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Abstract

Our objective was to determine tuberculosis (TB) incidence and evaluate TB risk in adults after one or more years
of use of combination antiretroviral therapy (cART) through a retrospective cohort study in Jos, Nigeria. We
studied a cohort of HIV-infected adults treated with ART for at least 1 year. Based on immunologic and virologic
responses to ART, patients were categorized into four groups: CD4 T cell count ‡ 350 cells/mm3 and HIV-1
RNA level £ 400 copies/ml (group 1), CD4 T cell count ‡ 350 cells/mm3 and HIV-1 RNA level > 400 copies/ml
(group 2), CD4 T cell count < 350 cells/mm3 and HIV-1 RNA level £ 400 copies/ml (group 3), and CD4 T cell
count < 350 cells/mm3 and HIV-1 RNA level > 400 copies/ml (group 4). Time to incident TB for the four groups
was analyzed using the Kaplan–Meier method. Cox regression models were used to evaluate predictors of
incident TB. In this cohort of 5,093 HIV-infected adults, of which 68.4% were female, with a mean age 35.1 years
(standard deviation 9.1 years), we observed 98 cases of incident TB during 4 years and 3 months of follow-up.
The overall TB incidence rate was 8.7 cases/1,000 patient-years of follow-up. Adjusted hazards for incident TB
were 2.11 (95% CI 0.97–4.61), 2.05 (95% CI 1.10–3.79), and 3.65 (95% CI 1.15–5.06) in group 2, 3, and 4 patients,
respectively, compared to group 1. Tuberculosis incidence in patients on ART is driven by poor immunologic
and/or virologic response. Optimization of HIV treatment should be prioritized to reduce the burden of TB in
this high-risk population.

Introduction

In countries with an HIV prevalence greater than 1%,
the World Health Organization (WHO) estimates that

persons with HIV infection are at 20 times greater risk for
developing tuberculosis (TB) compared to those without
HIV.1 Despite substantial gains made in the management of
HIV in the last decade, TB remains a major cause of death
among HIV-infected persons.2,3

The risk of TB spans the spectrum of HIV disease and is
greatest in the setting of immunosuppression resulting from
depleted CD4 T cells.4,5 Combination antiretroviral therapy
(cART) reduces the incidence of TB by 70–90% in HIV-infected
individuals; however, TB risk in this group remains higher
than in the general population.6–8 The exact CD4 T cell count

threshold below which there is increased risk for TB remains
unknown. An inverse relation between risk for TB and CD4 T
cell count has, however, been demonstrated.9,10 The influence
of virologic response on TB risk, independent of CD4 T cell
count, is also uncertain.

Between 8% and 26% of HIV-infected patients in sub-
Saharan Africa die in the first year of ART use, with most
deaths occurring in the first few months.11 Most of these
deaths are likely due to TB when adjustments are made for TB
underdiagnosis and underreporting.11 Consequently, early
ART initiation and aggressive promotion of routine TB
symptom screening during the early months of cART are
among the interventions prescribed for the control of TB in
HIV-infected patients.12 In contrast, there is a relative dearth
of data to formulate evidence-based interventions for TB
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control during long-term ART. Specifically, little is known
about the incidence of TB after the first year of ART, and how
the virologic and immunologic status attained after the first
year of ART modulates subsequent TB risk.

To address this knowledge gap, we designed the current
study taking advantage of data from the largest HIV treat-
ment center in Nigeria. Our primary aim was to determine
TB incidence after the receipt of at least 1 year of ART. In
addition, we sought to determine the impact of immunologic
and virologic status after 1 year of ART on subsequent risk
for TB.

Materials and Methods

Study design and participants

We performed a retrospective cohort study of adult pa-
tients ( ‡ 18 years) treated with ART for at least 1 year between
January 2006 and March 2011 at the Jos University Teaching
Hospital ( JUTH) HIV clinic. We excluded patients who had
(1) a history of antiretroviral therapy prior to enrollment at the
JUTH HIV clinic, (2) those with no HIV RNA or CD4 T cell
count results after 1 year of ART, or (3) a diagnosis of TB
during the first year of ART.

Study setting

In 2002, the JUTH HIV treatment program commenced with
support from the Government of Nigeria and subsequently
from the United States President’s Emergency Plan for AIDS
Relief (PEPFAR). During the study period, ART was initiated
by local providers using the WHO-based Nigerian National
HIV treatment guidelines,13 which recommended starting ART
in patients with CD4 T cell count < 200 cells/mm3 or WHO
stage IV disease irrespective of CD4 T cell count. First-line ART
consisted of stavudine (d4T) or zidovudine (ZDV) or tenofovir
(TDF) with lamivudine (3TC) or emtricitabine (FTC) and ne-
virapine (NVP) or efavirenz (EFV). Patients with CD4 T cell
counts less than 350 cells/mm3 received daily co-trimoxazole
prophylaxis. None of the patients received isoniazid preven-
tive therapy (IPT) despite recommendations in the National TB
treatment guidelines.14 All patients picked up their anti-
retroviral drugs at the pharmacy units within the clinic com-
plex and pharmacy pick-ups were electronically captured. The
pharmacy record was used to determine duration on cART,
with the date of ART initiation used as a reference point. A year
of ART use was defined as 365 days from the date of ART
initiation.

Adherence to ART was expressed as a percentage and as-
sessed using pharmacy pick-up dates. Adherence was re-
ported as 100% if the patient picked up ART on or before the
due date. Adherence was reduced proportionally after each
missed day of the appointment.

HIV treatment and monitoring

Routine follow-up of patients on ART occurred monthly or
every other month for drug pick-ups and included adherence
counseling and a brief clinical review. Emergency visits as
clinically indicated were allowed outside the usual schedule.
Patients who missed three consecutive scheduled clinic visits
were considered lost to follow-up. Antiretroviral treatment
response was assessed using CD4 T cell count and HIV-1
RNA assays determined on site using Partec CyFlow Counter

and Roche PCR Amplicor Monitor version 1.5, respectively.
These tests were performed as per routine clinic care at
baseline, 3 and 6 months after ART initiation, and every
6 months subsequently.

Data collection

Information on clinical parameters including WHO HIV
clinical stage and antiretroviral therapy was routinely
captured by providers at all patient encounters in an elec-
tronic data collection system. This was merged with data-
bases for pharmacy dispensing and laboratory results
(hematology, chemistry, CD4 T cell count, and HIV-1 RNA)
into a central data repository managed by the Harvard
School of Public Health, Boston, MA. For this study, we
retrospectively analyzed deidentified data captured longi-
tudinally in the merged database. Patients provided in-
formed consent for their information to be used for analyses
of treatment trends and outcomes upon entry into the clinic.
The study was approved by the Institutional Review Boards
of the Jos University Teaching Hospital and Harvard School
of Public Health, and was ruled exempt at Northwestern
University.

Incident TB diagnosis and treatment

Routine screening for TB (using symptoms, chest radio-
graph – sputum smear microscopy) was the standard of care
for all new patients engaging in care at the JUTH HIV clinic.
Patients with symptoms suggestive of TB underwent chest
radiograph and sputum smear microscopy for acid fast bacilli
(AFB). Other available radiologic, microbiologic, and histo-
logic evaluations were performed as appropriate. Myco-
bacterial culture was not routinely done. The treating
physician made the diagnosis of TB using clinical, radiologic,
and laboratory (including histology) tests. All AFB smear
positive cases were diagnosed as TB. In patients with a neg-
ative AFB smear, TB could be clinically diagnosed based on a
combination of symptoms including chronic cough, fever,
night sweats, unexplained weight loss, or features of extra-
pulmonary TB, and appropriate radiograph and laboratory
(including histology) tests.

New TB cases (WHO category 1) were treated with qua-
druple antitubercular therapy consisting of rifampicin (or ri-
fabutin if on a protease inhibitor), isoniazid, ethambutol, and
pyrazinamide for the first 2 months, then ethambutol and
isoniazid for the remaining 6 months. Tuberculosis treatment-
experienced patients (WHO category 2) received daily strep-
tomycin injection for the first 2 months of TB treatment in
addition to the drugs received by category 1 patients, as well
as a longer treatment duration of 8 months, as recommended
by the National Tuberculosis and Leprosy Control Program
(NTBLCP) Nigeria guidelines.14

The primary outcome measure for this study was incident
TB after at least 1 year of ART. TB was defined using electronic
pharmacy records as the initiation of antitubercular therapy.

Covariates

The primary covariates of interest were immunologic and
virologic responses to ART. Based on CD4 T cell count and
HIV-1 RNA level attained at the end of the first year on ART,
we defined four treatment response groups (TRGs): TRG 1:
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CD4 T cell count ‡ 350 cells/mm3 and HIV-1 RNA level £ 400
copies/ml. TRG 2: CD4 T cell count ‡ 350 cells/mm3 and
HIV-1 RNA level > 400 copies/ml. TRG 3: CD4 T cell counts
< 350 cells/mm3 and HIV-1 RNA level £ 400 copies/ml.
TRG 4: CD4 T cell counts < 350 cells/mm3 and HIV-1 RNA
level > 400 copies/ml.

For this study, CD4 T cell count ‡ 350 cells/mm3 was
considered a good immunologic response and an HIV-1 RNA
level below the limit of assay detection ( £ 400 copies/ml) was
considered a good virologic response. The CD4 T cell
threshold of 350 cells/mm3 was chosen based on more recent
WHO recommendations to initiate ART in asymptomatic
patients with a CD4 T cell count below 350 cells/mm3,15 in-
stead of below 200 cells/mm3 as recommended previously.16

CD4 T cell count (in increments of 100 cells/ mm3) and log
change in HIV-1 RNA (log change) after the first year of ART
were also independently modeled as linear variables.

As quantification of HIV-1 RNA is not readily available in
most resource-limited settings, we also compared TB incidence
in patients with a CD4 T cell count of 350 cells/mm3 and above
to those with a CD4 T cell count below 350 cells/mm3, irre-
spective of HIV-1 RNA.

In adjusted analyses, all variables that were significant in
the univariate analysis at p < 0.20 or were considered a priori
to be of clinical importance were included. Based on these
criteria, variables included in the model were age groups
( < 30, 30–45, and > 45 years), sex, previous TB (defined as TB
before the commencement of ART), WHO stage at initiation of
ART,17 level of education (secondary or higher versus pri-
mary or less), marital status, and baseline CD4 T cell count at
time of ART initiation.

Data analysis

We calculated overall TB incidence as the number of cases
per 1,000 patient-years of follow-up (PYFU). Follow-up was
determined as the time between a year of ART and the date of
incident TB diagnosis, the last clinic visit before March 2011, or
death/loss to follow-up. Time to incident TB for each of the four
treatment response groups was analyzed using the Kaplan–
Meier method to estimate cumulative TB-free survival proba-
bilities. Univariate and multivariate Cox proportional hazards
regression models were used to calculate hazard ratios (HRs)
with 95% confidence intervals. We evaluated for confounding
using stratification and for interactions by including interaction
terms in the models. Due to the low incidence of TB in the study
population, as a sensitivity analysis we ran the identical model
estimated with Poisson regression with follow-up time after a
year of treatment as the exposure variable. Because incidence
rate ratio results were virtually identical to Cox model results,
we present all results as hazards ratios derived from the Cox
model. Statistical analyses were done using SPSS version 19.0
(Chicago, IL) and Stata version 11 (College Station, TX).

Results

Cohort characteristics and follow-up

A total of 9,164 HIV-infected patients received treatment at
the adult HIV clinic of JUTH between January 2006 and March
2011. A total of 2,598 patients were excluded because they
failed to reach 1 year on ART for unknown reasons. Therefore,
5,093 adults who were on ART for more than a year were
included in our analyses. Study cohort selection using pre-
defined inclusion/exclusion criteria is shown in Fig. 1.

A majority of the study patients were female (68.4%), with a
mean age of 35.1 [standard deviation (SD) of 9.1] years and a
median CD4 T cell count at ART initiation of 153 cells/mm3

[interquartile range (IQR); 87, 172] (Table 1). Nonnucleoside re-
verse transcriptase inhibitors (NRTIs) were used by 99.8% of the
study cohort, while the remaining patients received a triple
NRTI-based or protease inhibitor (PI)-based regimen. Nevir-
apine was a component of first-line ART for 76.9% of the study
population, while 22.9% received an efavirenz-containing first-
line regimen. The mean ART drug adherence for the cohort was
93.15% (95% CI; 93.01–93.30). The mean adherence was 92.60%
(95% CI; 91.58–93.61) for patients who developed TB and 93.16%
(95% CI; 91.58–93.31) for patients who were TB free; p = 0.29.

The median duration of follow-up was 26.5 months (IQR;
14.7, 38.2) with a total of 11,235 PYFU accrued. By March 2011,
10 (0.2%) deaths, 512 (10.1%) transfers to other HIV treat-
ment centers, and 631 (12.4%) loss to follow-up cases were
documented.

TB incidence

A total of 98 patients (1.9%) were diagnosed with incident
TB over a follow-up period of 4 years and 3 months, with
64.29% smear positive TB, 12.24% smear negative, and 23.47%
exclusively extrapulmonary disease. The overall TB incidence
rate was 8.7 cases per 1,000 PYFU. The TB incidence in the four
TRGs is shown in Table 2. Twenty patients (20.4%) had un-
detectable CD4 T cell counts at the time of TB diagnosis. Tu-
berculosis incidence rates (95% CI) were 12.5 (9.7–16.2), 7.2
(4.8–10.7), 5.2 (2.9–9.4), and 3.3 (1.1–10.1) per 1,000 PYFU in the
first, second, third, and fourth year of follow-up, respectively.

FIG. 1. Flow chart of patients in the study cohort based on
inclusion/exclusion criteria This figure shows patient selec-
tion for the study based on predetermined inclusion and
exclusion criteria. *JUTH, Jos University Teaching Hospital;
HIV, human immunodeficiency virus; ART, antiretroviral
therapy.
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One hundred and thirty-one patient-years were accrued in the
last 3 months of observation (fifth year) with no documented
case of incident TB.

HIV treatment response and risk for TB

Kaplan–Meier cumulative TB-free survival curves catego-
rized by patient HIV treatment response group after the first
year of ART are illustrated in Fig. 2 (log rank test p = 0.005).

Unadjusted and adjusted hazard ratios for incident TB are
show in Table 3. Compared to patients in TRG 1 (CD4 T cell
count ‡ 350 with viral suppression), hazard ratios (95%CI) for
incident TB were 2.11 (0.97–4.61), 2.04 (1.10–3.79), and 3.65
(1.95–6.83) in TRG 2 (CD4 T cell count < 350 with viral sup-
pression), TRG 3 (CD4 T cell count ‡ 350 without viral sup-
pression), and TRG 4 (CD4 T cell count < 350 without viral
suppression), respectively, after adjusting for age, sex, level of
education, and marital status, as well as WHO HIV clinical
stage, prior TB, and CD4 T cell count at ART initiation.

In multivariate Cox regression analysis utilizing CD4 T cell
count instead of TRGs (irrespective of HIV RNA levels), the
hazard ratio for incident TB was 0.47 (95% CI 0.28–0.77) in
patients with CD4 T cell ‡ 350 cells/mm3 compared to those
with CD4 T cell counts below 350 cells/mm3 after the first
year on ART.

When modeled as linear variables, adjusted hazards for
incident TB decreased by 12% (95% C1 0.78–0.99) per 100 cell
increment in CD4 T cell count and increased by 41% (95% CI
1.16–1.71) for each log rise in VL (model not shown).

Other risk factors for TB

Age, sex, CD4 T cell count at time of ART initiation, TB
treatment prior to ART initiation, and level of education were
not independent risk factors for incident TB, but being un-
married was an independent risk factor for incident TB (ad-
justed HR = 1.74, 95% CI 1.16–2.58). In subgroup analysis
based on sex, being unmarried was associated with increased
hazards for incident TB only in men (HR 2.39, 95% CI 1.16–
4.85), but not in women (HR 1.58, 95% CI 0.95–2.62). Although
TB risk increased with WHO HIV clinical stage at initiation of
ART, the differences were not statistically significant.

Discussion

We sought to estimate the incidence of TB after a year of ART,
and determine how TB risk was influenced by immunologic

Table 1. Baseline Characteristics of 5,093 Patients

on Combination Antiretroviral Therapy for More

Than 1 Year at Jos, Nigeria (2006–2011)

Characteristic

No
tuberculosis

N (%)

Incident
tuberculosis

N (%) p-value

All 4,995 98
Sex, male 1,563 (31.3) 33 (33.7) 0.66

Age groups (years) 0.73
< 30 1,805 (36.1) 34 (34.7)
‡ 30 to < 45 2,512 (50.3) 48 (49.0)
‡ 45 678 (13.6) 16 (16.3)

Marital status,
married

2,856 (57.2) 43 (43.9) 0.01

Secondary or higher
level of education

3,089 (61.8) 55 (56.1) 0.25

WHO HIV clinical stagea 0.06
1 2,177 (43.8) 31 (31.6)
2 1,433 (28.9) 33 (33.7)
3 1,151 (23.0) 26 (26.5)
4 224 (4.5) 8 (8.6)

Treatment response
groupb

< 0.01

1 1,740 (34.8) 17 (17.3)
2 529 (10.6) 10 (10.2)
3 1,745 (34.9) 37 (37.8)
4 981 (19.6) 34 (34.7)

Tuberculosis prior
to HIV treatment

309 (6.2) 11 (11.2) 0.06

aWorld Health Organization HIV clinical stage.17

bTreatment response group (TRG) 1 = CD4 T cell count ‡ 350 cells/
mm3 and viral load £ 400 copies/ml; TRG 2 = CD4 T cell count ‡ 350
cells/mm3 and viral load > 400 copies/ml; TRG 3 = CD4 T cell count
< 350 cells/mm3 and viral load £ 400 copies/ml; TRG 4 = CD4 T cell
count < 350 cells/mm3 and viral load > 400 copies/ml; results
obtained after the first year of ART.

Obtained from v2 test.

Table 2. Tuberculosis Incidence Rates per 1,000
Person-Years (95% CI) in 5,093 Patients

on Combination Antiretroviral Therapy

for More Than 1 Year at Jos, Nigeria (2006–2011)

Rate per 1,000
person years 95% CI

Overall 8.72 7.15–10.63

Treatment response groupa

1 4.31 2.68–6.93
2 9.20 4.95–17.08
3 8.84 6.41–12.20
4 16.60 12.03–23.56

Sex
Male 9.29 6.61–13.07
Female 8.46 6.63–10.79

Age groups (years)
< 30 8.41 6.01–11.77
‡ 30 to < 45 8.54 6.44–11.33
> 45 10.19 6.25–11.63

Marital status
Married 6.66 4.94–8.98
Unmarried 11.51 8.84–15.00

Educational level
Less than secondary 10.33 7.66–13.93
Secondary and above 7.77 5.97–13.93

WHO HIV clinical stageb

1 6.67 4.70–9.49
2 8.83 6.27–12.41
3 11.31 7.70–16.60
4 14.51 7.26–29.01

TB prior to HIV treatment
Yes 15.30 8.47–27.62
No 8.27 6.67–10.21

aTreatment response group (TRG) 1 = CD4 T cell count ‡ 350 cells/
mm3 and viral load £ 400 copies/ml; TRG 2 = CD4 T cell count ‡ 350
cells/mm3 and viral load > 400 copies/ml; TRG 3 = CD4 T cell count
< 350 cells/mm3 and viral load £ 400 copies/ml; TRG 4 = CD4 T cell
count < 350 cells/mm3 and viral load > 400 copies/ml; results
obtained after the first year of ART.

bWorld Health Organization HIV clinical stage.17
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recovery and virologic suppression with HIV treatment. We
employed a novel approach of risk stratification using a com-
bination of CD4 T cell count ( < 350; ‡ 350 cells/mm3) and HIV
RNA levels [ £ 400 (undetectable); > 400 copies/ml (detectable)]
attained after a year of ART. We found that the overall TB

incidence rate was 8.72 per 1,000 PYFU, much higher than the
estimated case notification rate in Nigeria (3.11 per 1,000 person
years).18 This was largely driven by the high incidence of TB in
persons with poor immunologic and/ or virologic responses to
ART. The TB incidence in persons with CD4 T cell count ‡ 350
cells/mm3 and undetectable HIV RNA levels after a year of
cART was 4.31 per 1,000 PYFU, which remains higher than the
estimated TB incidence in the general population. Similarly,
results from a recently published South African cohort showed
that TB incidence remained significantly higher among HIV-
infected persons on long-term ART with a CD4 T cell count
above 700 cells/mm3 compared to HIV-seronegative commu-
nity members.19 We have demonstrated in our study that de-
spite attaining a high CD4 T cell count, viral load over
400 copies/ml is also associated with increased TB risk.

The TB incidence rates in this study are lower than rates
reported in studies from other countries with high TB and
HIV burden. Reported incidence rates of TB among HIV-
infected persons were 104, 73, 31, 28, 23, and 4.6 per
1,000 PYFU in Thailand,20 South Africa,9 Uganda,21 India,22

Senegal,10 and Europe and North America,23 respectively.
A major contributor to this difference in TB incidence is our
exclusion of TB cases occurring during the first year of ART,
which is frequently very high and attributable in part to
unmasking of subclinical disease.9 Variations in TB incidence
may also be due to differences in background HIV and TB
disease burden in the various countries.

We found that exposure to ART was associated with a 73%
reduction in incidence of TB between the first and fourth year
after ART initiation. Similar reductions in risk of TB in HIV
cohorts on ART have been reported in prospective studies in
South Africa by Lawn et al.24 (71.1%). This study, however,

FIG. 2. Kaplan–Meier plots of tuberculosis free survival
proportions among 5,093 patients after 1 year of combination
antiretroviral therapy (cART) based on risk groups based on
CD4 count and viral loads (log rank p = 0.05). Treatment re-
sponse group (TRG) 1 = CD4 T cell count ‡ 350 cells/mm3 and
viral load £ 400 copies/ml; TRG 2 = CD4 T cell count ‡ 350
cells/mm3 and viral load > 400 copies/ ml; TRG 3 = CD4 T cell
count < 350 cells/mm3 and viral load £ 400 copies/ml; TRG
4 = CD4 T cell count < 350 cells/mm3 and viral load > 400
copies/ ml; results were obtained after the first year of cART.

Table 3. Cox Proportional Hazard Model Results for Risk Factors of Incident Tuberculosis in 5,093 Patients

After the First Year of Combination Antiretroviral Therapy at Jos, Nigeria (2006–2011)

Unadjusted analysis Adjusted analysis

Hazard ratio (95% CI) Hazard ratio (95% CI)

Treatment response groupa

1 1 Ref 1 Ref
2 2.08 (0.95–4.45) 2.11 (0.97–4.61)
3 2.11 (1.19–3.74) 2.04 (1.10–3.79)
4 3.84 (2.15–6.87) 3.65 (1.95–6.83)

Sex, male 1.10 (0.73–1.68) 1.12 (0.70–1.77)

Age group (years)
< 30 1 Ref 1 Ref
‡ 30 to < 45 1.01 0.65–1.57 0.97 0.62–1.53
> 45 1.22 0.67–2.20 1.11 0.59–2.10

Marital status, married 0.59 0.39–0.86 0.57 0.38–0.86
Secondary and above level of education 0.76 0.52–1.14 0.74 0.49–1.12

WHO HIV clinical stageb

1 1 Ref 1 Ref
2 1.43 0.87–2.33 1.28 0.78–2.10
3 1.64 0.97–2.77 1.24 0.71–2.18
4 2.30 1.06–5.01 1.75 0.79–3.85

TB prior to HIV treatment 1.88 1.01–3.52 1.63 0.82–3.22
Baseline CD4 T cell count — — 1.00 0.99–1.00

aTreatment response group (TRG) 1 = CD4 T cell count ‡ 350 cells/mm3 and viral load £ 400 copies/ml; TRG 2 = CD4 T cell count ‡ 350
cells/mm3 and viral load > 400 copies/ml; TRG 3 = CD4 T cell count < 350 cells/mm3 and viral load £ 400 copies/ml; TRG 4 = CD4 T cell
count < 350 cells/mm3 and viral load > 400 copies/ml; results obtained after the first year of ART.

bWorld Health Organization HIV clinical stage.17
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differs from our study because of the inclusion of incident TB
cases in the first year of ART and smaller sample sizes.

The role of CD4 T cell depletion in increasing the risk for TB
has long been established25; however, the influence of HIV
viral replication, independent of CD4 + T cell depletion, on
risk for TB is yet to be fully elucidated. Mechanistically, HIV
has been shown to alter the function of innate immune cells,
particularly alveolar macrophages. Phagocytosis of Myco-
bacterium tuberculosis (MTb) by alveolar macrophages appears
to be enhanced in HIV-infected persons,26 possibly due to
chronic activation of the macrophages.27 When compared to
alveolar macrophages from non-HIV-infected persons, HIV-
infected macrophages have decreased release of cytokines
and chemokines,28 impaired MTb phagosomal maturation,29

as well as decreased apoptosis in response to MTb28: factors
that may impair host defence against TB. These reasons may
explain the association we found between high HIV RNA
levels, low CD4 T cell counts, and increased risk for TB. Ad-
justed hazards for incident TB in our study population were
highest in persons with detectable HIV RNA and CD4 T cells
counts < 350 cells/mm3 (TRG 4), with hazards for incident TB in
this group being 3.65 higher than the reference group (TRG 1).
Persons with high CD4 T cell counts and detectable HIV RNA
levels, however, had a risk profile comparable to those with
low CD4 T cell counts and undetectable HIV RNA levels,
suggesting that HIV viral replication plays a role in increasing
TB risk independent of CD4 T cell depletion. This is supported
by the independent association between HIV RNA levels and
TB risk for TB, with a log increment in HIV RNA being as-
sociated with a 41% increase in hazards for incident TB.

An incidental finding was the increased risk of TB among
unmarried men. Male sex and being unmarried have been
previously described as independent risk factors for TB among
Africans,30 with a genome-wide study suggesting that an
X-chromosome susceptibility gene may contribute to the excess
TB risk reported in males31; however, this finding requires
further study. Single males may also indulge in social habits
such as cigarette smoking, which may increase the risk for TB.

The strengths of our study include the large cohort size and
quality of prospectively captured data from a center with
integrated TB and HIV services. Our large cohort provided
adequate power to evaluate TB risk in subgroups of patient
stratified by response to treatment. Among the limitations of
this study were the limited availability of culture facilities, the
gold standard for TB diagnosis. Although this had limited
potential to introduce bias to this study since the same set of
criteria was used for TB diagnosis in all patient groups,
overestimation or underestimation of TB incidence cannot be
excluded conclusively. Another limitation was the high at-
trition rate. We handled this through the use of the Cox re-
gression models that robustly handle variable follow-up
periods. Finally, CD4 T cell counts and HIV-1 RNA levels
were not modeled as time varying covariates. We considered
the 1-year immunologic and virologic responses to ART to be
adequately predictive of subsequent risk for incident TB.

Conclusions

Our findings have implications for HIV treatment pro-
grams in regions of high TB and HIV burden. To effectively
reduce the rate of TB in HIV-infected patients on ART, treat-
ment programs must optimize long-term immunologic and

virologic responses to HIV treatment. High rates of first-line
and second-line ART failure need to be addressed, with
strategies established for early identification and switching of
patients failing therapy.32,33 Implementation of isoniazid
preventive therapy in HIV-infected person should also be
prioritized. In addition to universal screening of all HIV-
infected patients for TB at the initiation of HIV care, routine
TB screening in patients failing ART in countries with high
TB burdens should also be advocated. We also need to invest
in innovative point of care TB diagnostic tools at HIV treat-
ment facilities with high TB burdens.
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