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Background. The paediatric HIV treatment programme in South Africa (SA) has grown since its inception in 2004. Despite this impressive
scale-up of antiretroviral therapy (ART) in children, the proportion of children started on ART and retained in care remains unacceptably
low, with only 47% of the 340 000 HIV-positive children in SA on ART in 2020. Johannesburg is one of the districts in SA with the largest
number of children living with HIV who are not on ART, and is a priority district for paediatric case finding and retention.
Objectives. To describe the dynamics of the paediatric HIV programme in Johannesburg, SA.
Methods. A secondary analysis was conducted on patient-level HIV treatment data from TIER.Net, the nationally mandated HIV/ART
database. Children aged <15 years who received ART between January 2004 and June 2019 at public health facilities in Johannesburg were
included. We reported the number of children on ART and the number who entered and exited the programme by age group over time,
and analysed the trends of these indicators.
Results. By December 2018, 7 630 children aged <15 years remained in Johannesburg’s paediatric ART programme: 82.5% were aged
5 - <15 years, with 54.1% of these being 10 - <15 years old. During the study period, 19 850 children were newly initiated on ART.
New initiations slowed from 2013, to range from 1 172 to 1 373 yearly. In 2018, 34.2% of initiators were aged <1 year, 24.2% 1 - <5 years
and 41.6% 5 - <15 years. Despite these initiations, the number of children on ART only grew by 97 in 2018, owing to programme losses.
In 2018, 924 children (12.1%) aged out, 35 (0.5%) died and 983 (12.9%) were lost to follow-up (LTFU), the latter having increased from
10.7% in 2017. Of children who aged out of the paediatric ART programme, 56.3% remained in care at the same facility.
Conclusion. Early in the SA ART roll-out, many children were found to be HIV infected and started on ART. This number started to slow
in 2013, after which the growth rate of the paediatric HIV programme also began to slow. Scale-up of methods for identifying older children
with HIV is needed. While ageing out of the paediatric programme is a consideration,the number of children LTFU remains unacceptably
high. Further interrogation of barriers to paediatric retention is needed to help realise the Joint United Nations Programme on HIV and
AIDS (UNAIDS) 90:90:90 goals for children in SA.
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In 2004, South Africa (SA) began what has since become the world’s
largest antiretroviral therapy (ART) programme. Identifying and
treating children with HIV is more complex than in adults, [1,2] and,
ever since inception, children have lagged behind. By 2019, it was
estimated that only 47% of the 340 000 HIV-positive children aged
<15 years living in SA were receiving ART,[3] and, despite universal
access to ART, more than half of the HIV-positive children in SA
were still not in care.
Around one-third of HIV‑infected infants will die in the first
2 years without access to ART.[4] Much focus has therefore been
placed on early infant diagnosis (EID) and linkage to ART. However,
prevention of mother-to-child transmission (PMTCT) and EID
strategies were historically not as robust as they have been more
recently. Given the low HIV testing rates in children aged ≥5 years,
many perinatally infected children remain untested.[1,2,5]
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Following diagnosis, HIV-positive children then need to be linked
to ART. While initiation of ART on the same day is recommended,[6]
barriers such as lack of healthcare worker confidence in managing
these children remain a challenge.[7] Lastly, retaining children
in care and ensuring adherence to ART are more challenging
than in adults. This is supported by an analysis of the long-term
outcomes of children and adolescents in the IeDEA-Southern Africa
Collaboration, which showed that adolescents with perinatally
acquired HIV had suboptimal retention and adherence to ART
during adolescence,[8] attributed to more frequent clinic visits
as well as delaying disclosure to the child.[5,9,10] Lower retention
and adherence affect virological suppression, which is the goal
of ART.
The paediatric ART programme in SA includes all children from
birth to <15 years of age who receive ART. The majority of children
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who receive ART do so from public health facilities, while a small
number may access ART through private healthcare.
TIER.Net, an electronic patient database, is used to monitor and
report on the programme in public health facilities.[11] Children living
with HIV (CLHIV) enter a facility’s paediatric ART programme
by being initiated on ART following an HIV-positive diagnosis, by
re-initiating ART after having interrupted treatment, or by transferring
in from another facility or district where they were already receiving
ART. Children leave the ART programme by moving into the adult
programme when they reach the age of 15 (ageing out), transferring
out to another facility, being lost to care, or dying. Ageing out is a
factor specifically relevant to the paediatric HIV programme. Being
lost to care, otherwise known as lost to follow-up (LTFU), means that
a CLHIV leaves care and probably stops taking ART. This cohort may
be over-estimated, with clients opting to move or ‘self-transfer’ to
other facilities without notifying their previous facility.[12]

