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Abstract
Introduction  Little is known about the effects of universal test and treat (UTT) policies on HIV care outcomes among 
youth living with HIV (YLHIV). Moreover, there is a paucity of information regarding when YLHIV are most susceptible 
to disengagement from care under the newest treatment guidelines. The longitudinal HIV care continuum is an 
underutilized tool that can provide a holistic understanding of population-level HIV care trajectories and be used to 
compare treatment outcomes across groups. We aimed to explore effects of the UTT policy on longitudinal outcomes 
among South African YLHIV and identify temporally precise opportunities for re-engaging this priority population in 
the UTT era.

Methods  Using medical record data, we conducted a retrospective cohort study among youth aged 18–24 
diagnosed with HIV from August 2015-December 2018 in nine health care facilities in South Africa. We used Fine 
and Gray sub-distribution proportional hazards models to characterize longitudinal care continuum outcomes in 
the population overall and stratified by treatment era of diagnosis. We estimated the proportion of individuals in 
each stage of the continuum over time and the restricted mean time spent in each stage in the first year following 
diagnosis. Sub-group estimates were compared using differences.

Results  A total of 420 YLHIV were included. By day 365 following diagnosis, just 23% of individuals had no 
90-or-more-day lapse in care and were virally suppressed. Those diagnosed in the UTT era spent less time as ART-
naïve (mean difference=-19.3 days; 95% CI: -27.7, -10.9) and more time virally suppressed (mean difference = 17.7; 
95% CI: 1.0, 34.4) compared to those diagnosed pre-UTT. Most individuals who were diagnosed in the UTT era and 
experienced a 90-or-more-day lapse in care disengaged between diagnosis and linkage to care or ART initiation and 
viral suppression.
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Introduction
Traditional methods for exploring HIV treatment and 
care outcomes (e.g., cross-sectional HIV care contin-
uums) fail to capture the complexity of the processes 
whereby people enter and leave HIV care, start and stop 
anti-retroviral therapy (ART), and alternate between 
being virally-suppressed and non-suppressed over time 
[1]. As depicted by Ehrenkranz et al., individuals may 
disengage from care (i.e., stop attending HIV clinic vis-
its), and subsequently reengage, at any point along the 
traditional HIV care continuum [1]. Often, this process 
of cycling in and out of care occurs multiple times across 
an individual’s care trajectory, thereby impeding con-
sistent ART use necessary for achieving sustained viral 
suppression.

Longitudinal HIV care continuum frameworks, includ-
ing that formalized by Ehrenkranz and colleagues, have 
been proposed as an alternative to the traditional cross-
sectional cascade as they provide a more nuanced picture 
of population-level care engagement outcomes over time 
[2, 3]. These longitudinal methods may be particularly 
useful for identifying specific gaps in treatment and care 
services at precise time points following diagnosis, and 
for elucidating which factors truly impact HIV care out-
comes across the cascade [2, 4].

Existing evidence suggests youth living with HIV 
(YLHIV) experience worse HIV treatment outcomes at 
each stage in the HIV care continuum compared to adults 
[4–8]. In sub-Saharan Africa, YLHIV are particularly vul-
nerable to suboptimal treatment and care outcomes [7, 
9]. A 2016 meta-analysis conducted by Zanoni and col-
leagues found that just 14% of South African YLHIV ages 
15 to 24 accessed ART [10]. Among those who accessed 
ART, an estimated 83% were retained in care and 81% 
were virally suppressed, yielding an overall prevalence of 
suppression of 10% [10]. These estimates make clear the 
reality that access to ART was one of the largest barri-
ers to achieving viral suppression among South African 
YLHIV prior to 2016.

In line with the World Health Organization’s treat-
ment recommendations, the South African government 
adopted a universal test and treat (UTT) policy in Sep-
tember 2016 increasing access to ART for all people liv-
ing with HIV regardless of clinical stage [12]. While some 
studies suggest this policy change yielded improvements 

in multiple HIV care outcomes among South African 
adults living with HIV, others suggest it increased attri-
tion from care following treatment initiation [11, 12]. 
Importantly, this policy change held the potential to 
overcome the primary barrier to achievement of viral 
suppression among YLHIV identified by Zanoni and col-
leagues [10]. However, little remains known about the 
true effects of this policy on longitudinal care outcomes 
among YLHIV specifically [10, 13]. Current cross-sec-
tional data suggest poor retention in care and viral non-
suppression persist among YLHIV even in the era of 
UTT [13, 14].

