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SUMMARY

Background—Tuberculosis (TB) is a common diagnosis in HIV-infected patients on

antiretroviral therapy (ART).

Objective—To describe TB-related practices in ART programmes in lower-income countries and

identify risk factors for TB in the first year of ART.

Methods—Programme characteristics were assessed by standardized electronic questionnaire.

Patient data from 2003-2008 were analyzed and incidence rate ratios (IRRs) calculated using

Poisson regression models.

Results—Fifteen ART programmes in 12 countries in Africa, South America and Asia were

included. Chest X-ray, sputum microscopy and culture were available free of charge in 13

(86.7%), 14 (93.3%) and eight (53.3%) programmes, respectively. Eight sites (53.3%) used

directly observed therapy and five (33.3%) routinely administered isoniazid preventive therapy

(IPT). A total of 19,413 patients aged ≥16 years contributed 13,227 person-years of follow-up;

1,081 new TB events were diagnosed. Risk factors included CD4 cell count (adjusted IRR

comparing >350 cells/μL with <25 cells/μL 0.46, 95% CI 0.33-0.64, P<0.0001), gender (adjusted
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IRR comparing women with men 0.77, 0.68-0.88, P=0.0001) and use of IPT (IRR 0.24, 95% CI

0.19-0.31, p<0.0001).

Conclusions—Diagnostic capacity and practices vary widely across ART programmes. IPT

prevented TB but was used in few programmes. More efforts are needed to reduce the burden of

TB in HIV co-infected patients in lower income countries.
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INTRODUCTION

Tuberculosis (TB) remains a major public health problem worldwide. Human

immunodeficiency virus (HIV) co-infection is a strong risk factor for TB, which increases

the lifetime risk of progression from infection with Mycobacterium tuberculosis to active

disease from 10% per lifetime to 5% to 15% per year.1 Importantly, HIV co-infection has

contributed to the increase in TB incidence in recent decades and 10% to 15% of TB cases

globally are now co-infected with HIV.2;3 Antiretroviral therapy (ART) has substantially

improved the prognosis of HIV-infected patients in both industrialized and low-income

countries.4 Access to ART in resource-limited settings, where 90% of people with HIV

infection or AIDS live, has increased in recent years: the World Health Organization (WHO)

estimates that about four million people were receiving ART in low- and middle-income

countries by the end of 2008, a ten-fold increase during the past five years.5

In many resource-constrained settings TB is the most common AIDS-defining illness.6 TB is

often present, but not necessarily diagnosed, at the start of ART.7 After starting ART an

immune reconstitution syndrome may occur in patients with TB, and contribute to the high

mortality in the first months of treatment observed in resource-limited settings.8 The

incidence of TB can be substantially reduced by ART, both in adults6;9 and children,10;11

but additional interventions are needed to control TB in HIV-infected patients, including, for

example, isoniazid preventive therapy (IPT) and screening of patients starting ART for TB:

the concomitant start of ART and TB treatment can improve survival.12 Adding chest X-ray

and mycobacterial sputum culture to screening for symptoms substantially increase the yield

and accuracy of screening.13;14

We describe approaches to the prevention, diagnosis and treatment of TB in ART

programmes in lower income settings and examined the determinants of incident TB in the

first year of ART.

METHODS

We performed an electronic survey among sites participating in a network of ART treatment

programmes in Africa, Asia and Latin America to assess programme level predictors of TB

and obtained individual patient data to analyze the incidence and lethality of TB in the first

year after starting ART.

The ART in Lower Income Countries collaboration

The ART in Lower Income Countries (ART-LINC) collaboration of the International

epidemiological Databases to Evaluate AIDS (IeDEA) is a collaborative network of 24 HIV/

AIDS treatment programmes in low- and middle-income countries in Africa, South America

and Asia.15 The collaboration was set up in 2003 to define the prognosis of HIV-infected
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patients treated with ART in resource-limited settings, to compare experiences between

different settings, delivery modes and types of monitoring, and to compare outcomes with

those observed in industrialized nations. Patients are followed up every three to six months.

The data collected at participating sites are cleaned, merged and analysed centrally

according to agreed protocols.15 The present analysis includes data from January 1, 2003 to

January 1, 2008, from 15 sites that prospectively recorded new TB episodes. The other nine

sites did not systematically record new TB events in their databases.

Survey of ART programmes

A cross-sectional survey of all 24 ART-LINC sites was performed in 2008. The

questionnaire was written in English, translated to French and pilot tested in both languages.

The web-based World Health Organization (WHO) Data Collector system was used to

complete the questionnaire online or offline (https://extranet.who.int/datacol/home.asp). The

questionnaire covered characteristicsof sites such as the level of care, the provision of

services, criteria for ART eligibility, use of guidelines, costs of care to patients, laboratory

monitoring; diagnosis and treatment of opportunistic infections and cancers, loss to follow

up and ascertainment of deaths. Data on services to prevent HIV infection have been

reported previously.16

Inclusion criteria and definitions

We included all ART-naïve patients aged16 years or older with a known date of starting

ART and a documented baseline CD4 cell count. ART was defined as a minimum of three

antiretroviral drugs and categorized into NNRTI-based regimen [two nucleoside reverse

transcriptase inhibitors (NRTIs) and one non-nucleoside reverse transcriptase inhibitor

(NNRTI)], PI-based regimen [two NRTIs and one protease inhibitor (PI)] and other

regimens. IPT was defined as preventive treatment of any duration with isoniazid, at or after

initiation of ART. The endpoint was defined as any new pulmonary or extra-pulmonary TB

event recorded after ART initiation. As in a previous analysis6 all TB events that were

recorded at least six months after the last TB episode were included. Time was measured

from the start of ART and ended at the earliest of: the date of a new TB event or death; the

date of the last follow-up visit; or month 12 after starting ART. National TB incidence rates

were obtained from the WHO Global Tuberculosis Report 2008.17

Statistical analysis

We examined the influence of site characteristics, including the access and costs to patients

of chest X-ray, sputum microscopy and mycobacterial culture on TB incidence, using

Poisson regression models with gamma-distributed random effects on sites with and without

adjustment for baseline CD4 cell count (<25, 25-49, 50-99, 100-199, 200-350, >350 cells/

μL), age (16-29, 30-39, 40-49, ≥50 years), gender, use of IPT, national TB incidence (0-100,

101-300, >300 cases per 100,000 population per year) and whether or not the local TB

programme was an important point of entry into the ART programme. Similarly, we

examined individual-level risk factors: CD4 cell count, age (categories see above), gender,

type of ART regimen (NNRTI-based, PI-based, other regimen) and use of IPT. In sensitivity

analyses we examined to what extent results of individual-level analyses were affected by

the exclusion of the largest programme, the Academic Model Providing Access to

Healthcare (AMPATH) in western Kenya,18 or by restricting analyses to African

programmes, or programmes outside Africa. Results are reported as number of patients (%),

medians with interquartile range (IQR) and crude and adjusted incidence rate ratios (IRR)

with 95% confidence intervals (CI). All analyses were performed in Stata version 10.1 (Stata

Corporation, College Station, TX, USA).
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Ethical Approval

All study sites had local institutional review board or ethics committee approval to collect

data and participate in ART-LINC. All data were stripped of patient identifying information

prior to transfer to the analysis centre at the University of Bern, Switzerland.

RESULTS

Figure 1 shows a map with the 15 programmes that prospectively recorded new TB events.

There were three sites in West and North Africa, two in East and Central Africa, six in

Southern Africa, two in Asia and two in South America. The map also gives the incidence of

TB per 100,000 persons in 2006, which ranged from 50 per 100,000 in Brazil to 940 per

100,000 in South Africa.17 Eleven sites (73.3%) served urban or peri-urban populations, five

sites (33.3%) were primary care centres and ten sites (67.7%) were funded by government.

Patients were referred from TB programmes, antenatal clinics, voluntary counselling and

testing centres or referred themselves to the ART clinic.

Table 1 shows the availability of chest X-ray, microbiological tests and treatment practices

across sites. Chest X-ray and sputum microscopy were free of charge in 13 (86.7%) and 14

(93.3%) sites, respectively. Mycobacterial culture was free of charge in eight (53.3%) sites,

at cost to patient in three (20.0%) and not available at four sites (26.7%). Treatment

consisted of rifampicin-based regimens in all sites. Eight sites (53.4%) used directly

observed therapy (DOT) either during the first two months or during the entire treatment

period. ITP was given routinely by five sites (33.3%) and in selected cases in another three

(20.0%). The eight sites that prescribed IPT prophylaxis excluded TB by screening for

symptoms (cough, fever, night sweat). Other criteria included weight loss and the general

condition of the patient. Seven sites additionally used sputum smears, six performed chest

X-ray and five used mycobacterial culture to rule out TB before starting IPT.

A total of 31,294 patients were enrolled in the 15 programmes and 19,413 patients (62.0%)

met criteria for inclusion in analyses. Figure 2 illustrates the selection of eligible patients

and the reasons for exclusions. Among included patients 7654 (39.4%) were from Southern

Africa, 5799 (29.9%) from East and Central Africa, 3049 (15.7%) from West and North

Africa, 1946 (10.0%) from Asia, and 965 patients (5.0%) from Latin America. The median

year of starting ART was 2005 (IQR 2004-2005), median age was 35 years (IQR 30-42

years) and 12161 patients (62.6%) were female. The median CD4 cell count was 115 cells/

μL (IQR 46-191 cells/μL); 5087 patients (26.2%) started ART with fewer than 50 CD4

cells/μL. A total of 8137 patients (41.9%) were known to be in advanced clinical stage

(WHO stage III/IV), but clinical stage was missing in 7348 patients (37.9%). Most patients

were on a NNRTI-based regimen (16861 patients, 86.9%). Compared to included patients,

adult patients who were excluded from analyses (Figure 2) had higher CD4 cell counts

(median 145 cells/μL), were older (median 36 years), more likely to be male (4636/11098,

41.8%), more likely to be on a PI-based regimen (694/11098, 6.3%) and less likely to be on

IPT (326/11098, 2.9%); P<0.0001 for all differences.

In the first year of ART, 1081 new TB events were diagnosed during 13227 person-years of

follow-up, for an overall incidence rate of 8.2 per 100 person-years (95% CI 7.7-8.7 per 100

person-years). During the same period 924 patients died (mortality rate 7.0 per 100 person-

years; 95% CI 6.5-7.5 per 100 person-years) and 1726 patients were lost to follow-up (rate

13.0 per 100 person-years; 95% CI 12.4-13.7 per 100 person-years). Patients lost to follow-

up were similar to patients remaining in care with regard to age (P=0.93) but were more

likely to be male (788/1726, 45.7% versus 6464/17687, 36.5%, P<0.0001) and had lower

CD4 cell counts (94 cells/μL versus 117 cells/μL, P<0.0001). Among patients diagnosed

with TB, 59 patients died in the first year after the diagnosis, during 280.2 person-years of
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follow-up: the overall mortality rate was thus 21.1 per 100 person-years (95% CI 16.3-27.2

per 100 person-years).

Table 2 shows crude and adjusted IRR according to the availability of diagnostic tests.

Incidence rates were higher in sites where chest X-ray, sputum microscopy ormycobacterial

culture were available free of charge compared to sites where patients were charged for

these examinations, or sites where culture was not available. These associations became

stronger in multivariable analyses, but failed to reach conventional levels of statistical

significance.

Table 3 shows crude and adjusted IRR for TB in the first year of ART. TB was associated

with lower CD4 cell counts (P<0.0001 from the adjusted model) and male gender

(P=0.0001). The association with gender was similar across age groups (P=0.60 from test of

interaction). A total of 1534 patients (7.9%) received IPT. Patients receiving and not

receiving IPT had the same median age (35 years, P=0.60) and similar median CD4 cell

counts at the start of ART (113 cells/μL compared to 115 cells/μL, P=0.97), but patients

receiving IPT were more likely to be female than patients not receiving IPT (72.7%

compared to 61.8%, P<0.0001). The use of IPT was protective, with similar IRRs from

crude and adjusted analyses. The adjusted IRR was 0.24 (95% CI 0.19-0.31, P<0.0001).

There was little evidence that the effect of IPT was modified by the degree of

immunodeficiency (P=0.65 from test of interaction). Finally, sensitivity analyses showed

that estimates were robust to the exclusion of the largest programme, or the restriction of the

analysis to African or non-African programmes.

DISCUSSION

This survey of TB-related preventive, diagnostic and treatment practices in 15 ART

programmes in Africa, Asia and Latin America showed that approaches differed widely

across programmes. For example, mycobacterial culture was available free of charge in

about half of programmes and only few programmes routinely administered IPT. The

analysis of risk factors for TB in the first year of ART showed, based on data from almost

20,000 individuals, that more advanced immunodeficiency and male gender were associated

with a higher risk of TB. The use of IPT was associated with a substantially lower risk of

TB.

IPT was routinely administered in some small sites, used when clinically indicated in others

and not used in over half of the ART programmes: overall, only 8% of patients received

IPT. In this observational study IPT appeared to reduce the risk of TB to a greater extent

than expected from the randomised trials,19 possibly because of confounding by indication if

patients at lower risk of TB were more likely to receive IPT. Of note, the beneficial effect of

IPT appeared to be independent of the degree of immunodeficiency. IPT implementation is

still a long way behind the target of the Global Plan to Stop TB, reaching less than 0.1% of

people estimated to be HIV-positive globally.17 Aït-Khaled and colleagues20 recently called

for the scale-up of IPT under the banner of the “Three I’s” (Infection control to prevent

nosocomial transmission of TB in health care settings, Intensified TB case finding and IPT),

stressing that IPT must be implemented in a safe and structured way, to prevent the

development of multidrug-resistant TB. The experience in Botswana showed that IPT can be

safe and well-tolerated in HIV-positive patients.21

Getahun and colleagues from WHO recently reported that in countries with a high

prevalence of HIV more women than men are diagnosed with TB.22 Evidence from the pre-

HIV era suggests that young and middle-aged women are more likely to progress from

infection to disease than men.23 In the present study, we found that male gender was
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associated with a higher risk of TB, and that this association was independent of age. This

might reflect differences between women and men in access to and utilisation of ART,

which substantially reduces the risk of TB.6;9-11 Interestingly, in a previous analysis of the

ART-LINC programmes we found that the proportion of female ART recipients was similar

to or higher than the UNAIDS estimates of the proportion of HIV-infected adults who are

women in the respective countries.24 Furthermore, we found no gender difference in the risk

of TB in patients starting ART in industrialized countries.6

The lack of a uniform TB case definition is an important limitation of our study. We relied

on the TB events recorded by the sites, which included for example presumptive cases in

some programmes but not others. Our results comparing incidence rates of TB across sites

with different diagnostic capabilities must therefore be interpreted with caution. The

definition of IPT was also somewhat imprecise, and included IPT of any duration at or after

the start of ART. The lack of a standardised definition is, however, less likely to have

affected the analyses of individual patient level factors, including use of IPT: these analyses

were controlled for between-programme variations. The appropriate duration and drug

combinations of chemoprophylaxis against TB is the topic of ongoing research.25;26 For

example, a recent trial from South India concluded that a 6-month regimen of ethambutol

and isoniazid was as effective as three years of isoniazid alone.25

The lack of detailed data on morbidity, with information on clinical stage missing in a

substantial proportion of patients, is another limitation. We adjusted analyses for the degree

of immunodeficiency, but not for co-morbidities or clinical stage. Our results, including

those from the individual patient data analyses, may therefore have been affected by

confounding or residual confounding. Also, we acknowledge that the sites included in the

present study will not be representative of ART programmes in their region or country: they

are mainly urban and were recruited to the collaboration because they capture data in

electronic databases. Many patients had to be excluded from analyses because of missing

information, particularly missing CD4 cell counts, and some patients were lost to follow-up

in the first year of ART. Loss to follow-up was associated with lower CD4 cell counts and

may introduce bias in estimates of TB incidence and mortality. Simulation studies have,

however, shown that this bias will be modest if fewer than 10% of patients are lost to

follow-up.27;28 Our study in a geographically very diverse set of ART programmes clearly

identified important issues related to diagnostic practices and the implementation of IPT,

interventions that are essential to reduce early morbidity and mortality in patients on ART in

resource-limited settings.20;29

The most effective screening strategy for TB among HIV-infected patients is a matter of

ongoing research. A study in Harare, Zimbabwe, showed that even smear-positive TB may

be missed in HIV-positive patients by screening for symptoms. Sensitivity and specificity of

symptom screening and sputum culture were similar in HIV-positive and HIV-negative

patients, but the positive predictive value was higher and the negative predictive value lower

in HIV-positive patients.30 A recent study from Asia proposed a clinical algorithm for HIV-

infected patient to rule out TB, based on three symptoms.14 Adding chest X-ray to screening

for symptoms increased the sensitivity of screening but requires experienced radiography

readers.14 The same study also showed that sputum culture is required for diagnosis in most

cases with symptoms. Microbiological sputum examination of all individuals without any

prior selection can yield an additional four TB cases per 100 individuals screened.31 A study

in a South African township demonstrated that active case finding targeting HIV-infected

people is successful in finding previously undiagnosed TB cases.32 The trend seen in our

study towards higher TB incidence according to availability of diagnostic examinations and

costs to patients may indicate the importance of diagnostic procedures in ART programmes.
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Although culture is more sensitive, sputum smear examination by light microscopy is often

the only diagnostic test available in lower income countries with high TB burden. But the

proportion of smear-negative pulmonary TB may range up to 60% in HIV-positive TB

patients.14;22 Accurate TB diagnosis in HIV-infected patients should ideally rely not only on

sputum smear microscopy: mycobacterial culture plays an important role in TB diagnosis

and can be part of a diagnostic algorithm.33

In conclusion, not all ART programmes routinely offer access to TB diagnostics before and

during ART, and about a third routinely used IPT. Improving diagnostic capacity,

intensifying case finding and implementing IPT more widely must be of high priority in

ART programmes in resource-limited settings, to reduce the high early mortality observed in

these settings. Further studies are needed to monitor trends in screening practices and to

define optimal TB screening and prevention strategies in ART programmes.
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Figure 1. Geographical distribution of HIV treatment programmes participating in the ART-
LINC of IeDEA collaboration

Figures in brackets refer to TB incidence (any type of TB) per 100,000 population per year

in 2006 (Source: World Health Organization17). Colours indicate IeDEA regions.
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Figure 2. Selection of study population
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Table 1

Tuberculosis related examinations and practices in 15 antiretroviral treatment programmes in Africa, Asia and

Latin America.

Characteristic N (%)

Chest X-ray

 Free of charge 13 (86.7)

 At cost to patient 2 (13.3)

Sputum microscopy

 Free of charge 14 (93.3)

 At cost to patient 1 (6.7)

Mycobacterial culture

 Free of charge 8 (53.3)

 At cost to patient 3 (20.0)

 Not available 4 (26.7)

Mycobacterial culture on site 6 (40.0)

Tuberculin skin test

 Free of charge 6 (40.0)

 Not available 9 (60.0)

Screening by interferon-based test

 Selected cases 1 (6.7)

 Never / not available 14 (93.3)

TB DOT

 During the 1st 2 months 4 (26.7)

 During entire treatment period 4 (26.7)

 Not used 7 (46.6)

TB treatment location

 In HIV clinic 4 (26.7)

 In specialized TB clinic 11 (73.3)

Isoniazid preventive therapy

 Routinely used 5 (33.3)

 Used when clinically indicated 3 (20.0)

 Not used 7 (46.7)

TB case definitions used*

 WHO definitive case definition 11 (73.3)

 WHO clinical case definition 12 (80.0)

TB, tuberculosis; WHO, World Health Organization

*
Categories not exclusive

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2012 May 1.
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