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Abstract
Introduction: There are limited data on Tuberculosis (TB) in adolescents with perinatally acquired HIV (APHIV). We examined
the incidence and determinants of TB infection and disease in the Cape Town Adolescent Antiretroviral Cohort (CTAAC).
Methods: Youth between nine and fourteen years on antiretroviral therapy (ART) for more than six months in public sector
care, and age-matched HIV-negative adolescents, were enrolled between July 2013 through March 2015 and followed six-
monthly. Data were censored on 31 October 2018. Symptom screening, chest radiograph, viral load, CD4 count, QuantiFERON
(QFT) and sputum for Xpert MTB/RIF, microscopy, culture and sensitivity were performed annually. TB infection was defined
by a QFT of >0.35 IU/mL. TB diagnosis was defined as confirmed (culture or Xpert MTB/RIF positive) or unconfirmed (clinical
diagnosis and started on TB treatment). Analyses examined the incidence and determinants of TB infection and disease.
Results: Overall 496 HIV+ and 103 HIV-negative participants (median age at enrolment 12 years (interquartile range, IQR
10.6 to 13.3) were followed for a median of 3.1 years (IQR 3.0 to 3.4); 50% (298/599) were male. APHIV initiated ART at
median age 4.4 years (IQR 2.1 to 7.6). At enrolment, 376/496 (76%) had HIV viral load <40 copies/mL, median CD4 count
was 713 cells/mm3 and 179/559 (32%) were QFT+, with no difference by HIV status (APHIV 154/468, 33%; HIV negative
25/91, 27%; p = 0.31). The cumulative QFT+ prevalence was similar (APHIV 225/492, 46%; 95%CI 41% to 50%; HIV negative
44/98, 45%; 95% CI 35% to 55%; p = 0.88). APHIV had a higher incidence of all TB disease than HIV-negative adolescents
(2.2/100PY, 95% CI 1.6 to 3.1 vs. 0.3/100PY, 95% CI 0.04 to 2.2; IRR 7.36, 95% CI 1.01 to 53.55). The rate of bacteriologi-
cally confirmed TB in APHIV was 1.3/100 PY compared to 0.3/100PY for HIV-negative adolescents, suggesting a fourfold
increased risk of developing TB disease in APHIV despite access to ART. In addition, a positive QFT at enrolment was not pre-
dictive of TB in this population.
Conclusions: High incidence rates of TB disease occur in APHIV despite similar QFT conversion rates to HIV-negative adoles-
cents. Strategies to prevent TB in this vulnerable group must be strengthened.
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1 | INTRODUCTION

Adolescence is a period of increased risk for both
Mycobacterium tuberculosis (Mtb) infection and tuberculosis
disease (TB), compared to the pre-adolescent period [1,2].
Globally, an estimated 1.8 million people between the ages
of 10 to 24 years developed TB in 2012, with 534 000
of these living in Africa [3,4]. Adolescents are also more
likely to be infectious (smear positive) than younger chil-
dren [5]. HIV is a risk factor for Mtb infection and TB

disease. Countries with a high HIV prevalence have a sub-
stantive TB disease burden including in adolescents [6].
Although access to antiretroviral therapy (ART) has led to
a decrease in TB incidence in adolescents and children
with HIV, they remain at increased risk of TB compared
to those who are HIV negative [7-10]. Indeed, TB remains
a major cause of hospitalization and mortality in adoles-
cents living with HIV [11]. Furthermore, TB may have
long-term consequences on lung health with subsequent
impairment of lung function [12].
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Mtb infection can be measured using Interferon Gamma
Release assays (IGRA), for example Quanti-FERON (QFT), a
positive test denotes TB infection, however, further signs and
symptoms and bacteriological evidence needs to be sought
before the diagnosis of “TB disease” is made. Previous esti-
mates of Mtb infection prevalence among adolescents in sub-
Saharan Africa have indicated high annual risks among the
general population but often lack data on HIV status [13,14].
In addition, a recent review that focused on bacteriologically
confirmed pulmonary Tuberculosis (PTB) in adolescents and
youth found no studies among those with HIV [15]. This may
be due to challenges in confirming TB in high burden settings.
Adolescents with perinatally acquired HIV (APHIV) are likely
to be a specifically vulnerable group given risks of disengage-
ment from care and ART treatment fatigue [16]. There is
therefore a clear and urgent need to understand the burden
of HIV-associated TB in adolescents in high HIV and TB
prevalence settings, utilizing robust data collection for TB
diagnosis and measures of HIV severity. To address this criti-
cal knowledge gap, we investigated the incidence and clinical
factors associated with TB infection and disease in a South
African cohort of APHIV on ART compared to a matched HIV-
negative group.