Addressing barriers to sustained engagement care 
among YLHIV is critical if we are to end the HIV epi-
demic by 2030 [9, 18]– yet, a limited number of studies 
have identified temporally precise opportunities for re-
engaging YLHIV following lapses in care in the UTT era 
[6]. To address the identified gaps in the literature, we 
draw on the longitudinal HIV care continuum framework 
to: (1) explore the effects of the UTT policy on HIV care 
outcomes among YLHIV in rural South Africa, and (2) 
identify temporally precise opportunities for re-engag-
ing this priority population in HIV care during the UTT 
treatment era.

Methods
Study site
This study was conducted in the Agincourt Health and 
Socio-Demographic Surveillance System study area 
(HDSS) in rural Mpumalanga Province, South Africa 
[15]. This area is approximately 500  km northeast of 
Johannesburg [15] and home to nearly 120,000 indi-
viduals [16]. An estimated 27% of young women and 6% 
of young men ages 20 to 24 in this area are living with 
HIV, consistent with national trends that suggest young 
women are over three times as likely to be living with 
HIV compared to their male counterparts [17]. Access to 
public sector services and economic opportunities post-
schooling in the HDSS is limited, contributing to a high 
degree of work-related migration, particularly among 
youth exiting the school system [18].

Nine publicly funded health care facilities provide 
medical services to a majority of study area residents 
[19]. Within these facilities, access to primary health 
care, HIV counseling and testing services, and ART is 

Conclusions  Implementation of UTT yielded modest improvements in time spent on ART and virally suppressed 
among South African YLHIV— however, meeting UNAIDS’ 95-95-95 targets remains a challenge. Retention in care 
and re-engagement interventions that can be implemented between diagnosis and linkage to care and between 
ART initiation and viral suppression (e.g., longitudinal counseling) may be particularly important to improving care 
outcomes among South African YLHIV in the UTT era.
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free of charge. Across the study period, nationally recom-
mended HIV counseling and testing services consisted of 
pre-test group and individual information sessions fol-
lowed by testing and post-test counseling [20]. Patient 
wait times in this setting often exceed national standards 
and there is limited to no differentiated care for young 
people [21].

Study population
We extracted data for all individuals aged 18 to 24 with 
a recorded HIV diagnosis in the HDSS-Clinic Link Sys-
tem (n = 685), described in further detail below, between 
August 1st, 2015, and December 31st, 2018. Individu-
als who were not diagnosed in one of the nine publicly 
funded health care facilities used by residents of the 
Agincourt HDSS (n = 251), had a viral load measurement 
below 400 copies/mL within seven days of diagnosis 
(n = 29) or migrated into the Agincourt HDSS after their 
first HIV diagnosis (n = 16) were excluded from the analy-
sis to ensure participants were diagnosed and entered 
HIV care in an Agincourt HDSS facility.

Data sources
We used data from the Agincourt HDSS-Clinic Link Sys-
tem, previously described, to determine population clini-
cal outcomes [22–25]. Briefly, the Clinic Link System is 
a population-based clinical care database that covers 
consenting/assenting patients seeking HIV-specific ser-
vices or chronic care in all nine publicly funded health 
care facilities used by study area residents. Data captur-
ers supported by the Agincourt HDSS research team 
and stationed at each of the facilities since 2014 consent/
assent patients seeking care on a daily basis. After obtain-
ing written informed consent/assent clinical visit data 
and patient demographic data from physical patient files 
are captured in the Clinic Link System and linked to cor-
responding records in the Agincourt HDSS census data-
base described below. Data capturers continually update 
clinical records data as individuals return for services. 
This dataset is highly robust and considered to be repre-
sentative of individuals who have engaged in clinical care 
within the Agincourt HDSS since 2014.