Objectives

As SA strives to achieve the Joint United Nations Programme on
HIV and AIDS (UNAIDS) 90-90-90 targets, there is increasing
acknowledgement of the need to focus on important subgroups such
as CLHIV.[13] An understanding of the dynamics of the paediatric
ART programme can tailor interventions to achieve these HIV care
and treatment goals. This analysis aims to describe how a large
public sector paediatric ART programme has changed over time,
with shifting guidelines and dynamics. Using Johannesburg TIER.
Net data, we aimed to describe the trends of the paediatric HIV
programme in Johannesburg since its inception in 2004.

Methods

Study design

A secondary analysis was conducted on patient-level HIV treatment
data from TIER.Net.

Setting

Johannesburg district, situated in Gauteng Province, is the most
populous metropolitan area in SA,[14] with a population density of
3 200 people per km2. The district had an estimated ~14 800 CLHIV
in September 2021, which is the second-highest estimated number of
CLHIV in the country.[14] Johannesburg also ranks below average for
ART coverage in CLHIV <15 years compared with the rest of the
country, 44% compared with 51%.[15] In Johannesburg, this amounts
to ~8 200 untreated CLHIV. Of all deaths of children aged 5 - 14 years
in Johannesburg, ~10% are attributed to HIV-related causes.[14]
In order to monitor the HIV programme in SA, TIER.Net,
the nationally mandated HIV programme database, is used by
public health facilities to gather relevant visit information for
each client in care.[11] This information is used by the Department
of Health (DoH) for routine programme monitoring. Indicators
that are prioritised include the overall size of the programme
(number of children on ART) and new initiations in children aged
<15 years.
Anova Health Institute is the President’s Emergency Plan for AIDS
Relief (PEPFAR)/United States Agency for International Development
(USAID)-funded district support partner in Johannesburg and
supports the DoH in providing care and treatment to HIV-positive
children.

Record inclusion

TIER.Net records of all children aged <15 years who received ART
between 1 January 2004 and 30 June 2019 at public health facilities in
Johannesburg were included in the analysis.
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Data processing

The Johannesburg district June 2019 TIER.Net export was used for
the analysis. Records that had no ART start date available, as well
as those for adults aged ≥15 years, were excluded from the analysis.
Records that appeared to be incorrectly reported as children on
the database were also excluded. These were identified where the
date of birth was incorrectly recorded as being the same as the date
of starting ART. Lastly, data quality of the remaining records was
reviewed and records where there were crucial missing data or data
quality concerns were removed. We then analysed our dataset of
records of 30 733 children aged <15 years who were active in the
paediatric ART programme (Fig. 1).

Measures

The following measures were used to establish how the paediatric
ART programme has changed over time:
• the number of children who were active on ART at each time
point (active on ART is defined as children who have not been
transferred out, LTFU, aged out or died)
• mechanisms of how children entered the ART programme: newly
initiated, re-initiated or transferred in (Fig. 2)
• mechanisms of how children left the paediatric ART programme:
aged out, transferred out of the facility, LTFU or died (Fig. 2).

Analysis

The total number of children on ART at the end of each quarter,
between January 2004 and December 2018, was reported. Children
aged <15 years during the quarter were included in the paediatric ART
programme, while those aged ≥15 years were considered to have aged
out. Quarter 1 was the first 3 months (January - March) of the given
year, with the other quarters following.
For each HIV programme entry and exit method, we calculated
the frequency and percentage of records for each time period and
compared these.
All data were disaggregated by age group (<1 year, 1 - <5 years, 5 <10 years, 10 - <15 years).
The number of ART initiations and children on ART were
aggregated to annual figures for reporting from 2004 to 2018.
The frequency and percentage of each entry and exit method was
presented quarterly for 2017 and 2018.
For those who were started on ART at age <15 but aged out during
the study period, we report the number of those clients still in care at
the same facility but considered to be in adult care.

Ethical considerations

Permission was granted to conduct this analysis through the Human
Sciences Research Council Ethics Committee (ref. no. REC 3/22/08/18).

Results

Initiations and other programme inflow

Overall, 19 850 children aged <15 years were newly started on ART
in Johannesburg from January 2004 to December 2018. The number
of initiations peaked in 2010, with 1 812 children initiated that year.
Thereafter, initiations plateaued between 1 172 and 1 373 children per
year.
The highest proportion of children initiated was in the 1 - <5-year
group (30.1%; n=5 981), followed by 5 - <10 years (25.9%; n=5 137),
<1 year (24.2%; n=4 813) and lastly 10 - <15 years (19.7%; n=3 919).
The proportions varied over time, with the number of children aged
<1 year initiating ART increasing from 6.5% to 34.2% and children
aged 10 - <15 years increasing from 12.7% to 24.5% between 2004 and
2018, while the proportions of children initiated in the 1 - <5- and
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1 304 444 entries for clients in Johannesburg district June 2019 TIER.Net export
573 093 entries excluded because there was no date when ART was started
(ART start)

731 351 entries for clients
699 675 entries excluded where the client's age at ART start was ≥15 years
and the clients are therefore adults

533
17

entries excluded where age at ART start = 0, so their date of birth
and ART start date are the same (these are likely to be adults)
entries excluded where the age at ART start was <0 with negative
values probably caused by incorrectly captured date of birth
or ART start date

31 126 entries for clients aged >0 and <15 years at ART start
384
entries excluded where ART start date was prior to 2004 (before the
public ART roll-out in SA) and likely to be incorrectly captured

30 742 entries in the CLHIV dataset
9
entries deleted owing to missing data or data quality concerns:

• 3 missing 'last ART next appointment date' in a client who is active
• 4 conflicts regarding 'ART inflow' method
• 2 missing 'transferred in' date for a client who transferred in

30 733 entries in the final dataset
Fig. 1. Data processing flow. (ART = antiretroviral therapy; SA = South Africa; CLHIV = children living
with HIV.)
Transferred out§
Newly initiated on ART*
Children
Re-started on ART†
Transferred in‡

Lost to follow-up

¶

on ART
Aged out||

<15 years

**

Died

Fig. 2. Methods of entry to and exit from the paediatric HIV programme. (ART = antiretroviral therapy;
ARVs = antiretrovirals; PMTCT = prevention of mother-to-child transmission; *Children who were
started on ART, who had never before received ART but may have received ARVs as part of PMTCT;
†
Children who were re-started on ART, who had previously received ART; ‡Children who were already
receiving ART, and moved to a new facility; §Children who were receiving ART and parent/guardian
requested to move out of that facility; ¶Children who had missed their appointment by ≥90 days;
||
Children who were receiving ART who turned 15 years old and therefore became part of the adult ART
programme; **Children who were receiving ART and died from HIV- or non-HIV-related causes.)

5 - <10-year age groups declined (Fig. 3). In
2018, 58.4% of initiations were taking place in
children aged <5 years.
From January 2017 to December 2018,
~64% of children who entered the Johannes
burg paediatric ART programme were
newly initiated (Fig. 4). A high proportion
of children also transferred into the ART
programme, ranging from 31.5% to 44.8%. A
minority of children were restarted on ART
(5.2 - 9.8%).

Total children on ART and
programme growth

At the end of December 2004, 221 children
aged <15 years were receiving ART. By

December 2018, the number of children
on ART had increased to 7 630 (Fig. 5).
This number initially grew rapidly until
2012, with annual growth rates in excess of
10%, and then more slowly until 2016, after
which the annual growth rate slowed to
<5% (Fig. 5). In 2018, the rate of paediatric
programme growth was 1%, with the
programme growing by 97 children.
The slow growth, despite the steady rate
of initiations, was due to children exiting
the programme, a phenomenon that is
increasing over time (Fig. 6).
In 2004, the proportion of children aged
≥10 years receiving ART was low (8.1%;
n=18) compared with later periods. This

330

May 2022, Vol. 112, No. 5

proportion changed as the programme
matured, and at the end of 2018, 82.5% of
the children on ART were 5 - <15 years of
age (n=6 293), with 54.1% being ≥10 years
old (n=4 124). The proportions of children
on ART who are 10 - <15 years old has
increased in recent years, while the number
aged 5 - <10 years has been decreasing,
probably as those children age and vertical
transmission declines.

Methods of paediatric HIV
programme exit

In 2018, 2 581 children left the paediatric
ART programme. Of these, 924 children
(35.8%) aged out, 639 (24.8%) transferred out,
35 (1.4%) died and 983 (38.1%) were LTFU
(Fig. 6). Of the total children on ART in 2018,
12.9% were LTFU, which increased from
10.7% in 2017. While the absolute number
of children who aged out increased from the
year before (n=889), the proportion of the
outflow due to ageing out did not increase,
from 38.2% in 2017 to 35.8% in 2018. The
outflow due to ageing out represents ~12% of
the children who were receiving ART in the
paediatric programme in 2018.

Transfer in and out dynamics

During the period 2017 - 2018, the number
of children who transferred in was 1 224,
with 1 233 transferring out (Fig. 7).

Outcomes of children who started
ART at <15 years and aged out of
the paediatric programme

Of children who aged out of the paedia
tric programme (n=7 960), 4 478 (56.3%)
remained in care at the same facility at the
end of June 2019.

Discussion

Summary of principal findings

• There has been a substantial increase in
the number of children in the paediatric
ART programme in Johannesburg since
the start of the ART roll-out in 2004.
• Since 2011, as a result of children
exiting the programme, the number of
children on ART in Johannesburg has
not increased despite new children being
initiated on ART.
• Currently, ~80% of children on ART
are between 5 and <15 years old, which
represents maturing of the paediatric HIV
population combined with the successes
of the PMTCT programme.
• More than 50% of new initiations still take
place in children aged <5 years.
• Of children who aged out of the paediatric
ART programme, 56.3% remained in care
at the same facility.
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Fig. 3. New ART initiations by age group, January 2004 - December 2018. (ART = antiretroviral therapy.)
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Fig. 4. Entry into the paediatric HIV programme by method, January 2017 - December 2018.

With almost 120 000 children and adoles
cents aged <15 years living with HIV in SA
still not accessing ART,[3] particular emphasis
on increasing case finding and retention
in care for this population is required.
Better understanding of the dynamics of
the paediatric HIV programme is therefore
needed. The present study addresses this
need by providing an in-depth description
of a large paediatric ART programme over
>10 years using routine data. The findings

from this study can be used to inform
strategies to increase case finding and
retention in care for children and adolescents
living with HIV.