2 | METHODS

2.1 | Study population and design

This analysis draws on data from the Cape Town Adolescent
Antiretroviral Cohort (CTAAC), a prospective study that
enrolled APHIV between 01 July 2013 and 31 March 2015.
Children and adolescents aged nine to fourteen years already
accessing HIV care at one of seven public service sites in the
Western Cape Province, South Africa were eligible for enrol-
ment, provided they had been on ART for at least six months
and were aware of their HIV status. Concurrently, a compar-
ison group of HIV negative (HIV�) adolescents from primary
care facilities in the same communities were enrolled, fre-
quency-matched on sex and age. We excluded HIV� youth
with chronic/ systemic inflammatory conditions or known
chronic neurological, pulmonary or cardiovascular disease.
HIV� status was confirmed at enrolment, with annual retest-
ing thereafter, following informed consent.
Sociodemographic data were collected at enrolment and

the participant’s clinical record was reviewed. Thereafter,
participants were seen biannually at the study site. A struc-
tured questionnaire and physical examination including Tan-
ner staging, World Health Organization (WHO) HIV staging
and anthropometry were performed at enrolment and
annually. Body Mass Index (BMI) was calculated as weight
in kilograms divided by height in metres squared (kg/m2)
and classified by WHO reference standards [17]. At each
study visit, screening for signs and symptoms of TB was
performed; if symptomatic, participants had a chest radio-
graph (CXR). In addition, two sputum specimens (induced /
expectorated) were collected at enrolment, annually and if
an intercurrent pneumonia was suspected, and sent for
Xpert MTB/RIF (Cepheid) and microscopy, liquid culture
using semi-automated 7H9 broth-based Mycobacterial
Growth Indicator Tubes (MGIT960; Becton Dickinson,
Sparks, MD). Any participant diagnosed with TB at a study

visit was referred for treatment at their site of routine
clinical care.
At enrolment, all participants received Quanti-FERONTB

Gold In-Tube® (QFT; Qiagen, Hilden, Germany) testing. For
participants with a positive QFT at enrolment or subsequently,
the test was not repeated. Provided the prior QFT tests were
negative or indeterminate, QFT was repeated annually for
three years. QFT tests were not done in real time, but were
stored and batched tested, so results were not able to inform
participant care. Additional laboratory measures performed at
enrolment and annually included HIV viral load (Roche COBAS
Ampliprep/Taqman) and CD4 cell count (Beckman Coulter �,
Brea, CA, USA) in HIV+ participants; HIV� participants were
retested every six months for HIV infection, using Alere
Determine TM (Abbott, Chiba, Japan).
Throughout study follow-up, participants continued to

receive routine care at their primary care sites, including ART
and prophylaxis against opportunistic infections (OI). The most
commonly used ART regimens, according to national guidelines
were Abacavir, Lamivudine and either Efavirenz or a protease
inhibitor. According to national guidelines, isoniazid (INH) pro-
phylaxis is given to children living with HIV between the ages
of five to fourteen years for six months, whereas those
>15 years are recommended to receive INH for 12 months.
Cotrimoxazole is given to adolescents with a CD4 count
below 200 cells/mm3 and is discontinued once CD4 is above
200 cells/mm3 [18]. Routine care includes TB screening if
symptomatic with a CXR, sputum for Xpert MTB/RIF and cul-
ture, at the discretion of the primary physician. All participants
received the SA standard Expanded Program on Immunization
(EPI) including BCG at birth, diphtheria-pertussis-tetanus
(DwPT), Haemophilus influenzae type b (HIB), hepatitis B
(HBV), measles and polio immunizations [19]. Notably, as acel-
lular pertussis and pneumococcal conjugate vaccines were
only introduced into the public immunization programme in
2009, no participant would have received these vaccines.

2.2 | Laboratory investigations

QFT tests results were expressed as international units (IU/mL)
and considered positive if Nil value was ≤0.8 UL/mL, the TB
Ag was ≥0.35 IU/mL and <25 % of Nil value after subtraction
of the negative control value (Ag-Nil) and the Mitogen-Nil
value was ≥0.5 IU/mL; Negative if the Nil value was ≤0.8 IU/mL,
the TB Ag was <0.35 IU/mL or ≤0.35 and <25 % of Nil value
after subtraction of the negative control value (Ag-Nil) and
the Mitogen-Nil value was ≥0.5 IU/mL. For indeterminate sta-
tus, the Nil value was ≤0.8 UL/mL, the TB Ag was <0.35 IU/
mL or ≤0.35 and <25 % of Nil value after subtraction of the
negative control value (Ag-Nil) and the Mitogen-Nil value was
<0.5 IU/mL or if the Nil value was <0.8 UL/mL.

2.3 | Diagnosis of TB

Diagnoses were obtained from study laboratory results as
well as data abstracted from a provincial database, that
recorded initiation of TB treatment [20]. We included all TB
diagnoses between study enrolment and follow-up to 31st

October 2018. A paediatric infectious disease specialist
reviewed all records and diagnoses in the participant’s clinical
record. TB disease was defined as “confirmed” (culture-
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confirmed or Xpert MTB/RIF positive) or “unconfirmed” (par-
ticipants who presented with clinical signs and symptoms sug-
gestive of TB and documented as initiating TB treatment at
their primary care facilities, but without microbiological confir-
mation) [21].

2.4 | Statistical methods

Data analysis used Stata version 14.1 (StataCorp, College Sta-
tion, Texas); all statistical tests were two-sided at a = 0.05.
The primary outcomes were the incidence of a positive QFT
and of TB disease over time. Following standard data explo-
ration, regression analyses were structured as follows: (i)
Prevalence of QFT positivity (QFT+) at enrolment (cross-sec-
tional, logistic regression); (ii) QFT conversion rates during
first three years (Cox proportional hazards, PH and (iii) nega-
tive binomial regression models with generalized estimating
equations, GEE), restricted to those testing QFT negative at
baseline, with person-time censored at first QFT+ test or last
known time alive; (iv) TB incidence rates over full follow-up

period were calculated using Cox PH for time-to-first TB
event, person-time staggered by six months for prevalent TB
cases and censored at first TB event or last known time alive
up to 31st October 2018 and (v) negative binomial regression
with GEE was used for overall incidence of all TB events, per-
son-time staggered for prevalent cases and censored at last
known time alive up to 31st October 2018. Loss to follow-up
was not a competing event as we could still access recorded
TB episodes from a database covering all public health ser-
vices in the province [20]. CD4 count, viral load, Tanner stage,
BMI and age were time-varying (annual changes); for these
variables, missing data were interpolated using standard
approaches, assuming data to be missing at random. Known
category boundaries were assigned a priori based on clinical
relevance. Potential third variables were identified a priori
using a causal approach guided by the literature [22]. For all
analyses comparing APHIV to HIV� youth, socioeconomic sta-
tus was considered the most important potential confounder,
expressed using relative measures of poverty (based on a
standardized asset score and parental employment) [23]. We

Screened, N=795
HIV+, n=567
HIV-, n=114

Enrolled into CTAAC study, N=625
HIV+, n=515
HIV-, n=110

Not enrolled in CTAAC study, N=56
HIV+, n=52

Ineligible on study criteria, n=10 

HIV-, n=4
Ineligible on study criteria, n=1 

Declined par cipa on, n=32
Other, n=10 

Declined par cipa on, n=3
Other, n=0 

Only a ended one study visit, N=26
HIV+, n=19
HIV-, n=7

QFT test results not available for enrolment visit, N=40
HIV+, n=28
HIV-, n=12

Included in TB analyses, N=599
HIV+, n=496
HIV-, n=103

Included in me to QFT conversion
analysis, N=380

HIV+, n=314
HIV-, n=66

QFT test results available for
enrolment visit, N=559

HIV+, n=468
HIV-, n=91

QFT+ at enrolment visit, N=179
HIV+, n=154
HIV-, n=25

Figure 1. Study flow diagram.
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also adjusted for time-varying age and Tanner staging
throughout, to control for potentially differential trajectories
of adolescent development between HIV+ and HIV� youth.
We explored the impact of HIV viral suppression on differen-
tial risks of TB infection (QFT +) and TB disease between
APHIV and HIV� youth by creating four dummy variables to
compare each category of HIV-VL suppression (at 40 and

1000 copies/mL) separately to the reference group of HIV�
adolescents. Sensitivity analyses evaluated differences by con-
firmed TB diagnosis, variation in person-time definition and
without interpolation of missing data points.
Ethical approval was given by the University of Cape Town

and Stellenbosch University. A parent or legal guardian pro-
vided informed consent and assent was obtained from all

Table 1. Characteristics of study participants at enrolment

Characteristic Total (N = 599) HIV+ (N = 496) HIV� (N = 103) p-value

Age (years) 12.0 (10.6 to 13.3) 12.0 (10.7 to 13.3) 11.6 (10.0 to 13.4) 0.199

Male sex 298 (50%) 251 (51%) 47 (46%) 0.358

Relative poverty categories1

Least disadvantaged 209 (35%) 191 (39%) 18 (18%) <0.001

Moderate disadvantage 203 (34%) 179 (36%) 24 (24%)

Most disadvantaged 185 (31%) 125 (25%) 60 (59%)

Previous TB disease 301 (51%) 298 (61%) 3 (3%) <0.001

On treatment for any TB disease at enrolment 7 (1%) 7 (1%) 0 0.225

Previous isoniazid preventive therapy 134 (22%) 131 (27%) 3 (3%) <0.001

Current known TB contact 13/555 (2%) 9/459 (2%) 4/96 (4%) 0.194

Tanner stage

Prepubertal (Stage I) 265 (44%) 231 (47%) 34 (33%) 0.041

Adolescent (Stages II-IV) 303 (51%) 240 (48%) 63 (61%)

Mature (Stage V) 31 (5%) 25 (5%) 6 (6%)

Body mass index (BMI, (kg/m2) 17.3 (16.1 to 19.2) 17.1 (16.0 to 18.9) 18.7 (16.6 to 21.5) 0.001

BMI categories

Underweight, BMI < 18.5 397 (66%) 347 (70%) 50 (48%) <0.001

Normal, BMI ≥ 18.5 < 25 179 (30%) 134 (27%) 45 (44%)

Overweight/obese, BMI ≥ 25 23 (4%) 15 (3%) 8 (8%)

Age at ART initiation (years) n/a 4.4 (2.0 to 7.6) n/a n/a

Categories of age at ART initiation

≤2 years n/a 120 (25%) n/a n/a

>2, <6 years n/a 196 (40%) n/a n/a

≥6 years n/a 172 (35%) n/a n/a

HIV viral load (log10 copies/mL) n/a 1.59 (1.59 to 1.60) n/a n/a

Categories of HIV viral load

<40 copies/mL n/a 376 (76%) n/a n/a

40 to 1000 copies/mL n/a 56 (11%) n/a n/a

≥1000 copies/mL n/a 64 (13%) n/a n/a

CD4 cell count (cells/µL) n/a 713 (564 to 954) n/a n/a

CD4 cell count categories

>500 cells/µL n/a 414 (83%) n/a n/a

>350, ≤500 cells/µL n/a 39 (8%) n/a n/a

≤350 cells/µL n/a 43 (9%) n/a n/a

QFT result at enrolment2

QFT positive 179 (30%) 154 (31%) 25 (24%) 0.052

QFT negative 362 (60%) 299 (60%) 63 (61%)

QFT indeterminate 18 (3%) 15 (3%) 3 (3%)

QFT results not available 40 (7%) 28 (6%) 12 (12%)

Numbers are median (interquartile range) or n (column percentage); p-values from Chi2 or Kruskal–Wallis testing, not corrected for multiplicity.
QFT, interferon gamma release assay (QuantiFERON-TB).
1

Tertiles of a continuous score incorporating a standardized asset score (including type of housing, access to running water and flush toilet),
employment and education; missing (n = 2);

2

the percentage of QFT-positive participants differs from the number quoted in the manuscript as the
denominator in Table 1 is different and excludes 40 participants who did not have a QFT result available from their enrolment visit.
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adolescents; this was renewed annually. All participants knew
their HIV status as a pre-requisite to study enrolment and
gave permission for medical record reviews.

3 | RESULTS

Of 795 eligible adolescents screened, 625 (515 APHIV, 110
HIV�) were enrolled (Figure 1). Most study participants
attended at least seven study visits over the follow-up period
(383 [74%] of 515 APHIV; and 85 [77%] of 110 HIV�). Data
collected at two or more visits were available for 599 adoles-
cents (496 [96%] of APHIV, 103 [94%] of HIV�; p = 0.20),
who were followed for a median of 3.1 years (interquartile
range, IQR 3.0 to 3.4; APHIV for 3.1 years and HIV� for
3.4 years). There were two deaths (both APHIV, one suicide
and one who died at home after disengaging from clinical
care). Enrolment characteristics are shown in Table 1; minor
differences between those included in the analysis versus
those excluded are shown in Table S1.
Overall, 50% (298/599) were male, with median enrolment

age of 12 (IQR 10.6 to 13.3) years, similar for APHIV and
HIV� participants (Table 1). At enrolment, APHIV (vs. HIV�)
were more likely to be pre-pubertal (Tanner Stage 1: 231/496
[47%] vs. 34/103 [33%] and underweight (BMI < 18.5 in 347/

496 [70%] vs. 50/103 [48%]). They were also more likely to
have a prior history of TB disease (298/496 [61%] vs. 3
[0.3%]). APHIV participants had initiated ART at median age
4.4 (IQR 2.1 to 7.6) years, with 376/496 (76%) having an HIV
viral load (VL) <40 copies HIV RNA copies/mm3; median CD4
count was 713 (IQR: 564 to 954) cells/mm3 at enrolment
(Table 1). Median ART duration was 7.6 years (IQR: 4.6 to
9.2). Two hundred and seventy (54%) adolescents were on an
efavirenz-based regimen and 143 (29%) were on a lopinavir/
ritonavir-based regimen at enrolment, whereas 83 (17%) were
on other regimens. One hundred and thirty-one (27%) APHIV
and 3 (3%) HIV� adolescents had received prior INH prophy-
laxis and 9/459, 2% of APHIV and 4/96 (4%) HIV� adoles-
cents had a household TB contact at enrolment.

3.1 | QFT positivity

At enrolment, 179 (32%) of 559 adolescents were QFT+, with
no difference by HIV status (APHIV 154/468, 33%; HIV� 25/
91, 27%; p = 0.31; Table 1). There was also no difference in
the number of indeterminate tests by HIV status. Among
APHIV, concurrent diagnosis of TB disease was associated
with increased odds of QFT+ (vs. those without TB at enrol-
ment, OR 5.23, 95% CI 1.00 to 27.30; p = 0.049; data not
shown). No other enrolment characteristics predicted baseline

Table 2a. Time to QFT conversion among previously QFT-negative study participants, comparing APHIV to HIV-youth (N = 380):

crude and adjusted hazard ratios from Cox proportional hazards regression

Crude HR (95% CI) aHR (95% CI)1

HIV infection: HIV positive versus HIV negative 0.65 (0.39 to 1.09) –

Effects of time-varying HIV viral suppression on relative Hazard of QFT conversion among HIV+ versus HIV� youth

HIV negative (reference) 1.00 1.00

HIV positive, viral load ≤40 copies/mL 0.75 (0.44 to 1.27) 0.92 (0.52 to 1.62)

HIV positive, viral load >40, <1000 copies/mL 0.59 (0.29 to 1.23) 0.75 (0.35 to 1.62)

HIV positive, viral load ≥1000 copies/mL 0.23 (0.07 to 0.79) 0.29 (0.08 to 1.00)

Male versus female sex 0.71 (0.46 to 1.11) –

Age at study visit (time-varying, per year increase) 0.92 (0.81 to 1.05) 0.86 (0.73 to 1.00)

Categories of age at study visit (time-varying, in years)

<12 years (reference) 1.00 –

≥12, <14 years 1.55 (0.73 to 3.31) –

≥14, <16 years 1.14 (0.52 to 2.52) –

≥16 years 1.00 (0.39 to 2.56) –

BMI categories (time-varying)

Normal weight, ≥18, <25 kg/m2 (reference) 1.00 –

Underweight, <18 kg/m2 0.67 (0.41 to 1.10) –

Overweight/obese, ≥25 kg/m2 0.87 (0.44 to 1.72) –

Tanner staging at study visit (time-varying)

Stage I (pre-adolescent), reference 1.00 1.00

Stage II to IV (adolescent) 1.02 (0.56 to 1.84) 1.34 (0.71 to 2.52)

Stage V (mature) 1.46 (0.73 to 2.90) 2.40 (1.06 to 5.42)

Known TB contact at enrolment (yes vs. no) 1.78 (0.33 to 5.65) –

aHR, adjusted hazard ratio; CD, cluster of differentiation; CI, confidence intervals; HIV, human immunodeficiency virus; HR, hazard ratio; QFT,
interferon gamma release assay (QuantiFERON-TB).
Bold indicates statistically significant values.
1

Multivariable model adjusted for all variables with adjusted estimates shown as well as baseline measures of relative poverty.
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prevalence of QFT+ among either APHIV or HIV� youth
(Table S2), after excluding those with prevalent TB disease.
By 36 months of follow-up, the cumulative prevalence of
QFT+ was 46% (95% CI 42% to 50%) among 590 participants
with known QFT results; prevalence was similar for APHIV
(225/492, 46%; 95%CI 41% to 50%) and HIV� adolescents
(44/98, 45%; 95% CI 35% to 55%), p = 0.88.
Among 380 adolescents initially QFT negative, 82 subse-

quently tested QFT+ (63/314 APHIV and 19/66 HIV�),
Table S3. In this group of adolescents, a total of 1110 QFT
tests (mean of 3 tests per individual) were conducted during
the first three years of study follow-up, with median
12.4 months (IQR 12.0 to 14.0) between consecutive tests.
The overall QFT conversion incidence was 28.8/person-year
(PY); 26.7/PY (95% CI 20.8 to 34.1) among APHIV and 39.1/PY
(95% CI 24.9 to 61.2) among HIV� adolescents. (Table S3).
Using a time-to-event approach, APHIV had marginally lower
hazard of QFT conversion than HIV� (HR 0.65, 95% CI 0.39
to 1.09), Table 2a. Other factors associated with QFT conver-
sion overall are shown in Table 2a; and restricted to APHIV,
in Table 2b. There was a notable gradient in hazard of QFT
conversion by CD4 count and VL, (Table 2a, Table 2b;

Figures 2a,b and 3a), in both crude and adjusted analyses.
Compared with all HIV� youth, APHIV with VL ≤ 40 copies/mL
had 25% lower hazard of QFT conversion (HR 0.75, 95% CI
0.44 to 1.27). Those with VL > 40 but <1000 copies/mL had
an even lower relative hazard of QFT conversion (HR 0.59,
95% CI 0.29 to 1.23), whereas the lowest relative hazard of
QFT conversion was seen among APHIV with VL ≥ 1000
copies/mL (vs. all HIV� youth, HR 0.23; 95% CI 0.08 to 1.00,
p = 0.05; Figure 3a).

3.2 | TB disease

At enrolment, seven (APHIV) participants had TB disease; (5
cases were confirmed TB). During follow-up, an additional 35
episodes of incident TB (20 confirmed (19 APHIV, 1 HIV�),
15 unconfirmed) occurred in 31 participants (two APHIV had
two episodes, and one had three). During follow-up, there
were 30 cases of pulmonary TB (PTB), two cases of TB
meningitis (one APHIV and one HIV� participant) and three
cases of unspecified TB. A total of 14 (3 %) APHIV and 1
(1%) HIV� participants were hospitalized for TB. In total, 11
CXR results were reported by radiologists of which seven

Table 2b. Time to QFT conversion among previously QFT-negative study participants, restricted to APHIV (N = 314): crude and

adjusted hazard ratios from Cox proportional hazards regression

Crude HR (95% CI) aHR (95% CI)1

HIV viral load log10 copies/mL (per log10 increase) 0.58 (0.36 to 0.95) 0.67 (0.40 to 1.10)

CD4 cell count categories

HIV positive, CD4 ≥ 500 (reference) 1.00 1.00

HIV positive, CD4 < 500 0.28 (0.11 to 0.71) 0.38 (0.15 o 0.97)

CD4 cell count cells/µL (per 100 increase) 1.08 (1.00 to 1.17)

Male versus female sex 0.74 (0.45 to 1.23) –

Age at study visit (time-varying, per year increase) 0.90 (0.77 to 1.05) 0.84 (0.70 to 1.01)

Categories of age at study visit (time-varying, in years)

<12 years (reference) 1.00 –

≥12, <14 years 1.13 (0.52 to 2.48) –

≥14, <16 years 0.93 (0.41 to 2.10) –

≥16 years 0.76 (0.27 to 2.14) –

BMI categories (time-varying)

Normal weight, ≥18, <25 kg/m2 (reference) 1.00 –

Underweight, <18 kg/m2 0.65 (0.38 to 1.11) –

Overweight/obese, ≥25 kg/m2 0.68 (0.26 to 1.73) –

Tanner staging at study visit (time-varying)

Stage I (pre-adolescent), reference 1.00 1.00

Stage II to IV (adolescent) 0.99 (0.51 to 1.89) 1.39 (0.69 to 2.79)

Stage V (mature) 1.51 (0.70 to 3.24) 2.51 (1.01 to 6.26)

Known TB contact at enrolment (yes vs. no) 0.76 (0.10 to 5.50) –

Age at ART initiation

≤2 years (reference) 1.00 –

>2, <6 years 1.08 (0.55 to 2.11) –

≥6 years 1.10 (0.56 to 2.17) –

aHR, adjusted hazard ratio; CD, cluster of differentiation; CI, confidence intervals; HIV, human immunodeficiency virus; HR, hazard ratio; QFT,
interferon gamma release assay (QuantiFERON-TB).
Bold indicates statistically significant values.
1

Multivariable model adjusted for all variables with adjusted estimates shown as well as baseline measures of relative poverty.
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Figure 2. Kaplan-Meier estimates for QFT conversion among APHIV and HIV-negative youth over the first 36 months of follow-up, strati-
fied by time-varying HIV viral load: (a) overall and (b) with restricted Y-axis.

Figure 3. Relative hazard of (a) QFT conversion and (b) incident tuberculosis disease comparing APHIV to HIV-negative youth in strata of
HIV viral control during follow-up.
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were reported as suggestive of PTB. All Mtb isolates were
sensitive, except for one that was INH mono-resistant.
The overall incidence of TB disease was 1.9/100PY (95% CI

1.4 to 2.6) for the full cohort (Table S7). APHIV had a mark-
edly higher incidence than HIV� participants in both crude
and adjusted analysis (2.2/100PY, 95% CI 1.6 to 3.1 vs. 0.3/
100PY, 95% CI 0.04 to 2.2; IRR 7.36, 95% CI 1.01 to 53.55;
Table S7a). When restricting TB diagnoses to those with con-
firmed TB disease, TB incidence rate for the full cohort was
1.1/100PY (Table S4) with a consistently higher incidence in
APHIV (1.3/100PY) than HIV� (0.3/100PY).
CD4 count and VL were strong predictors of overall inci-

dence of TB disease (confirmed and unconfirmed) in APHIV.
APHIV with VL > 1000 copies/mL had 12-fold higher hazard
of TB compared to all HIV� youth (HR 12.21, 95% CI 1.46 to
102.36, Table 3a; in contrast, those with VL < 40 copies/mL
had only a slightly higher hazard relative to HIV-youth (HR
6.22, 95% CI 0.82 to 47.35). The hazard for APHIV with VL
40 to 1000 copies/mL (vs. HIV� youth) fell in between the
former two categories (HR 8.84, 95% CI 1.08 to 72.38); infer-
ences were unchanged after adjustment (Table 3a and

Figure 3a). A similar gradient was observed comparing strata
of CD4 cell counts (Table 3a,b). Increasing VL or decreasing
CD4 cell count was therefore associated with increased likeli-
hood of TB disease but a decreased likelihood of QFT+ con-
version. Figure 3a,b provide a direct visual comparison of
changing relative hazard by HIV disease severity. Although
these associations were attenuated when restricting events to
only confirmed TB diagnoses, the pattern of a risk gradient by
disease severity remained (Tables S5 and S6).
Of 28 APHIV with a single incident episode of TB disease,

16 (57%) completed treatment and 8 (29%) had weight gain
and resolution of symptoms but we could not confirm treat-
ment completion. One (3.6%) participant had treatment
stopped after the TB diagnosis was changed after extensive
workup, whereas a further two (7.1%) participants were lost
to follow-up after TB diagnosis and no further information
could be found. One APHIV had three episodes of TB disease
and did not complete treatment during the first episode. This
participant completed treatment for the subsequent two epi-
sodes. Of the two participants with two incident TB disease
episodes, one completed treatment for both episodes (with a

Table 3a. Time to first TB disease event comparing APHIV to HIV-negative youth (N = 599): crude and adjusted hazard ratios from

Cox proportional hazards regression

Crude HR (95% CI) aHR (95% CI)1

HIV infection: HIV positive versus HIV negative 7.56 (1.02 to 56.04) –

Effects of time-varying HIV viral suppression on relative hazard of incident TB among HIV+ versus HIV� youth

HIV negative (reference) 1.00 1.00

HIV positive, viral load ≤ 40 copies/mL 6.22 (0.82 to 47.35) 5.39 (0.69 to 42.17)

HIV positive, viral load > 40, <1000 copies/mL 8.84 (1.08 to 72.38) 7.69 (0.92 to 64.14)

HIV positive, viral load ≥ 1000 copies/mL 12.21 (1.46 to 102.26) 9.65 (1.12 to 82.92)

Male versus female sex 0.84 (0.41 to 1.70) –

Age at study visit (time-varying, per year older) 1.35 (1.08 to 1.68) 1.44 (1.12 to 1.86)

Categories of age at study visit (time-varying)

<12 years (reference) 1.00 –

≥12, <14 years 3.96 (0.48 to 32.42) –

≥14, <16 years 5.26 (0.65 to 42.88) –

≥16 years 6.94 (0.77 to 62.74) –

BMI categories (time-varying)

Normal weight, ≥ 18, <25 kg/m2 (reference) 1.00 –

Underweight, <18 kg/m2 1.29 (0.61 to 2.72) –

Overweight/obese, ≥25 kg/m2 0.33 (0.04 to 2.52) –

Tanner staging at study visit (time-varying)

Stage I (reference) 1.00 1.00

Stage II to IV 1.20 (0.43 to 3.33) 0.70 (0.23 to 2.09)

Stage V 1.15 (0.33 to 4.02) 0.48 (0.12 to 1.95)

Known TB contact at enrolment (yes vs. no) 1.45 (0.28 to 7.43) –

QFT result at study enrolment

QFT negative (reference) 1.00 –

QFT positive 0.64 (0.26 to 1.59) –

QFT test results unknown 1.20 (0.28 to 5.18) –

aHR, adjusted hazard ratio; CD, cluster of differentiation; CI, confidence intervals; HIV, human immunodeficiency virus; HR, hazard ratio; QFT,
interferon gamma release assay (QuantiFERON-TB).
Bold indicates statistically significant values.
1

Multivariable model adjusted for all variables with adjusted estimates shown as well as baseline measures of relative poverty.

Frigati LJ et al. Journal of the International AIDS Society 2021, 24:e25671
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25671/full | https://doi.org/10.1002/jia2.25671

8

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25671/full
https://doi.org/10.1002/jia2.25671


negative culture between episodes) and the other completed
treatment for the first episode but was lost to follow-up after
diagnosis of the second episode. The HIV-negative participant
completed treatment and had resolution of symptoms.

4 | DISCUSSION

These data demonstrate that, in the context of high HIV and
TB burden, APHIV have a much higher rate of TB disease
than HIV� adolescents despite ART and despite similar rates
of QFT conversion. These findings appeared driven mainly by
incomplete CD4 immune reconstitution or non-suppressive
ART, as evidenced by higher rates of TB disease in those with
lower CD4 counts or higher VL. In addition, the prevalence of
TB infection was high in both APHIV and HIV� participants.
These findings highlight that M.tb infection is common and
that TB remains an important cause of morbidity among
APHIV.

The prevalence of positive QFT at enrolment for the entire
cohort was 32% with a cumulative prevalence of 46% after
three years of follow-up at a median age of 15 years. This is
similar to the prevalence reported in Western Kenya where at
14.4 years the prevalence of TB infection (using Tuberculin
skin testing) was also 32%; however, only 0.5% adolescents
were living with HIV in that study and 41% had unknown HIV
status [14]. The prevalence in our study is similar to the 53%
prevalence reported in Cape Town in 2011 in adolescents
between 14 and 17 years [13]. However, in our study, a posi-
tive QFT was not predictive of developing TB. In addition, low
CD4 count or high VL were associated with decreased risk of
QFT conversion. This is consistent with an adult study that
reported a moderate predictive effect of QFT to diagnose
incident TB, with a negative effect of CD4 count on sensitivity
[24].
The incidence of TB in APHIV in our study was very high,

at 2.2/100 PY. This is higher than the rate of 0.7/100 PY
reported from the same setting in 2011 (in both APHIV and

Table 3b. Factors associated with time to first TB disease event among APHIV (N = 496): crude and adjusted hazard ratios from

Cox proportional hazards regression

Crude HR (95% CI) aHR (95% CI)1

HIV viral load log10 copies/mL (per log10 increase) 1.41 (1.00 to 1.98) 1.25 (0.86 to 1.82)

HIV viral suppression categories (time-varying)

HIV viral load ≤40 copies/mL (reference) 1.00 –

HIV viral load >40, <1000 copies/mL 1.41 (0.59 to 3.40) –

HIV viral load ≥1000 copies/mL 1.96 (0.76 to 5.04) –

CD4 cell count cells/µL (per 100 increase) 0.90 (0.79 to 1.03) –

CD4 cell count categories (time-varying)

CD4 ≥ 500 cells/µL (reference) 1.00 1.00

CD4 < 500 cells/µL 2.35 (1.10 to 5.03) 1.74 (0.75 to 4.03)

Male versus female sex 0.82 (0.40 to 1.69) –

Age at study visit (time-varying, per year increase) 1.33 (1.06 to 1.68) 1.37 (1.06 to 1.78)

BMI categories (time-varying)

Normal weight, ≥18, <25 kg/m2 (reference) 1.00 –

Underweight, <18 kg/m2 1.35 (0.63 to 2.91) –

Overweight/obese, ≥25 kg/m2 0.44 (0.06 to 3.42) –

Tanner staging at study visit (time-varying)

Stage I (reference) 1.00 1.00

Stage II to IV 1.20 (0.43 to 3.36) 0.74 (0.25 to 2.21)

Stage V 1.35 (0.39 to 4.72) 0.59 (0.14 to 2.44)

Known TB contact at enrolment (yes vs. no) 1.93 (0.34 to 10.85) –

QFT result at study enrolment

QFT negative (reference) 1.00 –

QFT positive 0.64 (0.26 to 1.60) –

QFT test results unknown 1.66 (0.38 to 7.22) –

Age at ART initiation

≤2 years (reference) 1.00 –

>2, <6 years 3.50 (0.77 to 15.80) –

≥6 years 5.68 (1.30 to 24.87) –

aHR, adjusted hazard ratio; CD, cluster of differentiation; CI, confidence intervals; HIV, human immunodeficiency virus; HR, hazard ratio; QFT,
interferon gamma release assay (QuantiFERON-TB).
Bold indicates statistically significant values.
1

Multivariable model adjusted for all variables with adjusted estimates shown as well as baseline measures of relative poverty.
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HIV� adolescents) and higher than in Ethiopian adolescents
(1.6/100 PY) on ART for more than five years [25]. This may
be due to the extremely high prevalence of TB in Western
Cape communities where most of these adolescents live or
high exposure in HIV households [26]. To our knowledge, this
is the first study from sub Saharan Africa to report on the
incidence of confirmed TB in APHIV. The rate of confirmed
TB was 1.3 (CI: 0.80 to 1.97)/100 PY which is very high, espe-
cially given that adolescents were on ART for several years.
There are no comparable studies of APHIV, but between
2005 and 2007 an adolescent cohort in Western Cape, South
Africa reported TB disease incidence of 0.45 per 100 person
years, however, this study did not include routine HIV testing.
Low CD4 count and high VL were associated with increased
risk of TB. The cohort had relatively high rates of immune
reconstitution as well as viral load suppression and therefore
the incidence of TB may be higher in other settings where
the majority of adolescents do not have well-controlled HIV.
This highlights a vulnerable group of APHIV who are at
increased risk of TB and who may paradoxically have false-
negative QFT results. The results also emphasise the need to
integrate HIV and TB adolescent programmes.

4.1 | Limitations and strengths

Limitations include that history of prior TB and TB contact
could not always be verified. Data on INH prophylaxis were
limited. Serial QFT testing was not done on QFT-positive par-
ticipants, so QFT reversion could not be reported. There was
limited availability of CXRs from the time of TB diagnosis. An
additional limitation is that we only compared APHIV with
those that were HIV�. Adolescents living with horizontally
acquired HIV may have a different incidence of TB disease.
Strengths of our study include long-term follow-up of a large
cohort of APHIV in a resource-limited setting with high cohort
retention; microbiologic confirmation of TB and longitudinal
QFT testing over an extended period of time. In addition a
comparison group of matched HIV� participants strengthens
inferences by providing insights into the background risks of
TB infection and disease in this setting.

5 | CONCLUSIONS

In summary, we found that despite similar rates of Mtb infec-
tion, there is a higher rate of TB disease in APHIV on ART
compared to HIV� adolescents. This increased rate of TB dis-
ease was driven by high viral loads and decreased CD4
counts, highlighting the importance of screening for incident
TB disease in APHIV failing ART. These adolescents should
have access to clinical assessment including CXR and rapid
molecular diagnostics and culture as QFT may not be sensitive
or predictive of TB disease. In addition, strategies to prevent
TB disease such as TB preventive therapy as well as strate-
gies to enhance treatment adherence should be strengthened.
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Additional information may be found under the Supporting
Information tab for this article.
Table S1. Characteristics of APHIV and HIV-negative youth at
study enrolment, comparing those included vs excluded from
analysis
Table S2. Factors associated with QFT positivity at enrolment,
among APHIV who did not have TB disease at baseline
(N = 461): odds ratios from logistic regression analysis
Table S3. Incidence rates of QFT conversion over the first
three years of follow-up (among study participants who tested
QFT negative at enrolment)
Table S4. Sensitivity analysis I: variation in incidence of tuber-
culosis disease (TB) overall and by HIV status, using varying
definitions of TB events and duration of person-time
Table S5. Sensitivity analysis II: TB occurrence and predictors
among APHIV: all TB diagnoses versus bacteriologically con-
firmed TB diagnoses only, using negative binomial regression
with GEE to estimate overall TB incidence, including recurrent
events [incidence rate ratios]
Table S6. Sensitivity analysis III: Predictors of time to first TB
event among HIV+ youth: all TB diagnoses versus bacteriolog-
ically confirmed TB diagnoses only, using Cox proportional
hazards regression
Table S7a. Incidence rates of all tuberculosis disease events
over follow-up, comparing APHIV to HIV+ youth: crude and
adjusted incidence rate ratios from negative binomial regres-
sion with generalized estimating equations
Table S7b. Incidence of all tuberculosis disease events among
APHIV, stratified by participant characteristics: crude and
adjusted incidence rate ratios from negative binomial regres-
sion with generalized estimating equations

Frigati LJ et al. Journal of the International AIDS Society 2021, 24:e25671
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25671/full | https://doi.org/10.1002/jia2.25671

11

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25671/full
https://doi.org/10.1002/jia2.25671

	Outline placeholder
	jia225671-tbl-0001
	jia225671-tbl-0002
	jia225671-tbl-0003
	jia225671-tbl-0004
	jia225671-tbl-0005
	jia225671-bib-0001
	jia225671-bib-0002
	jia225671-bib-0003
	jia225671-bib-0004
	jia225671-bib-0005
	jia225671-bib-0006
	jia225671-bib-0007
	jia225671-bib-0008
	jia225671-bib-0009
	jia225671-bib-0010
	jia225671-bib-0011
	jia225671-bib-0012
	jia225671-bib-0013
	jia225671-bib-0014
	jia225671-bib-0015
	jia225671-bib-0016
	jia225671-bib-0017
	jia225671-bib-0018
	jia225671-bib-0019
	jia225671-bib-0020
	jia225671-bib-0021
	jia225671-bib-0022
	jia225671-bib-0023
	jia225671-bib-0024
	jia225671-bib-0025
	jia225671-bib-0026