Because the HDSS-Clinic Link System viral load data 
were occasionally missing, viral load measurements 
were supplemented using data from the South African 
National Health Laboratory Service. The South African 
National Health Laboratory Service provides HIV diag-
nostic services to approximately 80% of South Africans 
and conducted more than 5 million viral load tests across 
16 laboratories in 2018 [26, 27].

Mortality and migration data were obtained from 
the Agincourt HDSS census database and linked to the 
HDSS-Clinic Link System data. The Agincourt HDSS 
database has been updated annually since 2000 and 

provides information on resident status and vital events 
such as migrations, births, and deaths [15].

Measures
Linkage to care  Individuals were considered linked to 
care on the first of the following dates: results delivered 
for CD4 testing after HIV diagnosis, a follow-up visit with 
an indication of HIV treatment delivery, or a CD4 or viral 
load test after HIV diagnosis.

Loss to follow-up  Participants with no documented 
clinic visits for any given 90-day period following diagno-
sis were considered lost to follow-up (LTFU) on the first 
date the definition was met (i.e., the 90th day following the 
most recent visit date). This definition is consistent with 
a lapse in medication coverage, or “defaulting”, defined in 
the South African national HIV adherence guidelines, as 
medications are typically dispensed 90 days at a time [28]. 
We also considered a 180-day clinic visit lapse definition 
of LTFU as has been previously recommended (see Sup-
plemental Tables 1–3) [29].

Treatment status  Participants were considered on ART 
the first date of any HIV treatment medication pickup. 
Individuals who had a suppressed viral load measurement 
prior to the first recorded ART pickup date (n = 3) were 
considered on ART the same date as the suppressed viral 
load measurement.

Viral suppression status  Consistent with our team’s 
existing work, viral load measurements less than 400 cop-
ies/mL were considered virally suppressed [30, 31].

Possible virologic failure  Viral load measurements of 
1000 copies/mL and above subsequent to a suppressed 
viral load measurement were considered indicative of 
possible virologic failure [32, 33].

Suboptimal care outcome  Because death (n = 1) and pos-
sible virologic failure (n = 3) were uncommon in the study 
population overall, we combined the competing events of 
LTFU, death, and possible virologic failure in a “subopti-
mal care outcome” measure.

Statistical analysis
To characterize the longitudinal HIV care continuum in 
the study population we utilized analytic methods simi-
lar to those formalized by Lesko et al. [34]. These meth-
ods are similar to multistate analytic approaches and are 
designed to account for competing events and transitions 
into and out of multiple stages over time [3, 34]. First, we 
fit a Fine and Gray sub-distribution proportional hazards 
models with no covariates and used the Breslow estima-
tor to calculate the cumulative incidence of seven distinct 
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care continuum events specified in Table 1. Date of diag-
nosis served as the origin for each outcome of interest 
and administrative censoring occurred on day 365 fol-
lowing diagnosis or February 1, 2019. Competing events 
for each of the seven distinct outcomes are specified in 
Table 1. As detailed by Lesko et al., these outcomes were 
not of interest in and of themselves, but instead represent 
transitions between eight mutually exclusive stages of the 
longitudinal care continuum (Fig. 1) [35].

We estimated the proportion of the population in these 
eight mutually exclusive stages at each timepoint follow-
ing diagnosis (i.e. on any day during the 365 days of fol-
low-up). Events appearing in white in Fig.  1 (diagnosed 
with HIV but not yet linked to care; linked to care but 
ART naïve; on ART but virally non-suppressed; virally 
suppressed), represent the primary stages an individ-
ual progresses through in their care trajectory. Those 
appearing in gray (suboptimal care outcome before link-
age to care; suboptimal care outcome after linkage but 
before ART initiation; suboptimal care outcome after 
ART initiation but before viral suppression; suboptimal 

care outcome after viral suppression) represent absorb-
ing stages that preclude the individual from progressing 
through the remaining primary stages in the continuum.

The proportion of the population in each stage of the 
care continuum was estimated by adding and subtracting 
cumulative incidence curves as outlined in Table 2.