Initiations and programme inflow

The paediatric HIV programme in
Johannesburg has grown substantially since
its inception in 2004, when the SA ART
roll-out began in the public sector.[2] The
programme grew rapidly from 2004 to 2011,
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after which the number of initiations per
year stabilised.
In 2004, most of the children who entered
the ART programme were 1 - <10 years
of age. The small number of infants was
probably due to the difficulty of diagnosing
infants at that time, as HIV polymerase chain
reaction testing was not routinely available.[16]
There were also few adolescents aged 10 <15 years being initiated on ART, as the
epidemic in SA was not mature enough for
large numbers of perinatally infected children
to have reached that age group.
By 2018, with improvements in PMTCT
and EID, and the widespread access to and
provision of ART, the proportions of infants
and adolescents 10 - <15 years of age initiated
on treatment had increased; however, under
half of all initiations still took place in those
5 - <15 years old. A gap still remains in
identifying and treating CLHIV 5 - <15 years
of age, who make up >80% of untreated
CLHIV in Johannesburg.[15] Case finding
in this group requires prioritisation,
and healthcare workers need to be aware
that older children who are mildly ill or
asymptomatic can still be HIV infected and
need to be screened and tested for HIV. This
need can be addressed using strategies in the
health facility, such as index-contact HIV
testing services and screening children and
adolescents who enter health facilities via
key entry points, including acute care and
tuberculosis care, as well as in the community,
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Fig. 5. Total children on ART by age group and growth per year, January 2004 - December 2018. (ART = antiretroviral therapy.)
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Fig. 6. Methods of exiting the paediatric HIV programme for children <15 years old at ART start,
January 2017 - December 2018. (ART = antiretroviral therapy; LTFU = lost to follow-up.)

such as community index-contact testing and
school-based HIV screening and testing.[1,5]
For all these strategies, it is important
that healthcare workers are well equipped
to conduct HIV testing in children and
adolescents.[17] Self-screening for HIV is
another possible modality for improving HIV
testing rates in children ≥12 years of age, as
HIV self-screening is not recommended for
use in children <12 years old in SA.[18]
Most children and adolescents who enter
the ART programme in Johannesburg are
newly initiated on treatment (~64% in
2017 and 2018), with fewer children and
adolescents with HIV transferring into the

programme or being restarted on treatment
after having previously been lost to care.
Nevertheless, a relatively high proportion of
children transfer into the ART programme
(between 31.5% and 44.8%), demonstrating
the mobility of Johannesburg’s population.
Unfortunately, our data systems are not
adequate to track those remaining in care
across facilities. The number of children
re-starting ART is relatively low considering
the duration of ART access in SA, probably
because many children re-initiating ART are
captured as newly initiated owing to lack of
information provided during consultation or
sparse clinical notes about previous ART.[19]
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With the considerable growth in the early
years of the ART programme, the slowing
and then stabilising of growth in recent
years has been concerning given the large
projected gap in CLHIV who need to be on
treatment. The lack of programme growth
in recent years is probably due to slowing
of case finding, combined with continued
programme losses such as ageing out and,
more unfavourably, LTFU.
Over 50% of children on ART in
Johannesburg were aged 10 - <15 years
at the end of 2018. This group is largely
made up of children who started ART over
the past decade, and have now become
adolescents who will soon age out of the
paediatric ART programme. This finding
suggests that paediatric HIV programme
outflow due to ageing out will continue
to be a considerable factor affecting the
total number of children on ART in the
coming years. It is therefore recommended
that, instead of closely monitoring the total
number of children on ART per district,
it would be more useful to monitor the
gap between the estimated CLHIV and the
number of children on ART.

Methods of programme exit for
those starting ART at age <15 years

Although ageing out leads to fewer children
aged <15 years being on ART, it is the most
favourable method for adolescents to leave
the paediatric ART programme. Ageing out
means that these children have been retained
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Fig. 7. Number of children (<15 years) who transferred in and out of the Johannesburg paediatric ART
programme, January 2017 - December 2018. (ART = antiretroviral therapy.)

in care and have survived to reach their later
adolescent and adult years.
Children may also leave a district paediatric
programme by transferring out. In the
Johannesburg paediatric ART programme,
transfer out and transfer in have balanced
out over time, with considerable overall
movement in this population.
The number of children who leave
the programme through LTFU or death
is concerning. Of children who exit the
paediatric ART programme, a third are
LTFU, with an additional 1 - 2% known
to have died. The LTFU cohort, however,
may include undisclosed deaths and
undocumented transfers, where children
do not have the required or adequate
documentation to be transferred, as well
as disengagement from care.[12] Nyakato
et al.[12] found that 65% of children thought
to be LTFU were in fact undocumented
transfers to another facility. This finding
cannot be verified in other districts
such as Johannesburg, as Nyakato et al.’s
study was conducted in Western Cape,
the only province in SA where unique
patient identifiers have been implemented
to enable patient tracking across facilities.
Improving retention in care for children
and adolescents on ART is a priority.
Children are often more difficult to retain in
care owing to their need for age-appropriate
support, suboptimal, cumbersome ART
formulations, and delayed disclosure
of their own HIV status by caregivers.[20]
Differentiated service delivery, such as
providing ART through alternative pick-up

strategies, which leads to fewer clinic visits
and easier ART collections for adherent
clients, have been shown to improve retention
in adolescents on ART.[21] In addition, losses
during down-referral to other treatment
sites also influence reported LTFU rates. [19]
Strengthening the documentation of
transfers and implementing systems to
confirm that transfers have been received
by the accepting health facilities are needed
to reduce falsely high LTFU rates.[21] Lastly,
adherence to ART and retention in care are
key to reducing morbidity and mortality in
treated CLHIV. Healthcare workers need to
provide support to CLHIV in care, and their
caregivers, to equip them with strategies to
adhere to ART regimens and prevent care
interruptions.
The number of children or adolescents
who have died is likely to be underrepresented, as the primary healthcare
facility, where ART is usually provided, may
not be notified when children or adolescents
die in hospital or at home. In these cases,
the child or adolescent may be considered
LTFU.[5,12]

Study limitations

This secondary analysis of routine patientlevel data used information collected at
healthcare facilities and collated at district
level. It is therefore limited to the capacity
and accuracy of data capturing by facility
staff, as well as recording of visit data by
clinicians in client folders. In some cases,
there may be concerns about completeness
and accuracy.
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A more detailed cohort analysis of these
data would have provided better insight;
however, there are inherent limitations to
longitudinally analysing particular groups
of clients using TIER.Net. These limitations
include that only a cross-sectional analysis is
possible using data exported at a time point,
as visit data are overwritten at each new
client visit, where fields are not available on
TIER.Net, or where fields are not routinely
captured.
Retention in care cannot be accurately
quantified retrospectively, as clients who
have disengaged for periods of time may
since have returned to the ART programme
and be active in care at the time of the
analysis. Retention is therefore best viewed
as a snapshot at a particular period in time,
and is likely to have been underestimated in
this study.

Conclusion

Despite considerable growth in the paedia
tric HIV programme in Johannesburg since
its inception in 2004, challenges with finding
HIV-positive children and adolescents and
retaining them in care still remain. Case
finding in children ≥5 years of age needs
to be prioritised, considering that there are
still many undiagnosed or untreated CLHIV
who are at risk of serious morbidity and
mortality. In order to find these children,
available, evidence-based strategies should
be employed, such as index testing, as
well as screening and identifying children
needing testing at key entry points in health
facilities and at schools and within high-risk
groups in communities such as orphans
and vulnerable children and adolescents.
The number of CLHIV not on ART has
remained unacceptably high despite a
stable number of initiations yearly. While
ageing out of the paediatric programme is
a consideration, the number of children
LTFU remains unacceptably high. Retaining
children and adolescents started on ART in
the paediatric HIV programme is vital to
close the gap ofuntreated CLHIV and ensure
that case-finding efforts are not in vain.
More focus and advocacy are needed around
strategies to improve retention, clinically,
psychosocially and through the use of better
data systems, that will assist in achieving the
UNAIDS 90‑90‑90 goals for children in SA.
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