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Abstract
Objective—To quantify the impact of TB co-infection on death and loss to follow-up (LTFU) 12
months after entry into an ART program.

Design—Prospective intervention study

Methods—From May 2007-2008, patients undergoing pre-ART training in Durban, South Africa
were screened for pulmonary TB using mycobacterial culture. Subjects missing appointments for
>3 months were phoned. Patients who could not be reached were considered LTFU. Deaths were
ascertained by report from family members. We used the Kaplan-Meier method to estimate time to
LTFU or death for 3 groups at enrollment: 1) newly-diagnosed with TB by sputum culture; 2) on
TB treatment (i.e. previously-diagnosed); and 3) TB free. We evaluated the role of TB on
mortality and LTFU using Cox proportional hazards models.

Results—Nine-hundred fifty-one HIV-infected subjects were enrolled; 59% were female and
median baseline CD4 count was 90/μl (IQR 41-148/μl). One hundred forty-four (15%) were
newly-diagnosed with TB by sputum culture; an additional 199 (21%) were already on TB
treatment. By 12 months, 26% newly-diagnosed with TB at enrollment died or were LTFU,
compared to 19% already on TB treatment, and 14% who were TB free (p=0.001). Controlling for
age, sex, smoking, CD4, and opportunistic infection history, subjects newly-diagnosed with
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pulmonary TB were 76% more likely to die or be LTFU (HR 1.76, 95% CI 1.20-2.60) than those
without TB.

Conclusions—HIV/TB co-infected individuals are more likely to die or be LTFU within 12
months of ART clinic entry in South Africa. These patients require intensive follow-up during
ART initiation.
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Introduction
Tuberculosis (TB) is the leading cause of death for sub-Saharan Africans infected with
HIV.1 The substantial burden of TB at the time of enrollment into antiretroviral therapy
(ART) clinics complicates health care delivery and leads to many deaths prior to, as well as
in the early months following, ART initiation.2-4 Because of the deadly overlap of the HIV
and TB epidemics, the World Health Organization (WHO) promotes intensified TB case
finding for early case detection and integration of HIV and TB screening and treatment.5
The yield of intensified case finding depends on the screening strategy used, with as many
as 19-25% of HIV-infected ART-eligible individuals found to have previously undiagnosed
TB in South Africa when screened using mycobacterial culture.6, 7

The impact of tuberculosis on longer term mortality among HIV-infected people starting
ART remains controversial. Some studies have found that individuals on TB treatment at the
time of ART initiation do not suffer from increased mortality when controlling for CD4
count, body mass index, and other confounding factors,8, 9 while others have found a
significant increase in mortality.2, 4 Most studies have relied on clinical signs and symptoms
for the diagnosis of TB, which may underestimate both TB prevalence and incidence,
particularly among HIV-infected individuals.6, 10, 11 Therefore, there are limited data
available on the impact of an intensive TB screening strategy on mortality and loss to
follow-up (LTFU). Our objective was to quantify the impact of HIV/TB co-infection on
death and LTFU 12 months after culture-based screening at ART program entry.

Methods
Study setting

McCord Hospital is a state-aided, semi-private hospital in an urban setting in Durban, South
Africa. The Sinikithemba HIV clinic at McCord Hospital has been treating patients with
ART since 1999; in 2004, the clinic became a US President’s Emergency Plan for AIDS
Relief (PEPFAR)-funded site and in 2007 received South African Department of Health
support as an ART “rollout” site. The HIV clinic serves a predominantly African, Zulu-
speaking population and has initiated over 8,000 patients on ART.12 During the study
period, HIV-infected patients with CD4 count ≤200/μl or who met clinical criteria (WHO
Stage 3 or 4) were given a date to commence ART literacy training. The clinic trains
approximately 80-120 new patients per month,13 including educational sessions, clinical
evaluation, and baseline laboratory work. Sinikithemba patients enrolled during the study
period were treated with standard ART regimens as per contemporaneous South African
guidelines.14 HIV-infected patients with TB who are Sinikithemba patients at McCord are
offered weight-based, fixed-dose combination TB treatment on-site according to South
African treatment guidelines.15 Patients already taking TB treatment from another clinic at
the time of enrollment at Sinikithemba were encouraged to transfer their TB care to
Sinikithemba.
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Study sample
Patients eligible for this study included adults (≥18 years) commencing ART literacy
training at Sinikithemba from May 2007-May 2008.6 Consecutive ambulatory HIV-infected
patients were prospectively offered enrollment prior to physician or laboratory evaluation,
regardless of signs or symptoms of active TB, during the ART training period. A small
proportion (8%) of subjects transferred care to Sinikithemba and were already on ART at
enrollment; they were excluded from further analysis.

The study was approved by the McCord Hospital Research Ethics Committee [Durban,
South Africa] and the Partners Human Research Committee [Protocol 2007-P-000228,
Boston, MA, USA].

Data collection
A trained research nurse enrolled patients undergoing ART literacy training and baseline
laboratory investigations. The nurse administered a 12-item questionnaire, including
demographic data, TB symptom history, as well as current and prior HIV and TB treatment.
Patients were asked about recent cough of any duration, as well as other tuberculosis
symptoms, including self-reported fever, night sweats, weight loss, dyspnea, or chest pain.
All patients then expectorated a single sputum specimen spontaneously or with ultrasonic
nebulization with single-use tubing if they were unable to generate a spontaneous specimen.
All sputum samples were stained to assess for Acid-Fast Bacillus smear (AFB), and were
processed for Mycobacterium tuberculosis culture (Middlebrook 7H11 solid agar medium
and BACTEC mycobacterial growth indicator tube [MGIT] 960 culture; BD System) at the
collaborative TB laboratory of the University of KwaZulu-Natal and the South African
Medical Research Council in Durban. These procedures have been described in detail
elsewhere.6 Sputum results became part of the patient medical record to inform clinical care.

Patient medical charts were reviewed 3 months following enrollment for each study
participant to obtain additional data from the initial clinical evaluation, including a more
extensive clinical history related to TB and other opportunistic infections, as well as any
deaths reported to the clinic. Charts were reviewed again approximately 12 months after
enrollment to evaluate whether patients were alive and in care, and to ascertain follow-up
CD4 counts and HIV RNA. Subjects missing appointments for more than 3 months during
the 12 months following enrollment were contacted by telephone by a Zulu/English
speaking nurse. Deaths were ascertained at this point most commonly by report from
patients’ family members or friends who answered the deceased person’s phone, as well as
from the electronic medical record, for deaths which occurred in-hospital or which were
reported to the HIV clinic. If the nurse was unable to reach the patient, or confirm that the
patient was still alive, despite multiple phone call attempts, the subject was considered
LTFU. If the subject was reached but did not return to clinic, the subject was also considered
LTFU. The date last seen in clinic was recorded.

Statistical methods
The primary outcome was time to death or LTFU during the 12 months following
enrollment; secondary analyses were conducted to investigate death and LTFU separately.
Patients were classified into 3 groups based on TB status at enrollment: 1) newly-diagnosed
with TB by sputum culture and not on TB treatment, 2) already on TB treatment for known/
presumed active disease, initiated prior to study entry and 3) TB free, meaning a negative
enrollment sputum culture and not on TB treatment. We used the Kaplan-Meier method to
estimate the time to death or LTFU based on TB status at enrollment. We constructed Cox
proportional hazards models for each comparison and present hazard ratios with 95%
confidence intervals as effect measures. We assessed 12-month HIV RNA, change in CD4
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count from baseline, and time on ART for subjects who were alive and in care at 12 months;
we used the 6-month HIV RNA if the patient was alive and in care but did not have a 12-
month value to approximate the 12-month data.

To evaluate whether the impact of TB status on death or LTFU differed based on the degree
of immune suppression at baseline, we performed a sensitivity analysis using a Cox model
with TB status at enrollment stratified by baseline CD4 count (CD4 count >100/μl and CD4
count ≤100/μl). We tested for an interaction between baseline CD4 count and TB status in
the model.

The analysis was conducted using SAS statistical software (version 9.2). Associations were
examined at a p<0.05 significance level (two-sided test).

Results
Cohort characteristics

During the one-year study, 1,034 patients were screened and had complete TB culture
results. This study sample represents approximately 90% of adult patients who underwent
ART literacy training at Sinikithemba during the study period. Median CD4 count at the
time of enrollment was 90/μl (IQR 41-148/μl). There were 167 patients (16%) who required
nebulized sputum induction. Approximately one-quarter of the patients reported a prior
history of TB; for those already on TB treatment at enrollment this prior episode predated
the current episode. Of the 951 subjects not on ART at enrollment, 97% were Black African;
59% were female and the median age was 36 years (Table 1). One-hundred forty-four (15%)
had culture evidence of undiagnosed active pulmonary TB. An additional 199 (21%) were
already on TB treatment at enrollment. Six-hundred eight subjects (64%) were considered
TB free: they had a negative sputum culture and were not on TB treatment at enrollment
(Figure 1).

Twelve-month outcomes
Mortality and LTFU—By 12 months, 26% (n=37) of those newly-diagnosed with
pulmonary TB at enrollment had died or were LTFU, compared to 19% (n=38) of those who
were on TB treatment at study entry, and 14% (n=86) of those who were TB free (p =
0.001). The incidence rate (per 100 person-years) for the combined outcome of death or
LTFU was 33 (95% CI 22-43) for those newly-diagnosed with pulmonary TB at enrollment,
22 (95% CI 15-29) for those on TB treatment at study entry, and 16 (95% CI 13-19) for
those who were TB free. The majority of patients who reached the primary outcome did so
within 6 months of commencing ART literacy training (Figure 2).

We considered death and LTFU separately in secondary analyses. For death alone, 15%
(n=22) of those newly-diagnosed with TB died, compared to 10% (n=20) on TB treatment at
study entry, and 8% (n=50) who were TB free (p = 0.018). For LTFU alone, 10% (n=15) of
those newly-diagnosed with TB were LTFU, compared to 9% (n=18) on TB treatment at
study entry and 6% (n=36) who were TB free (p = 0.062).

HIV RNA and CD4 cell count—For those who started ART during the study period, time
spent on ART was slightly shorter for those newly-diagnosed with TB (median 10.6 months,
IQR 7.3-11.9 months), compared to those on TB treatment at study entry (median 11.3
months, IQR 9.9-12.0), and TB free (median 11.5 months, IQR 10.3-12.0 months, p =
0.004). Among patients alive and in care at 12 months, the proportion of patients with
suppressed viral load, defined as HIV RNA <50 copies/ml, was similar by baseline TB
status (81% among those newly-diagnosed with TB, 84% among those on TB treatment at
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study entry, and 85% among TB free subjects). TB status at study entry hindered median
increase in CD4 count from baseline, with a median increase of 98 cells/μl (IQR 42-171) for
those newly-diagnosed with TB, 142 cells/μl (IQR 84-215) among those on TB treatment at
study entry, and 109 cells/μl (IQR 47-194) among TB free subjects (p = 0.012).

Combined outcome of death or LTFU at 12 months: Cox proportional hazards
model—Subjects newly-diagnosed with pulmonary TB at enrollment were more likely to
have died or be LTFU at 12 months, controlling for baseline CD4 count, gender, age,
smoking status, and history of opportunistic infections (Table 2). The adjusted hazard ratio
for death or LTFU for patients newly-diagnosed with TB was 1.76 (95% CI 1.20, 2.60)
compared to subjects who were TB free at study entry. For subjects already on TB treatment
at study entry, there was a trend toward an increased risk of death or LTFU, but this did not
reach statistical significance (HR 1.24, 95% CI 0.84, 1.82). The increased hazard of death
for men in the univariate analysis (HR 1.32, 95% CI 0.97, 1.80) was not seen in the
multivariate model (HR 0.99, 95% CI 0.68, 1.45), as a result of CD4 count and smoking
being added to the model.

Formal testing did not reveal an interaction between CD4 count and TB status. However, a
sensitivity analysis of baseline TB status, stratified by CD4 count ≤100/μl and >100/μl and
adjusted for other factors, found that subjects newly-diagnosed with TB with CD4 ≤100/μl
were at the highest risk of death or being LTFU compared to TB free subjects with CD4
>100/μl (HR 3.51, 95% CI 2.11, 5.83). Confidence intervals for the groups showed
substantial overlap, with the highest risk in patients with low CD4 counts (compared to the
TB free subjects with CD4 >100/μl reference group, Figure 3).

Discussion
We evaluated the impact of pulmonary TB diagnosed through intensive TB screening during
pre-ART literacy training on patient outcomes at 12 months in Durban, South Africa.
Intensive TB screening revealed not only the enormous burden of TB among ART-eligible
patients in this high-volume HIV clinic,6 but also the detrimental impact of TB diagnosed
prior to ART initiation. By 12 months, 26% of those newly-diagnosed with pulmonary TB
had died or were LTFU, with most of these events occurring in the first 6 months after clinic
enrollment. Subjects newly-diagnosed with TB were 76% more likely to die or be LTFU
compared to patients who were TB free at enrollment, even when controlling for baseline
CD4 count, smoking status, and history of opportunistic infections. The magnitude of this
effect was similar to the impact of a CD4 count ≤100/μl, which had a hazard ratio of 2.00
for death or LTFU, compared to CD4 count >100/μl.

We also analyzed death and LTFU as separate outcomes. There was a significant
relationship between TB status and risk of death, with 15% of those newly-diagnosed with
TB being dead at follow-up compared to about half of that in those without TB. This is
similar to what was seen in a clinical cohort in Cape Town, South Africa, where the impact
of newly-diagnosed TB just prior to ART or early during ART initiation was examined
using active community-based follow-up of deaths and LTFU.2 We found a trend toward TB
status correlating with LTFU; however, we did not have the power in this study to show a
significant relationship.

We found a smaller impact of being on TB treatment already at the time of entry to the ART
clinic on patient outcomes, which was not significant when adjusting for other important
baseline factors. Some patients already on TB treatment at study entry may have continued
to obtain TB treatment outside of the HIV clinic; the logistical and clinical barriers due to
this lack of integration of HIV and TB care may have made patients already on TB treatment
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more likely to be lost to follow-up. Studies have shown mixed results regarding the impact
of being on TB treatment at the time of ART initiation. In a rural Ugandan cohort, mortality
was higher among patients already receiving TB treatment at the time of ART initiation, or
during the first year of follow-up, compared to subjects without TB.4 However, another
South African study of a clinical cohort in Johannesburg found that the nearly two-fold
increased risk of death in an unadjusted analysis of patients on TB treatment at ART
initiation was not found when adjusted for other factors, such as low CD4 count, body mass
index, and hemoglobin.9 An important difference is that in that study the cohort consisted
only of patients who had actually started ART; in the current study, subjects were ART-
eligible, but could have died or been LTFU prior to ART initiation because of TB. The
current study employs a more intensive approach to TB screening than the prior two studies,
and therefore we expect to have a more accurate ascertainment of TB disease at the time of
clinic entry.

A subtle affect of TB on patient outcomes was seen among those who survived and were in
care at follow-up. Rates of virologic suppression did not differ by TB status for patients who
were alive and in care at 12 months, but these rates did not account for patients who had
died or were LTFU. We saw a modest negative impact of TB on median increase in CD4
count on ART. Subjects newly-diagnosed with TB started ART slightly later and therefore
spent a shorter time on ART during the 12 months of follow-up, which could have
influenced their rates of virologic suppression and relative CD4 count increase; however,
data are also emerging suggesting that TB itself may influence CD4 reconstitution. A
Ugandan study noted that incident TB cases during the first year of ART were associated
with a blunting of CD4 count increase over two years of follow-up.16 The potential for a
long-lasting immunosuppressive effect of TB may have implications for morbidity and
mortality for patients initiating ART in high HIV/TB prevalence settings.

This study has several limitations. We are likely to have underestimated the overall
prevalence of TB because of the focus on screening for pulmonary disease alone and the use
of a single sputum culture for pulmonary TB diagnosis.6 We may have also underestimated
actual mortality, in that some patients classified as LTFU may have been misclassified;17, 18

therefore our primary outcome was either death or LTFU at 12 months. Though we enrolled
90% of eligible patients, the data on study outcomes for the remaining 10% were not
available, precluding formal comparison between these two groups with respect to death and
LTFU. We did not have statistical power to find an interaction between CD4 count and TB
status, which may exist and affect patient outcomes. Other clinical factors not collected in
our study, such as body mass, nutritional status, and drug toxicities, have also been
associated with morbidity and mortality in the setting of TB in other studies. We could not
assess whether these factors may have influenced patient outcomes in the current
study.8, 9, 19, 20

This study points to the massive unrecognized TB burden and its impact on long-term
outcomes for people infected with HIV who are being evaluated for ART. Even in the
setting of an intensive TB screening program where mycobacterial culture was available to
all patients, a new diagnosis of TB in the setting of pre-ART training predicted mortality and
LTFU at 12 months nearly as strongly as baseline CD4 count. Comprehensive screening for
TB must occur as early as possible in the care of people infected with HIV, ideally at the
same time as their HIV diagnosis. People co-infected with HIV/TB require prompt initiation
of therapy for both diseases as well as more frequent clinical follow-up. Integration of HIV
and TB disease management,5, 21 contact with case workers or patient navigators, and the
use of incentives are all possible interventions that may promote better engagement and
retention in care. Interventions to decrease LTFU among HIV/TB co-infected patients are
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urgently needed to improve outcomes for these patients who have entered the health care
system but remain at substantially increased risk of death.
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Figure 1. Flow chart of study population, Sinikithemba HIV clinic, McCord Hospital, Durban,
South Africa, 2007-2008
A schematic of HIV-infected participants undergoing ART literacy training at the HIV clinic
who were screened, enrolled, eligible to initiate ART, and diagnosed with pulmonary TB by
sputum culture.
ART: antiretroviral therapy; TB: Tuberculosis
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Figure 2. Kaplan-Meier curve of the combined endpoints of death or LTFU
The 3 groups of patients are classified based on TB status at enrollment: 1) newly-diagnosed
with TB by sputum culture, 2) already taking TB treatment, and 3) TB free.
LTFU: Lost to follow-up
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Figure 3. Sensitivity analysis showing Cox proportional hazards model for the combined
outcome of death or LTFU at 12 months based on TB status and stratified by baseline CD4
count among HIV-infected adults in Durban, South Africa
The three TB groups: 1) newly-diagnosed with TB by sputum culture, 2) already taking TB
treatment for known/presumed active disease prior to enrollment, and 3) TB free, meaning a
negative enrollment sputum culture and not on TB treatment, are further stratified based on
CD4 count ≥100/μl and CD4 <100/μl. Analysis is adjusted for smoking status, age,
opportunistic infection history, and gender. Vertical lines represent 95% CI around hazard
ratios.
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Table 1

Baseline characteristics of patients initiating ART who were screened for TB with sputum cultures in Durban,
South Africa, 2007-2008*

Characteristic Overall
N=951

TB Sputum Culture
Positive at Enrollment

N=144

On TB Treatment
at Enrollment

N=199

TB-Free
at Enrollment

N=608

Demographic characteristics

Female (N, %) 560 (59) 78 (54) 121 (61) 361 (59)

Age, in years, median (IQR) 36 (31– 43) 37 (31– 43) 34 (30 – 41) 37 (31– 43)

Unemployed (N, %) 476 (50) 68 (47) 111 (56) 297 (49)

Married (N, %) 181 (19) 24 (17) 33 (17) 124 (20)

HIV-related characteristics

Baseline CD4 count/μl, median (IQR) 90 (41–148) 80 (41 – 125) 65 (29 – 112) 104 (49 – 160)

WHO Stage 3 or 4 (N, %) 627 (66) 98 (68) 171 (86) 358 (59)

History of OI (N, %) 497 (52) 69 (48) 113 (57) 315 (52)

Other baseline clinical characteristics

Prior history of TB (N, %)† 245 (26) 28 (19) 47 (24) 170 (28)

Hospitalized in last 5 years (N, %) 251 (26) 26 (18) 68 (34) 157 (26)

Household member with history of TB
(N, %)

229 (24) 33 (23) 51 (26) 145 (24)

Baseline hemoglobin, median (IQR) 11.1 (9.5-12.6) 10.2 (8.5 – 11.8) 10.3 (9.2 – 11.8) 11.6 (10.0 – 13.0)

Baseline weight (kg), median (IQR) 61 ( 53 – 72) 57 ( 51 – 65) 60 ( 52 – 66) 63 ( 55 – 75)

Current or past smoker (N, %) 264 (28) 47 (33) 54 (27 ) 163 (27)

*
Excludes 84 patients who were screened but who were taking ART at study entry

†
Prior history indicates self-reported TB episode that precedes either current or new episode

TB: Tuberculosis; IQR: Inter-quartile range; WHO: World Health Organization; OI: Opportunistic infection; ART: antiretroviral therapy; kg:
kilogram
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Table 2

Cox proportional hazards model for the combined outcome of death or LTFU at 12 months based on TB status
at baseline enrollment among HIV-infected adults undergoing ART literacy training in Durban, South Africa

Death or LTFU

Univariate
HR (95% CI) P value Multivariate

HR (95% CI) P value

TB status at enrollment 0.0018 0.0165

 Newly-diagnosed by sputum culture 2.00 (1.36, 2.93) 1.76 (1.20, 2.60)

 Already taking TB treatment 1.37 (0.93, 2.00) 1.24 (0.84, 1.82)

 TB free 1.00 1.00

Baseline CD4 count 0.0002 0.0001

 CD4 ≤100/μl 1.92 (1.37, 2.70) 2.00 (1.41, 2.85)

 CD4 >100/μl 1.00 1.00

Smoking status 0.0340 0.1447

 Current or past 1.42 (1.03, 1.96) 1.34 (0.91, 1.98)

 Never 1.00 1.00

Age 1.01 (0.99, 1.03) 0.2034 1.01 (0.99, 1.03) 0.1996

OI history 0.0220 0.0037

 No 1.44 (1.05, 1.96) 1.60 (1.16, 2.19)

 Yes 1.00 1.00

Gender 0.0812 0.9718

 Male 1.32 (0.97, 1.80) 0.99 (0.68, 1.45)

 Female 1.00 1.00

HR: hazard ratio; CI: confidence interval
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