These proportions are visually presented as a set of 
stacked curves that sum to one by design given the 
mutually exclusive nature of the eight care continuum 
stages. The area between adjacent curves represents the 
restricted (as each participant is followed for a maximum 
of one year and all outcomes may not be observed) mean 
time spent in that stage over the one-year follow-up 
period. Given individuals who experienced a sub-optimal 
care outcome (i.e., loss to follow-up, death, or possible 
virologic failure) were not permitted to reenter a pri-
mary stage following the occurrence of the sub-optimal 
outcome, estimates of the mean time spent linked to care 
but ART naïve; on ART but virally non-suppressed; and 
virally suppressed, represent the restricted mean time 

Table 1  Events of interest in the longitudinal HIV care continuum
Outcome Definition Competing event
Sub-optimal care outcome before linkage 
to care (R1)

Death date or absence of HIV clinic visit for any 90-day interval prior to 
care initiation

Linkage to care

Linkage to care (R2) First visit when HIV-related medication or ART was dispensed, or viral 
load or CD4 count test was conducted

LTFU or death before linkage 
to care

Sub-optimal care outcome after linkage to 
care but before ART initiation (R3)

Death date or absence of HIV clinic visit for any 90-day interval be-
tween linkage to care and ART initiation

LTFU or death before linkage to 
care; ART initiation

ART initiation (R4) First date of any HIV treatment medication pick up on or following 
date of HIV diagnosis

LTFU or death before linkage to 
care or ART initiation

Suboptimal care outcome after ART initia-
tion but before viral suppression (R5)

Death date or absence of HIV clinic visit for any 90-day interval be-
tween ART initiation and achievement of viral suppression

LTFU or death before linkage 
to care or ART initiation; viral 
suppression

Viral suppression (R6) Viral load < 400 copies/mL LTFU or death before linkage 
care, ART initiation, or viral 
suppression

Sub-optimal care outcome after viral sup-
pression (R7)

Death date or absence of HIV clinic visit for any 90-day interval after 
achievement of viral suppression or viral load ≥  1000 copies/mL 
subsequent to viral suppression

LTFU or death before linkage 
to care, ART initiation, or viral 
suppression

Abbreviations: ART- antiretroviral therapy; LTFU- lost to follow-up

Fig. 1  Conceptual framework for flow (arrows) through the longitudinal HIV care continuum stages (boxes)
Abbreviations: ART-antiretroviral treatment initiation; LTFU- loss to follow-up
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spent in each of these stages with no prior 90-or-more 
day gap in care.

Ultimately, we estimated (1) the proportion of partici-
pants in each of the eight stages of the continuum (four 
primary stages and four absorbing stages) and (2) the 
restricted mean time spent in each stage over the one-
year period following diagnosis in the cohort overall and 
stratified by treatment era of diagnosis. We used inverse 
probability of treatment weights to account for mean-
ingful differences in the distribution of sex and age at 
diagnosis between the two groups. Crude estimates are 
presented in Supplemental Tables 4 and 5. We calculated 
differences in outcomes among those diagnosed pre- (ref-
erent) and post-UTT implementation and estimated the 
95% Wald confidence intervals (CI) using the standard 
error of estimates obtained from 300 non-parametric 
resamples of the data [36]. All analyses were conducted 
in SAS 9.4 (SAS Institute Inc., Cary, NC).

Ethics
This study was approved by the University of North 
Carolina at Chapel Hill’s Institutional Review Board, the 
University of the Witwatersrand’s Human Research Eth-
ics Committee, and the Mpumalanga Provincial Health 
Research Committee.

Results
A total of 420 individuals were included. A majority were 
female (n = 389; 92.6%) and diagnosed after the adoption 
of UTT (n = 266; 63.3%) (Table 3). Median age at diagno-
sis was 22 (interquartile range [IQR]: 20–24) and median 
CD4 cell count at diagnosis or entry into care was 333 
(IQR: 217–458) (Table 3).

At day 90 post-diagnosis, 81.8% of all participants had 
ever linked to care, 61.6% had ever initiated ART, and 
5.9% had ever achieved viral suppression (S1 Figure); 
over one-third (33.8%) had become LTFU (S1 Figure). 
By 6 months post-diagnosis, 16.9% of all participants had 
ever achieved viral suppression (S1 Figure). By the end 
of the first year following diagnosis, 83.0% of all partici-
pants had ever linked to care, 69.4% had ever initiated 
ART, 30.9% had ever achieved viral suppression, 68.2% 
of all participants had become LTFU, 0.2% had died, and 
0.7% had experienced virologic failure (S1 Figure). Par-
ticipants spent a restricted mean time of 19.5 days (95% 
CI: 16.0, 23.0) between diagnosis and linkage to care; 29.4 
days (95% CI: 25.6, 33.3) linked to care but ART-naive; 
107.4 days (95% CI: 95.9, 118.8) on ART but virally non-
suppressed; and 53.7 days (95% CI: 45.2, 62.2) virally sup-
pressed (Table 4).

Approximately 25% of individuals diagnosed in the 
UTT era, compared to 15% of those diagnosed in the 
pre-UTT era initiated ART the same day they were diag-
nosed with HIV (Fig.  2). Individuals diagnosed in the 
UTT era initiated ART more quickly after linkage to 
care (restricted mean difference [MD] of time between 
linkage to care and ART initiation: -19.3; 95% CI: -27.7, 
-10.9), and spent more time over the one-year follow-up 
period on ART and virally suppressed when compared to 
those diagnosed in the pre-UTT era (MD of time spent 
on ART- virally non-suppressed: 12.7; 95% CI: -8.2, 33.7; 
MD of time spent virally suppressed: 17.7; 95% CI: 1.0, 
34.4) (Table  5). By the end of follow-up, 85.2% of par-
ticipants diagnosed in the pre-UTT era had ever linked 
to care, 60.1% had ever initiated ART, and 26.0% had 
ever achieved viral suppression (Fig.  2). Among those 
diagnosed in the UTT era, 80.2% had ever linked to 

Table 2  Equations for estimating the proportion of individuals 
in each stage of the continuum at any given time point during 
study follow-up
Primary stages
Diagnosed with HIV but not yet linked to care P(D) = 1-R1(x)-R2(x)
Linked to care but ART naïve P(C) = R2(x)-R3(x)-R4(x)
On ART but virally non-suppressed P(A) = R4(x)- R5(x)-R6(x)
Virally suppressed P(S) = R6(x)-R7(x)
Absorbing stages
Suboptimal care outcome before linkage to care P(L1) = R1(x)
Suboptimal care outcome after linkage but 
before ART initiation

P(L2) = R3(x)

Suboptimal care outcome after ART but before 
viral suppression

P(L3) = R5(x)

Suboptimal care outcome after viral suppression P(L4) = R7(x)
Abbreviations: ART- antiretroviral treatment

Table 3  Baseline characteristics of study participants, stratified by treatment era of diagnosis
Total (n = 420) Pre-UTT (n = 154) UTT (n = 266)
n (%) n (%) n (%)

Sex
  Female 389 (92.6) 146 (94.8) 243 (91.4)
  Male 31 (7.4) 8 (5.2) 23 (8.6)
Age at diagnosis (median/IQR) 22.2 (20.4–23.7) 22.3 (20.7–23.6) 22.2 (20.3–23.6)
CD4 cell count at diagnosis/entry into care (median/IQR)† 333 (217–458) 329 (200–438) 334 (221–483)
  <200 cells/mm3 74 (22.5) 32 (24.8) 42 (21.0)
  ≥200 cells/mm3 255 (77.5) 97 (75.2) 158 (79.0)
Abbreviations: IQR- interquartile range; UTT- Universal Test and Treat
†missing baseline CD4 n = 91
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Table 5  Differences in the restricted mean time spent in each stage of the HIV care continuum over 1-year follow-up period 
Pre-UTT wMean days† 
(95% CI)

UTT wMean days† (95% CI) wDifference in mean 
days† (95% CI)

Primary stages
Diagnosed with HIV but not yet linked to care 16.9 (11.6, 22.1) 21.3 (16.7, 25.8) 4.4 (-2.5, 11.3)
Linked to care but ART naïve 41.5 (33.7, 49.3) 22.2 (18.6, 25.9) -19.3 (-27.7, -10.9)
On ART but virally non-suppressed 99.4 (82.4, 116.4) 112.1 (98.0, 126.2) 12.7 (-8.2, 33.7)
Virally suppressed 42.2 (30.1, 54.4) 59.9 (48.2, 71.6) 17.7 (1.0, 34.4)
Absorbing stages
Suboptimal care outcome before linkage 39.8 (26.0, 53.6) 54.0 (41.4, 66.7) 14.2 (-4.3, 32.7)
Suboptimal care outcome after linkage but before ART 66.1 (47.2, 85.1) 39.5 (28.8, 50.2) -26.6 (-48.3, -5.0)
Suboptimal care outcome after ART but before 
suppression

54.0 (39.4, 68.6) 47.7 (36.7, 58.7) -6.3 (-24.4, 11.8)

Suboptimal care outcome after suppression 5.0 (1.4, 8.7) 8.2 (4.5, 11.9) 3.2 (-2.0, 8.4)
Abbreviations: ART- antiretroviral therapy; CI- confidence interval; UTT- Universal Test and Treat; wMean- weighted mean
†Weighted to account for differences in age at diagnosis and sex by treatment era of diagnosis

Fig. 2  Cumulative incidence of HIV care outcomes over 1-year following diagnosis, stratified by treatment era of diagnosis
Abbreviations: ART- antiretroviral treatment; LTFU- lost to follow-up; UTT- Universal Test and Treat Weighted to account for differences in age at diagnosis 
and sex by era of diagnosis

 

Table 4  Restricted mean time spent in each stage of care continuum over 1-year follow-up period and percent of individuals in each 
stage at end of follow-up

Mean days (95% CI) Percent (95% CI)
Primary stages
Diagnosed with HIV but not yet linked to care 19.5 (16.0, 23.0) 0.1 (0.0, 0.3)
Linked to care but ART naïve 29.4 (25.6, 33.3) 0.0 (0.0, 0.0)
On ART but virally non-suppressed 107.4 (95.9, 118.8) 7.3 (4.5, 10.1)
Virally suppressed 53.7 (45.2, 62.2) 23.0 (18.7, 27.3)
Absorbing stages
Suboptimal care outcome before linkage 49.7 (40.0, 59.4) 18.0 (14.4, 21.7)
Suboptimal care outcome after linkage but before ART 49.9 (39.9, 59.8) 18.5 (14.8, 22.3)
Suboptimal care outcome after ART but before suppression 48.8 (40.3, 57.2) 25.0 (20.8, 29.3)
Suboptimal care outcome after suppression 6.7 (4.1, 9.3) 7.9 (5.3, 10.5)
Abbreviations: ART- antiretroviral therapy; CI- confidence interval; UTT- Universal Test and Treat
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care, 65.7% had ever initiated ART, and 33.3% had ever 
achieved viral suppression (Fig. 2). On the last day of fol-
low-up, 5.7% (95% CI: 2.0, 9.4) of participants diagnosed 
in the pre-UTT era were on ART but non-suppressed, 
and 19.5% (95% CI: 13.1, 25.9) were virally suppressed 
(Table  6; Fig.  2). Among those diagnosed in the UTT 
era, 8.5% (95% CI: 4.7, 12.3) were on ART but non-sup-
pressed, and 24.5% (95% CI: 19.1, 29.9) were virally sup-
pressed (Table 6; Fig. 2). No meaningful differences were 
observed in the proportion of individuals in each of the 
primary stages of the care continuum at the end of the 
first year following diagnosis by treatment era of diagno-
sis (Table 6).

Over 70% of participants diagnosed in the pre-UTT 
era, as compared to just over 60% in the post-UTT era 
had experienced a suboptimal care outcome by the end 
of the first year following diagnosis with HIV (Table  6; 
Fig.  2). Among those diagnosed in the pre-UTT era, 
sub-optimal outcomes were most common in the peri-
ods between linkage to care and ART initiation and ART 
initiation and viral suppression (Table  6). Among those 
diagnosed in the UTT era, sub-optimal outcomes were 
most common in the periods between diagnosis and 
linkage to care and ART initiation and viral suppression 
(Table 6).

In analyses using the 180-day LTFU definition, dif-
ferences in the restricted mean time spent on ART, but 
virally non-suppressed and virally suppressed and the 
proportion in each of these stages at the end of the one-
year follow-up period were attenuated (S2-3 Tables). Dif-
ferences in the restricted mean time spent diagnosed, but 
not yet linked to care and linked to care, but ART naïve 
were strengthened.

Discussion
This study characterizes longitudinal HIV care con-
tinuum outcomes among YLHIV newly initiating HIV 
care in nine publicly funded health care facilities in rural 

South Africa pre- and post-implementation of the UTT 
policy. Overall, 83% of individuals had linked to care, 
69% had initiated ART, and 31% had achieved viral sup-
pression by one year following diagnosis. There were 
modest improvements in time spent on ART and virally 
suppressed among YLHIV diagnosed after the adoption 
of the UTT policy. However, the proportion of individu-
als diagnosed in the UTT era who had initiated ART, 
were retained in care, and were virally suppressed one 
year following diagnosis was well below the Joint United 
Nations’ Programme on HIV/AIDS’ 95-95-95 goal. 
Among those diagnosed in the UTT era, nearly one quar-
ter experienced a sub-optimal care outcome in the period 
between ART initiation and viral suppression and around 
20% experienced a sub-optimal outcome in the period 
between diagnosis and linkage to care.

Approximately 66% of individuals diagnosed during the 
UTT era initiated ART in the first year following diagno-
sis compared to just 60% of those diagnosed prior to UTT 
adoption. However, just 25% of those diagnosed during 
the UTT era initiated ART the same day as diagnosis as 
recommended under the UTT policy and the restricted 
mean time between linkage to care and ART initia-
tion was over 22 days. The mean time spent virally sup-
pressed among those diagnosed during the UTT era was 
60 days, slightly higher than the approximately 40 days 
observed prior to UTT adoption. Nevertheless, just 25% 
of individuals diagnosed during the UTT era were sup-
pressed at the end of follow-up representing a substantial 
gap in sustained retention on ART and viral suppression 
among YLHIV diagnosed in the era of UTT that must be 
urgently addressed. Differentiated, youth-friendly medi-
cal care and programs that target improvements in young 
people’s self-esteem, social support, and overall psycho-
social well-being may be important to improving care 
outcomes such as viral suppression in this population 
[37–43]. A retrospective cohort study of youth initiating 
ART at 37 facilities in South Africa demonstrated just 

Table 6  Proportion of participants in each stage of the HIV care continuum 1-year following diagnosis, stratified by treatment era of 
diagnosis

Pre-UTT
wPercent (95% CI)†

UTT
wPercent (95% CI)†

wPercent difference
(95% CI)†

Primary stages
Diagnosed with HIV but not yet linked to care 0.4 (0.0, 0.7) 0.2 (0.0, 0.4) -0.2 (-0.6, 0.3)
Linked to care but ART naïve 0.0 (-0.1, 0.1) 0.0 (0.0, 0.0) 0.0 (-0.1, 0.1)
On ART but virally non-suppressed 5.7 (2.0, 9.4) 8.5 (4.7, 12.3) 2.8 (-2.3, 7.9)
Virally suppressed 19.5 (13.1, 25.9) 24.5 (19.1, 29.9) 5.0 (-3.1, 13.1)
Absorbing stages
Suboptimal care outcome before linkage 14.5 (9.3–19.6) 19.6 (14.9–24.3) 5.2 (-0.2, 12.0)
Suboptimal care outcome after linkage but before ART 25.0 (17.8–32.2) 14.4 (10.4–18.5) -10.6 (-18.8, -2.4)
Suboptimal care outcome after ART but before suppression 28.4 (21.3–35.5) 23.9 (18.5–29.2) -4.5 (-13.4, 4.4)
Suboptimal care outcome after suppression 6.5 (3.0-10.1) 8.9 (5.2–12.5) 2.3 (-2.7, 7.4)
Abbreviations: UTT- