. Sixty two-patients (78.4%) were treated with
a first line (category I) regimen consisting of isoniazid, rifampicin, pyrazinamide,
and ethambutol for the first eight weeks followed by isoniazid and rifampicin for the
remaining sixteen weeks. Most of these patients were diagnosed by sputum smear
analysis (63.5%) and 39 (52.7%) were successfully cured at the end of directly observed therapy.
Forty-eight patients received retreatment received retreatment because of initial treatment failure, defaulting of treatment or relapse. This second-line regimen consisted of isoniazid, rifampicin, pyrazinamide, ethambutol, and streptomycin for the
first eight weeks; isoniazid, rifampicin, pyrazinamide, and ethambutol for the next
four weeks; and isoniazid, rifampicin, and ethambutol for the remaining five weeks.
35 of these retreated patients were diagnosed by sputum smear (AFB) analysis or
by clinical assessment. Thirteen of them were successfully cured and 35 patients
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had treatment failure at the end of directly observed therapy. After the retreatment,
23 patients had a third episode of anti-TB treatment, however most of patients’
treatment outcome was unsuccessful (n=20). And finally, six patients received a
fourth episode of TB treatment without treatment success and they were transferred
to MDR TB treatment after clinical panel decision. (Table 4)
Outcomes: After 18 months of MDR TB treatment, 34 were successfully cured,
3 patients had treatment failure and 7 patients were still on the treatment follow
up during data collection and had negative culture result in the last assessment.
The treatment outcome of 30 patients is unknown due to loss to follow up or non-TB
related all-cause mortality.
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35 (47.3)

20 (27.0)

5 (6.8)

2nd TB
treatment

3rd TB
treatment

4th TB
treatment

0 (0)

0 (0)

2 (2.7)

0 (0)

Culture
N(%)

0 (0)

1 (1.4)

2 (2.7)

12 (16.2)

GeneXpert
N(%)

1 (1.4)

2 (2.7)

9 (12.2)

2 (2.7)

Clinical
N(%)

Mode of diagnosis
N=74

6 (8.1)

23 (31.1)

48 (64.9)

61 (82.4)

Total
N(%)

0 (0)

1 (1.4)

12 (16.2)

58 (78.4)

I*
N(%)

3 (4.1)

20 (27.0)

33 (44.6)

2 (2.7)

II**
N(%)

2 (2.7)

2 (2.7)

1 (1.4)

0 (0)

III
N(%)

1 (1.4)

0 (0)

2 (2.7)

2 (2.7)

Other***
N(%)

Treatment regimen

6 (8.1)

23 (31.1)

48 (64.9)

62 (83.8)

Total
N(%)

1 (1.4)

3 (4.1)

13 (17.6)

39 (52.7)

Cured
N(%)

5 (6.8)

20 (27.0)

35 (47.3)

23 (31.1)

Failed
N(%)

6 (8.1)

20 (31.1)

48 (63.3)

62 (83.8)

Total
N(%)

Treatment outcome

*Category I: isoniazid, rifampicin, pyrazinamide and ethambutol for 8 weeks and isoniazid and rifampicin for the remaining for 16 weeks.
**Category II: isoniazid, rifampicin, pyrazinamide, ethambutol and streptomycin for 8 weeks; isoniazid, rifampicin, pyrazinamide, and ethambutol for four weeks; and
isoniazid, rifampicin,and ethambutol for the remaining for 16 weeks.
***Other:
Category I or II with changes of drug if there is drug to drug reaction with antiretroviral therapy.

47 (63.5)

Smear
N(%)

1st TB
treatment

TB
treatment
round

Table 4. Previous history of TB before MDR TB in people co-infected with HIV in St. Peter general hospital in Ethiopia
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Discussion
This study describes the clinical profile of patients treated for MDR TB and infected
with HIV, and their prior exposure to isoniazid and IPT in particular. Of the patients
enrolled in the MDR treatment program(n=74),half had confirmed MDR TB and
a quarter of them were XDR TB patients. Ten patients (13.5%) received isolated
isoniazid as part of IPT prior to a treatment for MDR TB,58 received prior treatment
for TB containing isoniazid and 8 had known MDR TB contact. Most of the patients
were on advanced stage (stage III) of HIV disease at baseline. This finding is in line
with previous studies that have shown that low CD4 cell counts is a risk factor for
MDR TB disease.7,56,57
A prior meta-analysis46 and observational studies35,47–50 have shown that previous
history of TB is one of the main risk factors of MDR TB in people co-infected
with HIV. Another study found that MDR TB in general population was 20% in
patients who had prior treatment of anti-TB.7 Previous studies have reported that
IPT can lead to isoniazid resistance when it is given to patients with undiagnosed
or non-latent TB disease.22,23,51,52 This potential risk of isoniazid resistant TB disease
can be prevented by proper screening of candidate patients.53 Anothermechanismof
resistance development is through selection of isoniazid resistant mutants arising
in the bacterial population during latency.25,26 Prior systematic reviews and metaanalysis of clinical trials assessing the effect of IPT showed that an elevated yet statistically non-significant increased risk of MDR TB after IPT use.45,54 In the present
study, prior IPT does not seem to contribute greatly to development of resistance in
individuals, although it cannot be excluded. Future clinical trials assessing efficacy
of IPT or other preventive regimens should assess and report the long-term rate of
MDR development. A third mechanism for the development of MDR-TB could not
be assessed in this study; community-wide provision of IPT to all HIV-infected
individuals could result in increased incidence of isoniazid resistant TB by selection of drug-resistant Mycobacterium tuberculosis strains at the population level.30
Such selection would occur because IPT protects against infection (or reinfection)
with isoniazid-susceptible strains but not against infection (or reinfection) with isoniazid-resistant strains. In this study, eight patients (10.8%) had known MDR TB
positive contact before they had started MDR TB treatment.
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About 46% of participants in this study were successfully treated and cured. This
cure rate is slightly lower than a global TB report by WHO in 2015: only 50% of the
MDR-TB patients were successfully cured in 2014 and this was largely due to high
rates of an unknown treatment outcome in the present study.1Interestingly, Ethiopia
is one of the countries which achieved a target of >75% cure rate in 2014.1 Of note,
XDR TB treatment outcome have been reported much lower, with successful treatment in less than 20% of patients.9
This study has several limitations. Due to the small sample size and in absence of a
valid control population for patients, we described the data and we could not study
etiologic factors associated with MDRTB and could not formally assess the effect of
isoniazid exposure (preventive therapy or treatment) on MDR TB development. We
could not assess the temporal association between isoniazid (preventive) treatment
and MDR TB development in HIV patients either.

Conclusion
Of patients treated with an MDR-TB regimen, 75% were MDR or XDR-TB patients
and 75% had previously been exposed to isoniazid as part of first-line treatment.
Exposure to isoniazid as part of IPT was only 13.5%. Further studies should formally investigate the contribution of prior IPT and previous TB treatment on the risk
of MDR TB in HIV patients. The treatment success (cure) rate is low. Research
assessing the programmatic and other important predictors of MDR-TB treatment
outcome is needed.
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Abstract
Background: Isoniazid preventive therapy (IPT) is efficacious in prevention of tuberculosis (TB) in human immunodeficiency virus (HIV) infected persons, yet patient
adherence to this strategy is suboptimal. This study aimed to identify predictors of
HIV patients’ adherence to IPT.
Methods: This prospective cohort study was conducted in the HIV/AIDS chronic
care unit of Dilla University Hospital, Ethiopia, from May 2014 to February 2015.
Adherence was defined as completion of the 6-month course of treatment with 90%
of pills taken (measured by diary and pill count). Data was collected on potential
predictors including patients’ demographic and clinical characteristics. Univariable
and multivariable logistic regression models were fitted to identify independent predictors of adherence to IPT.
Result: 162 HIV patients were included and 104 (64.2%) were adherent to IPT.
In the final multivariable model, concomitant use of antiretroviral therapy (ART)
and/or prophylactic cotrimoxazole therapy was associated with adherence to IPT
[OR= 2.66; 95% CI (1.15, 6.17)]. Experiencing high level of HIV stigma and episodes of opportunistic infections tended to be associated with non-adherence to IPT
[OR=0.51; 95% CI (0.25, 1.04)] and [OR=0.14; 95% CI (0.02, 1.15)].
Conclusion: HIV patients receiving ART or cotrimoxazole therapy were more likely
to adhere to IPT.
Key words: IPT, Prophylaxis, Adherence, HIV, TB
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Background
Human Immunodeficiency Virus (HIV)disease is the strongest risk factor for tuberculosis (TB) infection and latent TB reactivation.1 Healthy individuals control
the infection and can remain asymptomatic for prolonged periods,2 a so-called latent infection, that may progress to active TB with waning immunity. The risk of
TB disease ranges from 5-10% in HIV uninfected persons per life time, and after
HIV infection increases to 5-10% per year.3 In Sub-Saharan Africa (SSA), exposure
to Mycobacterium tuberculosis, the bacterium responsible for TB disease, is widespread.4 Although a substantial proportion of disease arises as a result of recent
exogenous exposure,5 the HIV epidemic has changed the dynamics of TB disease
evolution and increased the risk of latent TB reactivation.6
In order to control TB/HIV epidemic, the World Health Organization (WHO) has
introduced the TB/HIV collaborative strategy in 20047 and the revised “three I’s”
strategy in 2012.8 A main component of the TB prevention package in people with
HIV is isoniazid preventive therapy (IPT) and further includes intensified case finding and infection prevention.9 Isoniazid has been used as the main component of
first-line TB treatment regimens since its advent in early 1950s. IPT consists of a
3 to 12-month course of isoniazid administered prophylactically and has proven to
be effective in both HIV infected and non-infected persons in prevention of latent
TB reactivation. A recent meta-analysis of ten randomized clinical trials with 7619
HIV infected participants, has shown that IPT reduced risk of TB by 35%.10 In
addition, recent clinical trials11 and a retrospective cohort study12 have shown that
combination therapy with IPT and antiretroviral therapy (ART) is more effective
than ART alone in TB prevention.
Despite substantial evidence regarding the effect IPT in HIV patients, the estimated
utilization rate of IPT was only 32% among eligible HIV patients in 2013.13 The
underutilization of IPT in high TB/HIV burden countries might be explained by
under-prescription resulting from practitioners’ skepticism about proper exclusion
of active TB prior to initiation of IPT14 and the potential development of drug resistance after inadvertent mono-therapy given to patients with active TB.15 Aside
from under-prescription, completion of prescribed IPT courses is problematic. In
2008, WHO reported that only 60% of HIV patients who started IPT finished a six
months course of therapy.16 Determinants of HIV patients’ adherence to IPT are
largely unknown and data are lacking from prospective cohorts.17 Hence, this study
aims to identify the potential predictors of HIV patients’ adherence to IPT using
prospectively collected data.
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Methods
Study design and setting
This prospective cohort study was conducted from May 2014 to February 2015 at
the HIV/AIDS chronic care unit of Dilla University Referral Hospital in Ethiopia.
Ethiopia has adopted ART in 200518 and implemented the combined TB/HIV program including IPT in 2007.14 Ethical clearance was obtained from ethical review
board of Dilla University College of Health sciences and referral Hospital.
Participants
Adult HIV patients (age ≥ 18 years) who did not have a history of previous TB nor
symptoms of TBat the time of enrolment as determined by the WHO screening
criteria9 (cough of any duration, night sweat, fever, or weight loss) were eligible to
participate. Hospitalized patients, alcoholic patients, patients with liver diseases, or
history of adverse drug reaction (ADR) for stavudine-containing ART drugs, or patients with other known drug reactions were excluded from inclusion in to the study.
Treatment regimen
All participants received a course of IPT, consisting of 300mg isoniazid daily for
six months according to the national TB/HIV collaborative guideline;14 participants
could collect 30 pills every month from the treatment facility and treatment was
provided free of charge. As part of the continuum of care, patients received adherence counseling by trained lay adherence-supporters and case-managers before they
commence ART or IPT.18
Outcome
The number of pills taken was based on both a monthly count of the number of missing pills and the patients’ recording of the number of days that pills were forgotten
in a diary. Adherence to IPT was defined as completion of the 6 months course of
treatment in combination with 90% of pills taken during this 6-month follow-up. In
case of discontinuation of IPT due to death, development of active TB or ADR, adherence was based on the proportion of pills taken during the follow-up period until
IPT discontinuation. Any discontinuation of treatment for more than three weeks
was considered as non-adherent, regardless of subsequent re-initiation.
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Predictors and data collection
Potential predictors of IPT adherence were determined from literature and included gender, age, marital status, educational status, occupational status, family
size, use of concomitant antiretroviral therapy (ART) or cotrimoxazole, TB related
knowledge, HIV stigma and discrimination scores, WHO HIV disease stage and
opportunistic infections. Data clerks and ART nurses collected the data using interview administered questionnaire and extracted additional data from clinical charts,
laboratory log books, and the hospital’s ART database.
Data analysis
Data integrity was assessed and descriptive statistics were generated. Less than 10%
of data was missing for age, education, occupation, gender, WHO HIV disease stage
and residence. Missing observations were imputed by multiple imputation and effect estimates were pooled using Rubin’s rule.19 A bi-variable analyses were carried
out to identify the potential predictors of adherence using the χ2 test.
A multivariable analysis was performed with logistic regression to identify independent predictors of adherence. Selection of predictors made based on Akaike’s
information criterion (AIC) with both forward selection and backward elimination
techniques; the model was fit on 20 imputation sets and those predictors that were
retained in the majority of models were selected for the final model. (Annex 2) The
discriminative ability of logistic regression models was assessed by the area under
the Receiver Operating Characteristic (ROC) curve and corrected for over-optimism
using bootstrapping techniques. The level of significance was taken at P ≤ 0.05. No
violation of logistic regression’s assumption, linearity of continues predictors and
influential observations, was found. Data entry and analysis was carried by EpiData
(www.epidata.dk), SPSS (IBM Corp. SPSS Statistics for Windows, Version 21.0),
and R software (www.r-project.org).
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Result
This study included 162 HIV patients who started IPT between May 2014 and February 2015, and 104 patients (64.2%) were adherent to IPT. During follow-up three
patients developed adverse drug reactions, three patients developed active TB and
two patients died. A total of 58 patients (35.8%) were non-adherent: 33.1% (n=52)
did not complete six months course of treatment and 36.0% (n=58) took less than
90% pills during the course of follow-up.
The mean age of the participants was 36 years and the majorities (80%) of participants were aged between 26 and 45 years. Over half of the participants were
female (54%) and married (60%). Forty percent of the participants attained a junior
or secondary education level and nearly two-thirds of participants were either selfemployed, merchants, daily laborers or farmers. Three-quarters of the participants
were urban residents and the majority of them had a family size of 4-9 people.
Two-thirds of patients (64.2%) had WHO stage I of HIV disease and experienced
low levels of HIV stigma and discrimination. Most participants (80.9%) were on
ART or prophylactic cotrimoxazole therapy at the time of IPT initiation and did not
encounter episode of opportunistic infections in the course of follow-up. Most of
the participants showed moderate (43.8%) to high levels (38.3%) of TB knowledge.
(Table 1)
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Table 1. Baseline characteristics of HIV patients started on IPT at Dilla University
Hospital from May 2014-February 2015. P-values determined by X2 test
Variables

ADHERENCE

Total

Pvalue

Poor (N=58)

Good (N=104)

No.

%

No.

%

No.

%

Gender

Male

24

41.40

50

48.10

74

45.70

0.551

Age

<= 25 years

4

6.90

14

13.50

18

11.10

0.270

26-35 years

23

39.70

37

35.60

60

37.00

36-45 years

28

48.30

41

39.40

69

42.60

>= 46 years

3

5.2

12

11.50

15

9.30

Marital status

Married

37

63.8

62

59.6

99

61.1

0.619

Occupational
status

Housewife

14

24.10

27

26.00

41

25.30

0.255

Farmer/Daily labourer

12

20.70

35

33.70

47

29.00

Merchant or Selfemployed

23

39.70

29

27.9

52

32.10

Government employee

9

15.50

13

12.50

22

13.60

Urban

44

75.90

76

73.10

120

74.10

Rural

14

24.10

28

26.90

42

25.90

1-3

18

31.00

30

28.80

48

29.60

4-5

19

32.80

38

36.50

57

35.20

Residence
Family size

0.424
0.888

6-9

21

36.20

36

34.60

57

35.20

ART or cotrimoxazole at
baseline

Yes

42

72.40

89

85.60

131

80.90

0.041

TB-related
knowledge

Less knowledgeable

8

13.80

21

20.2

29

17.90

0.577

Moderately knowledgeable

26

44.80

45

43.30

71

43.80

Highly knowledgeable

24

41.40

38

36.50

62

38.30

Unable to read & write

8

13.80

16

15.4

24

14.80

Able to read or write/
primary

13

22.4

30

28.80

43

26.50

Junior/secondary high
school

23

39.7

42

40.40

65

40.10

Educational
status

College and above
Opportunistic
infections during
IPT treatment

1 or more

14
22

24.1
37.90

16
25

15.4
24.00

30
47

0.534

18.5
29.00
0.072
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Table 1. (follow-up)
Variables

WHO HIV
disease stage
Perceived need
of support from
the ART unit

HIV stigma and
discrimination

ADHERENCE

Total

Pvalue

Poor (N=58)

Good (N=104)

No.

%

No.

%

No.

%

Stage I

41

70.70

63

60.60

104

64.20

Stage II

5

8.60

18

17.30

23

14.2

Stage III or IV

12

10.70

23

22.1

35

21.60

No need

8

13.80

21

20.20

29

17.90

Very low level of need

8

13.80

17

16.30

25

15.40

Low level of need

2

3.40

5

4.80

7

4.30

High level of need

39

67.20

57

54.80

96

59.30

Very high level of need

1

1.70

4

3.80

5

3.10

High

1

1.7

9

8.7

10

6.2

Moderate

17

29.3

31

29.8

48

29.6

Low

40

69.0

64

61.5

104

64.2

0.272

0.612

0.20

ART: Antiretroviral Therapy; HIV: Human Immunodeficiency Virus; TB: Tuberculosis; WHO: World Health
Organization

In the univariable analysis, comparison of baseline characteristics of adherent and
non-adherent patients revealed few statistically significant differences (table 1).
Patients aged over 46 years adhered better than other age groups (p=0.270). Patients
who had attained college or above education level tended to be more frequently
non-adherent than those who had completed high school or lower levels (p= 0.534).
Farmers or daily laborers had higher rates of IPT completion than merchants or
self-employed persons (p-Value for χ2>0.05). Use of concomitant ART or cotrimoxazole was associated with better adherence (85.6%)in comparison to patients
not receiving these drugs (72.4%) (P-value = 0.041). Patients who developed one or
more episodes of opportunistic infection during the treatment course adhered less
than those who did not(p-value for χ2=0.072).Those patients in the earlier stages of
HIV disease adhered lessthan those patients in the advanced stage of HIV disease
(p-value =0.272). (Table 2)
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Upon multivariable analysis, concomitant drug use (ART and/or cotrimoxazole
prophylaxis), HIV related stigma, and opportunistic infections during the treatment
course were retained in all imputed datasets (Annex 2) and were retained in the final
model (table 2). WHO HIV disease stage was included in the multivariable model
in70% of imputed data sets (n=14) and was not entered in the final model. Only the
use of concomitant drugs was an independent predictor of IPT adherence with an
odds ratio of 2.66 (95% CI (1.15, 6.17). HIV stigma and episodes of opportunistic
infections were associated with non-adherence to IPT although this association was
not statistically significant.(Table 3) The optimism-corrected area under the ROC
curve of the final model was 67% [C index=0.67; 95% CI (0.57, 0.74)]. The calibration plot showed reasonable calibration (Annex 1).
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Table 2. Univariable and multivariable analysis of predictors of IPT adherence in
HIV patients (predictors selected based on prior knowledge)
Predictors

Bivariable OR
95% CI

Multivariable OR
95% CI

Concomitant ART or cotrimoxazole

2.26 (1.02, 5.00)

2.63 (1.09, 6.33)

0.52 (0.26, 1.04)

0.45 (0.21, 0.97)

Opportunistic infections
HIV Stigma & Discrimination

TB knowledge

Low

1

1

Moderate

0.20 (0.02, 1.74)

0.15 (0.02, 1.36)

High

0.18 (0.02, 1.50)

0.13 (0.01, 1.16)

Low

1

1

Moderate

0.66 (0.26, 1.70)

0.70 (0.25, 1.98)

High

0.60 (0.23, 1.58)

0.54 (0.17, 1.68)

Marital status

Married

0.84 (0.43, 1.63)

1.03 (0.49, 2.17)

Educational status

Unable to read & write

WHO HIV diseases stage

1

1

Primary education

1.15 (0.39, 3.36)

1.47 (0.44, 4.91)

Secondary education

0.91 (0.34, 2.46)

1.53 (0.49, 4.72)

College & above

0.57 (0.19, 1.74)

0.95 (0.26, 3.47)

Stage I

1

Stage II

2.34 (0.81, 6.80)

3.48 (1.05, 11.48)

Stage III & IV

1.25 (0.56, 2.78)

1.60 (0.65, 3.95)

ART: Antiretroviral Therapy; HIV: Human Immunodeficiency Virus; OR: Odds Ratios; WHO: World Health
Organization

Table 3. Final model of independent predictors of HIV patients’ adherence to IPT in
Dilla University HIV cohort from May 2014-February 2015
Predictors

Multivariable OR 95% CI

Concomitant ART or co-trimoxazole

2,66 (1.15, 6.17)

Opportunistic infections
HIV Stigma & Discrimination

0.51 (0.25, 1.04)
Low
Moderate

0.15 (0.02, 1.37)

High

0,14 (0.02, 1.15)

OR: Odds ratio; HIV: Human Immunodeficiency syndrome

152

1

Predictors of adherence to isoniazid preventive therapy in HIV patients in Ethiopia

Discussion
In this study, two thirds of participants (64.2%) were adherent to their course of
IPT. HIV-infected patients who were on ART or cotrimoxazole prophylaxis appeared three times more likely to adhere to IPT than patients who were not on ART or
cotrimoxazole treatment at IPT initiation. Other potential predictors of adherence,
such as age, gender, occupation, HIV stigma and discrimination, TB knowledge did
not appear to affect HIV patients’ adherence to IPT.
These findings are in line with an estimate which was reported by Mosimaneotsile
et al. that adherence to IPT was higher in patients on established ART in Botswana.20 In addition to increased adherence, the combined treatment of IPT and ART
is more efficacious in prevention of TB in HIV infected patients.11,12 Other previously conducted clinical trials and observational studies have shown higher adherence
estimates than we observed.20,21 For instance, the clinical trials conducted in Zambia,22 Kenya,23 and South Africa24 have reported 72%, 73%, and 85%, respectively,
which may have resulted from differences in outcome ascertainment,20,25,26 study
design,20–24,27 or populations studied.20,28 Studies from Thailand29 and South Africa30
reported adherence levels that were 69.4% and 72%, respectively. Another clinical
trial and one observational study performed outcome ascertainment via biochemical
analysis of urine and have reported lower adherence levels than observed in this
study where adherence was measured by self-report and pillcount.27
Patients who experienced less stigma and discrimination of their HIV infection
seemed to have better adherence, although this association was not statistically
significant. This finding was consistent with previous studies that showed the same
direction of association.21,27 TB-related knowledge and overall HIV-related information were important predictors of adherence in previous studies,17,31 but this could
not be replicated in our study. The individual patient-based counselling role of lay
case managers (trained HIV positive counsellors) might have diluted the effect of
education and TB-related knowledge in the current study.32 The observed association between opportunistic infections and poorer adherence is in line with previous
studies. A Tanzanian study reported that patients with severe immune suppression
(CD4 count < 200 cells/mm3), who are prone to develop opportunistic infections,
had associated with lower adherence level.33 The development of an opportunistic
infection during the course of treatment may be a reason for discontinuation of IPT.
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This study has some limitations. The small sample size of the study may have resulted in less power to detect statistically significant predictors of adherence. Second, this study collected information from a cohort of a single hospital; hence we
cannot assess hospital-level determinants of adherence. In addition, our study did
not assess the determinants of IPT prescription by physicians or nurses nor other
health care provider-related factors. Third, other unmeasured determinants such as
transportation difficulties, nutritional support, traditional medicine choice, and outmigration were not included and some residual confounding may remain. Finally,
the outcome ascertainment was based on the self-reported adherence and pill count.
Biochemical analysis might more validly estimate the uptake of pills.34
Strength of this study is its prospective design with monthly data collection from a
cohort of HIV patients. As opposed to previous studies, where adherence was defined as appearance to a monthly visits,20,35 or last adherence during the prior three to
seven days21 or only three months of pill count,35 the outcome of this study was estimated from course completion at the end of six months and pill count every months.

Conclusion
HIV patients receiving ART or cotrimoxazole therapy were more likely to adhere
to IPT.We recommend studies with larger sample size to assess the effect of other
potential predictors and incidence of ADR after IPT-ART concomitant therapies.
Population level and health care provider- associated determinants of IPT uptake
should be investigated.
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Achievements
The effect of IPT on lowering the risk of TB
Since the introduction of Isoniazid (INH) in 1952, isoniazid preventive therapy
(IPT) has been one of the main strategies of preventing latent tuberculosis (TB)
reactivation in both patients infected with Human Immunodeficiency virus (HIV)1–3
and uninfected individuals.4 IPT usually consists of a 3-9 month course of isolated
INH administered prophylactically to patients without TB. In the systematic review
and meta-analysis of ten clinical trials (chapter 2) IPT was generally efficacious in
preventing TB disease in HIV infected patients, with an overall relative risk (RR) of
0, 64 (95% CI 0.51, 0.84). Larger benefits of IPT, however, were observed in Tuberculin Skin Test (TST) positive participants, with pooled relative risk of 0.48 (95%
CI: 0.29, 0.82). The optimal duration of IPT, has not been established and probably
depends on many factors, including the immune status of the individual, prevalence
of other risk factors, and local TB epidemiology.5 Based on another review we may
consider that a daily regimen of 300 mg of INH for six months reduced the risk of
TB with a lower number of adverse events in comparison to 900 mg INH twice
weekly for nine months.3 Other studies have shown similar results. The predictive
ability of a positive TST for IPT success in preventing TB have been demonstrated
in several studies.6,7
Besides IPT, an important prevention strategy in HIV infected individuals is improvement of a patient’s immune function by antiretroviral therapy (ART). ART has
been associated with a 67% reduction of TB incidence,8 and ART reduces the risk
of clinical TB irrespective of the HIV disease stage,9 in both high and low income
countries.10 Despite the TB risk reduction achieved by ART, the long term incidence
of TB remains higher than in non-HIV infected individuals.11–13 This might be due
to the fact that ART is initiated at the later stages of HIV disease14 when HIV-associated TB has already developed.11 In a subgroup analysis of patients treated with
ART, IPT reduced the risk of TB by 33% in comparison to patients that received
ART only [RR=0.67; 95% CI (0.47, 0.96), (chapter 2). This finding is supplemented by a retrospective cohort study performed in Ethiopia (chapter 3), in which a
combined benefit of ART and IPT, in comparison to ART alone, in reducing TB or
death was demonstrated (HR= 0.63, 95% CI 0.41-0.94).15,16 Although ART reduces
HIV disease progression17 and opportunistic infections including TB,18 the effect of
parallel treatment with ART and IPT on the occurrence of TB has not been studied
extensively.15 Recent WHO policy guidelines do not precisely define how ART and
IPT are best used together for optimal TB risk reduction.19,20
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The effect of IPT on all-cause mortality
In the studies presented in this thesis (chapters 2, 3 and 4), IPT did not appear to
affect all-cause mortality in the total population studied, nor in any of the subgroups
based on TST status. This is consistent with findings from other studies, although
evidence is mixed.6 An observational study from Brazil demonstrated that for approximately every 30 HIV-infected individuals who are positive for TST and who
treated with IPT, 1 death will be prevented in 4 years of follow-up.21,22 In a study in
Brazil HIV infected individuals with positive TST that received IPT had significantly longer survival time than did those who were not receiving IPT.1,23 In chapter 4,
most events of death occurred within the first sixth months or first year after enrolment into chronic care, hence limiting the potential impact of IPT as this is more
often prescribed later in follow-up.24
The effect of IPT on HIV disease progression:
IPT might have an effect on HIV disease progression. In a descriptive study the rate
of HIV disease progression was not high in IPT treated patients in comparison to
patients not receiving IPT, although confounding could not be completely excluded
(chapter 5). Two randomized controlled trials of IPT yielded no overall effect of
IPT on progression to AIDS.21,25,26 In contrast, a small study did demonstrate a lower
risk of progression to AIDS in individuals with positive TST results who were given
IPT compared to those given placebo.25 In TST negatives, however, the effect of
IPT on HIV disease progression was nominal [RR=1.00; 95% CI (0.88, 1.15)]
(chapter 2). IPT might not only reduce the risk developing TB and hence an
AIDS-defining illness, it is also hypothesized to influence development of other
AIDS-defining illnesses.21 Previous studies suggested that active TB risk increases
the HIV load, which might compromise the cellular immunity and result in additional complications.27,28 In addition, active TB is associated with high HIV viral loads
that do not decline after TB treatment,29 although it is unclear whether these high
viral loads precede the development of active TB and are more risk factors than
consequences of TB.30
Durability of IPT
Before the emergence of the HIV epidemic, IPT induced a durable reduction of TB
incidence in mental institutions and Alaskan villages.31–33 In the pre-ART HIV era
the effect of a 6-month course of IPT lasted for up to 18 months in high-transmission
settings.34,35 Also in the ART era, IPT has limited durability in high TB transmission
settings.35,36 In a trial comparing 6 versus 36 months of IPT, the risk of TB in persons
who received 6 months of IPT increased approximately 200 days after stopping
IPT.37 In high TB burden countries the effect of IPT is limited to 6-12 months in peo-

161

Chapter 8

ple with HIV;6,35,38 however, in low TB prevalence settings and in HIV non-infected
people the effect of IPT may persist for more than 19 years.31 The shorter duration
of benefit of IPT in HIV infected people might be explained by incomplete eradication of TB infection or the susceptibility of HIV infected people for exogenous
TB re-infection after completion of IPT.39 As most cases of TB in people with HIV
occur in high TB burden countries, they are thought to result from new infections or
reinfections; hence IPT might not only treat latent TB infection, but also prevent or
cure early infection.5 Progressive HIV immunosuppression might also increase the
susceptibility to TB re-infection or development of TB disease.8 So far, the merits
of intermittent repeated six month courses of IPT versus continuous IPT have not
been determined.

Challenges
The predictors of adherence to IPT
Despite substantial evidence regarding the effect of IPT on TB prevention in
HIV patients, the estimated utilization rate of IPT was only 32% among eligible HIV patients in 2013.40 The underutilization of IPT in countries with a high
TB/HIV might be explained by under-prescription resulting from practitioners’
skepticism about proper exclusion of active TB prior to initiation of IPT41 and the
feared potential development of drug resistance after inadvertent monotherapy.42
Aside from under-prescription, completion of prescribed IPT courses is probably
low. In 2008, WHO reported that only 60% of HIV patients who started IPT finished a six months course of therapy.43 In the prospective cohort study presented in
chapter 7, two thirds of participants (64.2%) were adherent to their course of IPT.
HIV-infected patients who were on ART or cotrimoxazole prophylaxis appeared
three times more likely to adhere to IPT than patients who were not on ART or
cotrimoxazole treatment at IPT initiation. A study by Mosimaneotsile et al. reported that adherence to IPT was higher in patients on established ART in Botswana
compared to ART naïve patients.44 In addition to increased adherence, the combined
treatment of IPT and ART is more efficacious in prevention of TB in HIV infected
patients.45,46
The effect of IPT on isoniazid resistant TB
The major concern with widespread IPT implementation is the potential risk of
emergence of multi- or extensively drug-resistant (M/XDR) TB. A systematic review of studies of IPT conducted since 1952 concluded that data on the occurrence
of M/XDR resistance were sparse, and interpretation was hindered by incomplete
testing of isolates and changes in the definition of resistance. In a recent systema-
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tic review, the risk of isoniazid resistance among individuals who received IPT, in
comparison to control subjects, was 1.45 (95% CI: 0.85-2.47).47 Several mechanisms can increase TB resistance following the widespread adoption of IPT. First,
failure to detect active TB in an individual before starting IPT may lead to acquired
resistance.48–51 Mutations occur, some of which cause resistance to isoniazid, and
these are selected because of inadvertent monotherapy during active disease. Second, use of IPT during latency of a TB infection may select for sporadically occurring isoniazid resistant strains.52,53 Lastly, community wide use of IPT may confer
a competitive advantage to circulating strains of isoniazid-resistant mycobacterium
strains by exerting selective pressure against isoniazid-susceptible strains.54,55
In chapter 6 the clinical profile of patients co-infected with HIV and treated for
MDR TB in a specialized Ethiopian TB treatment centre are described. Patients’
prior exposure to isoniazid and IPT in particular were assessed. Of the patients
enrolled in the MDR treatment program (n=74), half had confirmed MDR TB and
a quarter of patients were XDR TB patients. Ten patients (13.5%) received isolated
INH as part of IPT prior to a treatment for MDR TB, and 34 (77.2%) received prior
treatment for TB containing isoniazid alongside other tuberculostatic medication.
On a global level, 3.3% (95% CI: 2.2-4.4%) of new TB cases and 20% (95% CI:
14-27%) of previously treated TB cases had MDR TB in 2014.56 In a prior meta-analysis57 and observational studies58–62 previous history of TB was one of the
main risk factors of MDR TB in people co-infected with HIV. In another study the
prevalence of MDR TB in the general population was 20% in patients who had prior
treatment with anti-TB regimens including INH.63 The effectiveness of IPT in countries with high rates of drug resistant TB is unknown; it may be less effective among
individuals who have latent infection with an isoniazid-resistant organism, yet it is
unlikely to do significant harm in these individual patients.21 In summary, although
contribution of IPT to development of MDR TB seems limited in present studies, its
long term impact remains to be quantified.
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Prospects
Compelling areas of future research
Despite convincing evidence on efficacy of IPT, it has not been widely implemented
on a global scale. Ministries of health have expressed concern about the emergence
of resistance and the limited durability of the effect associated with IPT. There are
limited empirical data regarding the impact of widespread use of IPT on the emergence of isoniazid resistant TB. The risk of isoniazid-resistance and its consequences should be assessed in more detail from large observational studies with adequate
durations of follow-up. These studies may also provide further knowledge regarding
the durability of the effect of IPT and investigate alternative long-term treatment
regimens. Implementation research with proper strategies to overcome operational
barriers and poor adherence are needed. In addition, the risk-benefit of intermittent
courses of six months of IPT versus continuous IPT should be investigated along
with for example whether IPT could be discontinued once an optimal level of CD4
count (e.g. ≥ 500 cells/mm3) is achieved during ART.
The way forward
The studies in this thesis demonstrated that IPT reduces the risk of TB in HIV infected people even though this effect could not be shown in prevention of all-cause
mortality or HIV disease progression. TB/HIV incidence and prevalence has substantially reduced in the last three decades, but this disease continues to affect the
poorest in both developed and developing countries, disproportionally in Sub-Saharan African countries. The WHO has set a new global plan, the so-called “Sustainable Development Goals (SDG)”, which, among other goals, aims at TB and HIV
elimination by year 2030. So as to achieve this target, IPT should be implemented
on a large scale in addition to other TB-HIV prevention packages. Potential predictors of adherence to IPT such as HIV related stigma, opportunistic infections, and
concomitant therapies should be addressed. In addition, IPT likely is more effective
if it is initiated at the earlier stages of HIV disease. It needs a proper strategy to
engage health care providers in timely prescription of IPT for HIV infected people.
Training programs on the benefits and risks of IPT and subsequent monitoring of
health care providers might improve early prescription of IPT. The risk of MDR
TB after IPT and adverse drug reactions seems limited, but further quantification is
needed. For this purpose, close coupling of implementation with research programs
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could provide the much needed information. In sum, IPT implementation should
be strengthened globally especially in countries with and elevated burden of HIV
infection. Governments, donor organizations, nongovernmental organizations, technical agencies, and the public and private medical sectors must collaborate in order
to achieve the SDG targets.56

165

Chapter 8

Reference
1. Woldehanna S, Volmink J. Treatment of latent tuberculosis infection in HIV infected persons.
Cochrane Database Syst Rev. 2004;(1):CD000171.
doi:10.1002/14651858.CD000171.pub2.
2. Akolo C, Adetifa I, Shepperd S, Volmink J. Treatment of latent tuberculosis infection in HIV
infected persons ( Review ). 2010;(1).
3. Ayele HT, Mourik MSM Van, Debray TP a., Bonten MJM. 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. doi:10.1371/journal.pone.0142290.
4. Smieja MJ, Marchetti CA, Cook DJ, Smaill FM. Isoniazid for preventing tuberculosis in nonHIV infected persons. Cochrane Database Syst Rev. 2000;(2):CD001363. doi:10.1002/14651858.
CD001363.
5. Swaminathan S. Preventive treatment for tuberculosis in people with HIV. Lancet.
2014;6736(14):10–11. doi:10.1016/S0140-6736(14)60268-3.
6. Samandari T, Agizew TB, Nyirenda S, 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. Lancet. 2011;377(9777):1588–98. doi:10.1016/S0140-6736(11)60204-3.
7. Akolo C, Adetifa I, Shepperd S, Volmink J. Treatment of latent tuberculosis infection in HIV
infected persons. Cochrane Database Syst Rev. 2010;(1):171. doi:Art. No.: CD000171. DOI:
10.1002/14651858.CD000171.pub3.
8. Lawn SD, Wood R, De Cock KM, Kranzer K, Lewis JJ, Churchyard GJ. Antiretrovirals and
isoniazid preventive therapy in the prevention of HIV-associated tuberculosis in settings with
limited health-care resources. Lancet Infect Dis. 2010;10(7):489–98.
doi:10.1016/S1473-3099(10)70078-5.
9. Badri M, Wilson D, Wood R. Effect of highly active antiretroviral therapy on incidence of tuberculosis in South Africa: a cohort study. Lancet. 2002;359(9323):2059–64.
doi:10.1016/S0140-6736(02)08904-3.
10. Lawn SD, Wood R. E D I T O R I A L C O M M E N TA R Y Incidence of Tuberculosis during
Highly Active Antiretroviral Therapy in High-Income and Low-Income Countries. Clin Infect
Dis. 2005;41:1783–1786.
11. Lawn SD, Myer L, Bekker L-G, Wood R. Burden of tuberculosis in an antiretroviral treatment
programme in sub-Saharan Africa: impact on treatment outcomes and implications for tuberculosis control. AIDS. 2006;20(12):1605–1612. doi:10.1097/01.aids.0000238406.93249.cd.
12. Lawn SD, Badri M, Wood R. Tuberculosis among HIV-infected patients receiving HAART:
long term incidence and risk factors in a South African cohort. AIDS. 2005;19(18):2109–2116.
doi:10.1097/01.aids.0000194808.20035.c1.

166

General discussion

13. Girardi E, Sabin CA, d’Arminio Monforte A, et al. Incidence of Tuberculosis among HIV-infected
patients receiving highly active antiretroviral therapy in Europe and North America. Clin Infect
Dis. 2005;41(12):1772–1782.
14. Lawn SD, Török ME, Wood R. Optimum time to start antiretroviral therapy during HIV-associated opportunistic infections. Curr Opin Infect Dis. 2011;24(1):34–42.
15. Lawn SD, Wood R, De Cock KM, Kranzer K, Lewis JJ, Churchyard GJ. Antiretrovirals and isoniazid preventive therapy in the prevention of HIV-associated tuberculosis in settings with limited
health-care resources. Lancet Infect Dis. 2010;10:489–498. doi:10.1016/S1473-3099(10)70078-5.
16. Rangaka MX, Wilkinson RJ, Boulle A, et al. Isoniazid plus antiretroviral therapy to prevent tuberculosis: a randomised double-blind, placebo-controlled trial. Lancet. 2014;6736(14):1–9.
doi:10.1016/S0140-6736(14)60162-8.
17. Arts EJ, Hazuda DJ. HIV-1 antiretroviral drug therapy. Cold Spring Harb Perspect Med.
2012;2(4):a007161. doi:10.1101/cshperspect.a007161.
18. Coffin J, Swanstrom R. HIV pathogenesis: dynamics and genetics of viral populations and infected cells. Cold Spring Harb Perspect Med. 2013;3(1):a012526. Available at:
http://www.ncbi.nlm.nih.gov/pubmed/23284080.
19. WHO. Guidelines for intensified tuberculosis case-finding and isoniazid preventive therapy for
people living with HIV in resource- constrained settings. Department of HIV/AIDS & Stop TB
Department. Geneva, Switzerland; 2011. Available at:
http://whqlibdoc.who.int/publications/2011/9789241500708_eng.pdf.
20. World Health Organization. Guidelines for intensified tuberculosis case-finding and isoniazid preventive therapy for people living with HIV in resourceconstrained settings.; 2015. Available at:
http://apps.who.int/iris/bitstream/10665/44472/1/9789241500708_eng.pdf.
21. 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 :S52–S62.
22. De Pinho AM, Santoro-Lopes G, Harrison LH, Schechter M. Chemoprophylaxis for tuberculosis
and survival of HIV-infected patients in Brazil.; 2001. doi:10.1097/00002030-200111090-00008.
23. Santoro-Lopes G, de Pinho AM, Harrison LH, Schechter M. Reduced risk of tuberculosis among
Brazilian patients with advanced human immunodeficiency virus infection treated with highly
active antiretroviral therapy. Clin Infect Dis. 2002;34(4):543–546.
doi:CID010637 [pii]\r10.1086/338641.
24. Ayele HT, Mourik MSM van, Bonten MJM. Effect of isoniazid preventive therapy on tuberculosis
and death in HIV patients: A retrospective cohort study. Submited to BMCInfectious Dis. 2015.
25. Pape JW, Jean SS, Ho JL, Hafner a, Johnson WD. Effect of isoniazid prophylaxis on incidence of active tuberculosis and progression of HIV infection. Lancet. 1993;342(8866):268–272.
doi:10.1016/0140-6736(93)91817-6.
26. Ayele HT, Debray TPA, Mourik MSM van, Bonten MJM. Isoniazid Prophylactic Therapy for the
Prevention of Tuberculosis in HIV infected Aults: A meta-analysis of randomized Placebo Controlled Trials. Submitt to PloseOne. 2015.

167

Chapter 8
27. Goletti D, Weissman D, Jackson RW, et al. Effect of Mycobacterium tuberculosis on HIV replication. Role of immune activation. J Immunol. 1996;157(3):1271–1278. doi:10.5402/2011/810565.
28. Toossi Z, Johnson JL, Kanost RA, et al. Increased replication of HIV-1 at sites of Mycobacterium
tuberculosis infection: potential mechanisms of viral activation. J Acquir Immune Defic Syndr.
2001;28(1):1–8. doi:10.1097/00126334-200109010-00001.
29. Morris L, Martin DJ, Bredell H, et al. Human immunodeficiency virus-1 RNA levels and CD4
lymphocyte counts, during treatment for active tuberculosis, in South African patients.; 2003.
doi:10.1086/375346.
30. Day JH, Grant AD, Fielding KL, et al. Does tuberculosis increase HIV load? J Infect Dis.
2004;190(9):1677–1684. doi:10.1086/424851.
31. Comstock GW, Baum C, Snider DEJ. Isoniazid prophylaxis among Alaskan Eskimos: a final
report of the bethel isoniazid studies. Am Rev Respir Dis. 1979;119(5):827–830.
32. Comstock G, Hammes L, Pio A. Isoniazid prophylaxis in Alaskan Boarding schools. A comparison of two doses. Am Rev Respir Dis. 100(6):773–9.
33. GW C, SH F, LM. H. A controlled trial of community-wide isoniazid prophylaxis in Alaska.
Am Rev Respir Dis. 95(6):935–43.
34. Johnson JL, Okwera A, Hom DL, et al. Duration of efficacy of treatment of latent tuberculosis
infection in HIV-infected adults. AIDS. 2001;15:2137–47. Available at:
http://www.ncbi.nlm.nih.gov/pubmed/11684933.
35. Quigley MA, Mwinga A, Hosp M, et al. Long-term effect of preventive therapy for tuberculosis in
a cohort of HIV-infected Zambian adults.; 2001. doi:10.1097/00002030-200101260-00011.
36. Whalen CC, Johnson JL, Okwera A, et al. A trial of three regimens to prevent tuberculosis in
Ugandan adults infected with the human immunodeficiency virus. Uganda-Case Western Reserve
University Research Collaboration.; 1997. doi:10.1056/NEJM199709183371201.
37. Samandari T, Agizew TB, Nyirenda S, 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. Lancet. 2011;377(9777):1588–1598. doi:10.1016/S0140-6736(11)60204-3.
38. Johnson JL, Okwera A, Hom DL, et al. Duration of ef ® cacy of treatment of latent tuberculosis
infection in HIV-infected adults. 2001;(May).
39. Antela A, Quereda C, Navas E, Moreno A, Dronda F. Risk Factors for Development of Tuberculosis after Isoniazid Chemoprophylaxis in Human Immunodeficiency Virus – Infected Patients.
2002;34(December 1996):386–389.
40. WHO, World Health Organization, Organization WH. Global tuberculosis report 2013.; 2013.
doi:WHO/HTM/TB/2013.11.
41. Federal Ministry of Health of Ethiopia. Implementation Guideline for TB/HIV Collaborative Activities in Ethiopia. Addis Ababa: Federal Ministry of Health of Ethiopia Available at:
http://www.etharc.org/index.php/resources/download/finish/79/462.

168

General discussion

42. Reid MJA, Shah NS. Approaches to tuberculosis screening and diagnosis in people with HIV in
resource-limited settings. Lancet Infect Dis. 2009;9(3):173–184.
doi:10.1016/S1473-3099(09)70043-X.
43. WHO. Global Tuberculosis Control ( MPCBM 5VCFSDVMPTJT POUSPM. Control.
2010;WHO/HTM/TB:218. doi:WHO/HTM/TB 2010.7.
44. Gust DA, Mosimaneotsile B, Mathebula U, 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). doi:10.1371/journal.
pone.0018435.
45. Ayele HT, van Mourik MS, Bonten MJ. Effect of isoniazid preventive therapy on tuberculosis
or death in persons with HIV: a retrospective cohort study. BMC Infect Dis. 2015;15(1):334.
doi:10.1186/s12879-015-1089-3.
46. TEMPRANO. A Trial of Early Antiretrovirals and Isoniazid Preventive Therapy in Africa.
N Engl J Med. 2015:150720091611001. doi:10.1056/NEJMoa1507198.
47. Balcells ME, Thomas SL, Godfrey-faussett P, Grant AD. Isoniazid Preventive Therapy and Risk
for Resistant Tuberculosis. 2006;12(5).
48. Day JH, Charalambous S, Fielding KL, Hayes RJ, Churchyard GJ, Grant AD. Screening for tuberculosis prior to isoniazid preventive therapy among HIV-infected gold miners in South Africa.
Int J Tuberc Lung Dis. 2006;10(5):523–529.
49. Bassett I V, Wang B, Chetty S, et al. Intensive tuberculosis screening for HIV-infected patients
starting antiretroviral therapy in Durban, South Africa. Clin Infect Dis. 2010;51(7):823–829.
doi:10.1086/656282.
50. Churchyard GJ, Fielding KL, Lewis JJ, Chihota VN, Hanifa Y, Grant AD. Symptom and chest
radiographic screening for infectious tuberculosis prior to starting isoniazid preventive therapy:
yield and proportion missed at screening. AIDS. 2010;24 Suppl 5:S19–S27.
51. Kufa T, Mngomezulu V, Charalambous S, et al. Undiagnosed tuberculosis among HIV clinic
attendees: association with antiretroviral therapy and implications for intensified case finding, isoniazid preventive therapy, and infection control. J Acquir Immune Defic Syndr. 2012;60(2):e22–8.
doi:10.1097/QAI.0b013e318251ae0b.
52. Gill WP, Harik NS, Whiddon MR, Liao RP, Mittler JE, Sherman DR. A replication clock for Mycobacterium tuberculosis. Nat Med. 2009;15(2):211–214.
53. Ford CB, Lin PL, Chase MR, et al. Use of whole genome sequencing to estimate the mutation rate
of Mycobacterium tuberculosis during latent infection. Nat Genet. 2011;43(5):482–486.
54. Mills HL, Cohen T, Colijn C. Modelling the performance of isoniazid preventive therapy for reducing tuberculosis in HIV endemic settings: the effects of network structure. J R Soc Interface.
2011;8(63):1510–1520.
55. Girardi E, Palmieri F, Angeletti C, et al. Impact of previous ART and of ART initiation on outcome
of HIV-associated tuberculosis. Clin Dev Immunol. 2012;2012.

169

Chapter 8
56. World Health Organization. Global tuberculosis report 2015. Geneva, Switzerland; 2015.
doi:10.1007/s13398-014-0173-7.2.
57. Berhan A, Berhan Y, Yizengaw D. A meta-analysis of drug resistant tuberculosis in Sub-Saharan
Africa: how strongly associated with previous treatment and HIV co-infection? Ethiop J Health
Sci. 2013;23(3):271–82. Available at:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3847537&tool=pmcentrez
&rendertype=abstract.
58. Affolabi D, Adjagba O a BG, Tanimomo-Kledjo B, Gninafon M, Anagonou SY, Portaels F. Anti-tuberculosis drug resistance among new and previously treated pulmonary tuberculosis patients
in Cotonou, Benin. Int J Tuberc Lung Dis. 2007;11(11):1221–1224.
59. Sangare L, Diande S, Badoum G, Dingtoumda B, Traore AS. Anti-tuberculosis drug resistance in
new and previously treated pulmonary tuberculosis cases in Burkina Faso. Int J Tuberc Lung Dis.
2010;14(11):1424–1429.
60. Mac-Arthur A. J, Gloyd S, Perdigão P, Noya a., Sacarlal J, Kreiss J. Characteristics of drug resistance and HIV among tuberculosis patients in Mozambique. Int J Tuberc Lung Dis. 2001;5(10):894–
902. doi:5 (10).
61. Mwinga A, Hosp M, Godfrey-Faussett P, et al. Twice weekly tuberculosis preventive therapy in
HIV infection in Zambia.; 1998.
62. Nunes E a., De Capitani EM, Coelho E, et al. Patterns of anti-tuberculosis drug resistance among
HIV-infected patients in Maputo, Mozambique, 2002-2003. Int J Tuberc Lung Dis. 2005;9(5):494–
500.
63. Kwan CK, Ernst JD. HIV and tuberculosis: a deadly human syndemic. Clin Microbiol Rev.
2011;24(2):351–76. doi:10.1128/CMR.00042-10.

170

General discussion

171

172

Nederlandse Samenvatting

173

Het effect van preventieve isoniazidetherapie (IPT) op het verlagen van het risico op tuberculose: Sinds de introductie van isoniazide (INH) in 1952 is preventieve isoniazidetherapie (IPT) een van de belangrijkste strategieën om reactivering van latente tuberculose (tbc) te voorkomen, bij zowel met humaan immunodeficiëntievirus (hiv)
geïnfecteerde als niet geïnfecteerde patiënten. Gewoonlijk bestaat IPT uit preventieve
toediening van monotherapie met INH gedurende 3-9 maanden aan patiënten zonder tbc. Uit een systematische review en meta-analyse van tien klinische trials
(hoofdstuk 2) bleek dat IPT over het algemeen het optreden van tbc bij hiv-patiënten voorkomt, met een globaal, over alle studies gemiddeld relatief risico (RR) van
0,64 (95% betrouwbaarheidsinterval (BI) 0,51-0,84). Bij deelnemers met een positieve tuberculinehuidtest (THT; ook bekend als mantouxtest) werden echter grotere
positieve effecten geobserveerd, met een gepoold RR van 0,48 (95% BI: 0,29-0,82).
Naast IPT is verbetering van de immuunfunctie van een patiënt door middel van
antiretrovirale therapie (ART) een belangrijke strategie om tbc bij hiv-patiënten te
voorkomen. ART is geassocieerd met een reductie van 67% in tbc-incidentie en
vermindert het risico op klinische tbc ongeacht het hiv-ziektestadium, zowel in
hoge- als in lage-inkomenslanden. Ondanks het door ART verminderde risico op
tbc blijft de tbc-incidentie onder hiv-patiënten op de lange termijn hoger dan onder
personen zonder hiv-infectie. In een subgroepanalyse van patiënten behandeld met
ART, verlaagde IPT het risico op tbc met 33% ten opzichte van patiënten die alleen
ART ondergingen (RR=0,67; 95% BI 0,47-0,96) (hoofdstuk 2). Een retrospectieve
cohortstudie uitgevoerd in Ethiopië bevestigt deze bevinding (hoofdstuk 3): een
combinatie van ART en IPT is effectiever in het voorkomen van tbc en sterfte in een
vergelijking met alleen ART (RR=0,63; 95% BI 0,41-0,94).
Het effect van IPT op mortaliteit: In de studies in dit proefschrift leek IPT de algehele
mortaliteit niet te beïnvloeden, noch in de totale studiepopulatie, noch in een van
de op TST-status gebaseerde subgroepen (hoofdstukken 2, 3 en 4). In hoofdstuk 4
trad de meeste sterfte op binnen de eerste zes maanden of het eerste jaar na registratie in de chronische zorg. Omdat IPT vaker later in de follow-up van hiv-patiënten
wordt voorgeschreven wordt zodoende de potentiële impact van IPT beperkt.
Het effect van IPT op de ziekteprogressie van hiv: Mogelijk heeft IPT een effect op de ziekteprogressie van hiv. In een descriptieve studie was de ziekteprogressie van hiv lager bij met IPT behandelde patiënten dan bij patiënten die
geen IPT ontvingen, hoewel confounding niet helemaal uitgesloten kon worden (hoofdstuk 5). In TST-negatieven was het effect van IPT op de ziekteprogressie van hiv afwezig (RR=1.00; 95% BI 0,88-1,15) (hoofdstuk 2).
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IPT zou niet alleen het risico op het ontwikkelen van tbc (een aids-definiërende
ziekte) kunnen verlagen; er is ook geopperd dat het de ontwikkeling van andere
aids-definiërende ziekten kan beïnvloeden. Eerdere studies suggereerden dat actieve
tbc de virale load van hiv verhoogt, hetgeen de cellulaire immuniteit in gevaar zou
kunnen brengen en extra complicaties tot gevolg zou kunnen hebben. Daarnaast is
actieve tbc in verband gebracht met een hoge hiv-load die niet vermindert na behandeling voor tbc, hoewel het onduidelijk is of deze hoge virale load optreedt vóór
de ontwikkeling van actieve tbc en zodoende eerder een risicofactor voor dan een
consequentie van tbc is.
Duurzaamheid van IPT: Voor het ontstaan van de hiv-epidemie werd al aangetoond
dat IPT een duurzame reductie in tbc-incidentie induceerde in GGZ-instellingen en
dorpen in Alaska. Gedurende het hiv-tijdperk, maar voor de introductie van ART,
werd, in een setting met veel transmissie, een 18 maanden aanhoudend effect van
6 maanden behandeling met IPT gezien. Ook sinds ART beschikbaar is, is de duurzaamheid van IPT beperkt in gebieden met veel tbc-transmissie. In een trial die 6
maanden IPT met 36 maanden vergeleek, steeg bij deelnemers met 6 maanden IPT
het risico op tbc weer 200 dagen na het stoppen van IPT. In landen met een hoge
ziektelast van tbc is het effect van IPT bij hiv-patiënten beperkt tot 6-12 maanden.
In het geval van een lage tbc-prevalentie en patiënten die niet met hiv geïnfecteerd
zijn, kan het effect van IPT echter meer dan 19 jaar aanhouden. De kortere duur van
de bescherming door IPT in hiv-patiënten zou verklaard kunnen worden door de
onvolledige eradicatie van de tbc-infectie of de gevoeligheid van hiv-patiënten voor
exogene tbc-herinfectie na het voltooien van de IPT. Aangezien de meeste tbc-gevallen bij hiv-patiënten zich voordoen in landen met een grote ziektelast van tbc,
wordt gedacht dat ze voortkomen uit nieuwe infecties of herinfecties. Dit zou betekenen dat IPT niet alleen latente tbc behandelt, maar ook vroege infectie voorkomt
of geneest. Voortschrijdende immuunsuppressie als gevolg van hiv leidt mogelijk
ook tot een toename van de gevoeligheid voor tbc-herinfectie en het ontstaan van
actieve tbc. Tot nog toe zijn de eventuele positieve effecten van herhaalde IPT-kuren
van 6 maanden ten opzichte van continue IPT nog niet onderzocht.

Uitdagingen
Predictoren van therapietrouw bij IPT: Ondanks substantieel bewijs voor het effect van
IPT op tbc-preventie bij hiv-patiënten wordt geschat dat IPT slechts door 32% van
de in aanmerking komende hiv-patiënten werd gebruikt in 2013. Het onderbenutting
van IPT in landen met een hoge tbc- en hiv-ziektelast zou kunnen worden verklaard
door onderprescriptie als gevolg van scepsis onder behandelaars met betrekking
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tot het daadwerkelijk kunnen excluderen van actieve tbc voorafgaand aan IPT en
de vrees voor mogelijke ontwikkeling van resistentie na ongewilde monotherapie.
Naast te weinig voorschrijven speelt mee dat waarschijnlijk weinig IPT-kuren worden voltooid. De Wereldgezondheidsorganisatie (WHO) rapporteerde in 2008 dat
slechts 60% van de hiv-patiënten die met IPT begonnen, de kuur van 6 maanden
afmaakte. In de prospectieve cohortstudie beschreven in hoofdstuk 7 was twee derde van de deelnemers (64,2%) therapietrouw gedurende hun IPT-kuur. De therapietrouw onder hiv-patiënten die ART en cotrimoxazol-profylaxe kregen, bleek drie
keer hoger dan onder patiënten die deze behandelingen niet kregen bij de start van
IPT. Een studie van Mosimaneotsile et al. beschreef dat therapietrouw bij IPT beter
was bij patiënten op een stabiele ART-behandeling dan bij ART-naïeve patiënten.
Naast de grotere therapietrouw speelt dat de gecombineerde behandeling met IPT
en ART werkzamer is bij tbc-preventie onder hiv-patiënten.
Het effect van IPT op isoniazideresistente tbc: De voornaamste reden tot bezorgdheid
rondom de wijdverbreide implementatie van IPT is het risico op het ontstaan van
multiresistente of extensief resistente (M/XDR) tbc. Een systematische review van
IPT-studies die sinds 1952 zijn uitgevoerd, concludeerde dat er weinig gegevens
over het voorkomen van M/XDR-tbc zijn en dat de interpretatie van de gegevens die
er zijn, wordt bemoeilijkt door onvolledige testen van de isolaten en veranderingen
in de definitie van resistentie. In een andere recente systematische review werd het
relatief risico op isoniazideresistentie bij patiënten die IPT kregen op 1,45 (95% BI
0,85-2,47) geschat, ten opzichte van controlepatiënten. Verschillende mechanismes
kunnen leiden tot meer resistentie bij tbc na wijdverbreide invoering van IPT. Ten
eerste kan het niet detecteren van actieve tbc bij een patiënt die begint met IPT, leiden tot verworven resistentie. Mutaties doen zich voor, waarvan sommige leiden tot
isoniazideresistentie, en deze worden uitgeselecteerd als gevolg van de ongewilde
monotherapie bij actieve ziekte. Ten tweede zou het gebruik van IPT gedurende de
latente fase van tbc sporadisch voorkomende isoniazideresistente stammen kunnen
uitselecteren. Ten slotte zou wijdverbreid gebruik van IPT in een gemeenschap een
concurrentievoordeel kunnen geven aan circulerende isoniazideresistente tbc-stammen door selectieve druk uit te oefenen op isoniazidegevoelige stammen.
In hoofdstuk 6 wordt het klinisch profiel beschreven van hiv-patiënt die in een
gespecialiseerd Ethiopisch centrum worden behandeld voor MDR-tbc. Hun blootstelling aan INH en IPT voorafgaand aan deze behandeling werd geanalyseerd. Van
de patiënten in het MDR-behandelingsprogramma (n=74) had de helft bevestigde MDR-tbc en een kwart XDR-tbc. Tien patiënten (13,5%) hadden geïsoleerde
INH-behandeling ontvangen als onderdeel van IPT vóór hun behandeling voor
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MDR-tbc. Nog eens 34 patiënten (77,2%) hadden een voorafgaande behandeling
voor tbc ontvangen die bestond uit een combinatie van INH en ten minste één ander
tuberculostaticum. Wereldwijd vormde MDR-tbc in 2014 3,3% (95% BI 2,2-4,4%)
van alle nieuwe tbc-gevallen en 20% (95% BI 14-27%) van alle voorbehandelde
tbc-gevallen. In een eerdere meta-analyse en observationele studies was een voorgeschiedenis van tbc een van de belangrijkste risicofactoren voor MDR-tbc in mensen
met een hiv-co-infectie. In een andere studie onder de algemene bevolking bedroeg
de prevalentie van MDR-tbc 20% bij patiënten die een eerdere behandeling met
tuberculostatica inclusief INH hadden ontvangen. De werkzaamheid van IPT in landen met hoge percentages resistente tbc is onbekend. De behandeling zou minder
effectief kunnen zijn bij patiënten die een latente infectie hebben met isoniazideresistente organismes, maar daar staat tegenover dat het hun waarschijnlijk geen
schade berokkent. Samenvattend kan men stellen dat hoewel in huidige studies de
bijdrage van IPT aan de ontwikkeling van MDR-tbc beperkt lijkt, de impact op lange termijn nog gekwantificeerd zal moeten worden.

Vooruitzichten:
Belangrijke aandachtsgebieden voor toekomstig onderzoek: Ondanks overtuigend bewijs voor de werkzaamheid van IPT is er nog geen sprake van wereldwijde implementatie. Ministeries van volksgezondheid hebben hun zorgen geuit rondom het
ontstaan van resistentie en de beperkte houdbaarheid van het effect van IPT. De hoeveelheid empirische data is beperkt met betrekking tot de impact van wijdverbreid
IPT-gebruik op het ontstaan van isoniazideresistente tbc. Het risico op isoniazideresistentie en de consequenties ervan moeten nader worden bestudeerd in grote observationele studies met een follow-up die voldoende lang is. Deze studies kunnen
ook meer kennis opleveren over de duurzaamheid van het effect van IPT en zouden
alternatieve lange-termijnbehandelingen kunnen onderzoeken. Ook is er behoefte
aan implementatieonderzoek met geschikte strategieën om operationele barrières
en slechte therapietrouw te overwinnen. Daarnaast moeten de kosten en baten van
IPT gedurende 6 maanden ten opzichte van continue IPT worden afgewogen en dat
dan bijvoorbeeld tegelijkertijd met de vraag of IPT kan worden stopgezet op het
moment dat een optimaal CD4-getal (zoals ≥ 500 cellen/mm3) bereikt is gedurende
ART.
De weg voorwaarts: De studies in dit proefschrift hebben laten zien dat IPT het risico
op tbc in hiv-patiënten vermindert, hoewel dit effect niet werd aangetoond bij het
voorkomen van de totale sterfte of de ziekteprogressie van hiv. De incidentie en prevalentie van tbc en hiv is aanzienlijk afgenomen gedurende de laatste drie decennia,
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maar deze bundeling van ziektes blijft een zware last voor de armste bevolking in
zowel ontwikkelingslanden als de ontwikkelde wereld, waarbij Afrika bezuiden de
Sahara buitenproportioneel wordt getroffen. De WHO heeft een wereldwijd plan
opgesteld, de zogenoemde duurzaamheidsdoelen, die onder andere de uitroeiing
van tbc en hiv in 2030 beogen. Om dit doel te bereiken moet IPT worden op grote schaal worden geïmplementeerd naast andere preventiemaatregelen voor hiv en
tbc. Potentiële voorspellers van therapietrouw bij IPT zoals het stigma van hiv, opportunistische infecties en gelijktijdige behandelingen moeten aan de orde worden
gesteld. Bovendien is IPT waarschijnlijk effectiever als het wordt geïnitieerd in de
vroege stadia van hiv-infectie. Een geschikte strategie is benodigd om zorgverleners
te betrekken in het tijdig voorschrijven van IPT voor hiv-patiënten. Trainingsprogramma’s over de voor- en nadelen van IPT en vervolgens het monitoren van zorgverleners zouden het vroeg voorschrijven van IPT kunnen verbeteren. Het risico op
MDR-tbc na IPT en bijwerkingen lijkt beperkt, maar een verdere kwantificering is
nodig. Een nauwe koppeling van de implementatie met onderzoeksprogramma’s
zou deze hoognodige gegevens kunnen opleveren. Samenvattend moet de implementatie van IPT wereldwijd worden versterkt en dan met name in landen met een
hoge hiv-ziektelast. Overheden, charitatieve instellingen, niet-gouvernementele
organisaties, technische instellingen en de publieke en private medische sectoren
moeten samenwerken om de duurzaamheidsdoelstellingen te bereiken.

178

Nederlandse Samenvatting

179

180

Acknowledgments

181

182

Acknowledgments

Acknowledgments
I offer all the glory and honor to Almighty God, the creator of Heaven and Earth that
made it possible for me to complete this thesis. May His name be exalted forever
and ever, Amen.
Firstly, I would like to acknowledge my promotor prof. dr. Marc J.M. Bonten (my
intellectual father) for the golden chance I was granted to be his student and advisee.
I have grown physically (more grey hairs) and intellectually due to his generous and
kind guidance during my PhD study. I would like to forward many thanks to you
for your invaluable advices, constructive criticisms, and encouragement during my
PhD study. You will always be dear to my heart for the significant role that you played in my career, and I was not surprised that many people believed that you played a fatherly role in my program. I am so grateful for the Netherlands Fellowship
Program (NUFFIC) for the financial support for tuition fees, accommodation and
research.
Dear dr. Maaike S.M. van Mourik, I cannot quantify your enormous contribution
to this thesis. You were like an experienced professor for me. Without your tireless
guidance, I would not have finished my thesis the way I did. I have learnt a lot from
you; thank you for sharing your knowledge and experience. I cherished the close
supervision that you rendered; you patiently guided me and encouraged me to finish
my thesis. It has been a great pleasure working under your supervision. I believe
and I wish you make an excellent professor in infectious disease epidemiology and
clinical microbiology in the very near future.
I am highly grateful to all the reading committee members, prof. dr. Jet Smit,
prof. dr. Mirjam Kretschzmar, prof. dr. Dick van Soolingen, prof. dr. Roel Coutinho,
and prof. dr. Andy Hoepelman, for their time and expertise.
My dear friends, and classmates, Joppe, Wouter, and Bastiaan, you made my epidemiology postgraduate training so wonderful. I will not forget those vibrant discussions (conceptual, social, political …) we had during the coffee breaks. My dear
fellow roommates (Julius Center 6.118), Christiana, Floor, Jorien, Carla, Mart and
others, you made my first days and weeks in the Julius Center easy and so smooth.
Dear WMM attendees, Wouter, Nienke, Evelien, Bastiaan, David, Douwe, Evelien
O, Fleur, Gerrita, Henri, Joppe, Jos, Lennie, Loes, Manon, Marjolein, Mirjam, Nienke P, Patricia, Peter, Susanne, Valentijn, I really enjoyed and learnt a lot from the

183

Wednesday morning discussions, coffee break togetherness, and your friendship.
Some of your comments have improved my thesis enormously.
All Julius Center friends and Van Geuns building mates, especially Sanni, Victor,
Manon, Maarten, Hanneke, Shona, Julian, Thomas, Stavros, and Anoukh, thank you
so much for those vibrant days, classes, discussions, and De Brink lunches we had
together. Maarten and Martina deserve special acknowledgement for the football
game we watched (Ajax versus Utrecht FC) and for your kind arrangement. Thank
you Thomas very much indeed for the technical support and comments on my meta-analysis manuscript.
Dear Christian brothers and sisters Gbenaga, Peter, Ogeh, Julia, Labake, Yinka,
Zenaph, Sonia, (Armstrong and Ifunanya), and Joseph, I do not have words to express my happiness and how lucky I was to meet you in the Netherlands. I have
enjoyed all the Bible verses we shared, the delicious Nigerian food I ate, your encouragement and life testimonies whenever I was down. Tommi, Hanna and your
family, Lord bless you much for those wonderful times we had and your hospitality. All Crossroad Utrecht church members (especially Alex, Hanneke, Mary, and
Adrian) you impacted my life and your Christly togetherness was unforgettable
especially in my first days in the Netherlands. Dear Selam and Noah I pray heavenly
blessings to shower in your life and in your family as whole for those Christly hosting and church time we had in Wageningen. God bless all Ethiopian brothers and
sisters I met in Wageningen church, especially Paster Bereket.
My paranimfen Floor (Fred and your family) and Wouter, you have been like a sister and brother to me, respectively. I had no reservation when I asked you to be my
paranimfen that you would not let me down. I cannot repay your favor but I always
pray that God bless you much. Without your kind support, the printing of my thesis
and organization of the ceremony would not be possible.
Big thanks to Margreet, Vroon, Els, Marijn that you are wonderful landladies and I
will never forget the hospitality and support throughout my stay at wonderful apartment on the famous street Biltstraat. Dear Els, kindly extend my sincere gratitude to
your husband, your son and daughter for the delicious dinner we had at your place.
Hey Biltstraat Gang (apartment mates Saman, Marcus, Mathew, Stephano, Gbenga,
Ana, Mateo, Mohamed, Rubin, and Leili), I have enjoyed my stay at Biltstraat apartment due to your companionship. Lord bless you wherever you are.

184

Acknowledgments

I am highly indebted to all my friends in Ethiopia (Erkihun, Dr Tesfanew, Tizalegn,
Solomon, Fikiru, Tadesse, and so on), the data collectors in Dilla University hospital
(SrAsnika, Sr Genet, Temesgen, Desalegn), clinicians, laboratory technologist at St
Peter TB Specialized Hospital,data clerks at St Paul Hospital, and study participants
at HIV Chronic Care Unit of Dilla University Hospital, St Paul Hospital, and St Peter’s TB Specialized Hospital. I am so thankful, also to those who are not mentioned
here who impacted my life positively.
To my father Tadesse and my mother Hirut, I am grateful for all your prayers and
your love as parents since my childhood. God bless you abundantly in the years
ahead. My little sister Dureti, I always love you and I believe that you have a potential to achieve more than what I did. Addisnuro you are so special to our family,
Lord bless your education life career. My brothers Emanuel and Dawit, sisters Misgana and Dagmawit, Lord bless all the years ahead. My uncle Teferra and your
family, Lord bless you much.
At last, but never the least, for my heavenly gift, my wife Addis, I am deeply delighted that I am privileged to have you as my soul mate. I love you so much and
thank you very much indeed for those prayers and patience to be on my side in those
desperate times and till to date.

185

186

About the author

187

188

About the author

Henok’s Biosketch
Henok Tadesse Ayele was born on June 25, 1981 in Dilla, Gedeo province in south Ethiopia. He attended primary education in Golla elementary school from September 1989- June 1993, secondary school education at Dilla comprehensive high
school from September 1996- June 2000 and completed high school training scoring very great distinction in national high school leaving certificate exam. He joined Dilla College of teacher education and health Sciences College and got bachelor
of sciences training in public health officer from September 2000 to July 2004.
Then he worked as primary health care center head with additional responsibilities
as a clinician from October 13, 2004- October 2006. In November 2006, he started
master of public health training in Jimma University in Ethiopia finished the training with very great distinction. Then joined Dilla University as a lecturer in public
health and cofounded Dilla College of health and medical sciences in August 2008.
He had worked as the dean of the college until he joined UMC Utrecht for PhD
training (Prof. Dr. Marc Bonten’s research group) in September 2012. As part of the
PhD training he studied epidemiology postgraduate in infectious diseases epidemiology. Since November 2015, he is working as the vice chancellor of Dilla University
(he is the youngest public university president in Ethiopia).

189

The way forward
The studies in this thesis demonstrated that IPT reduces
the risk of TB in HIV infected people even though this
effect could not be shown in prevention of all-cause
mortality or HIV disease progression.
TB/HIV incidence and prevalence has substantially
reduced in the last three decades, but this disease
continues to affect the poorest in both developed
and developing countries, disproportionally in
Sub-Saharan African countries. The WHO has set a new
global plan, the so-called “Sustainable Development
Goals (SDG)”, which, among other goals, aims at
TB and HIV elimination by year 2030. So as to
achieve this target, IPT should be implemented on a
large scale in addition to other TB-HIV prevention
packages. Potential predictors of adherence to IPT such
as HIV related stigma, opportunistic infections, and
concomitant therapies should be addressed. In addition,
IPT likely is more effective if it is initiated at the earlier
stages of HIV disease. It needs a proper strategy to
engage health care providers in timely prescription
of IPT for HIV infected people. Training programs
on the benefits and risks of IPT and subsequent
monitoring of health care providers might improve
early prescription of IPT. The risk of MDR TB after
IPT and adverse drug reactions seems limited, but
further quantification is needed. For this purpose, close
coupling of implementation with research programs
could provide the much needed information. In sum,
IPT implementation should be strengthened globally
especially in countries with and elevated burden of
HIV infection. Governments, donor organizations,
nongovernmental organizations, technical agencies, and
the public and private medical sectors must collaborate
in order to achieve the SDG targets.
Henok Tadesse Ayele

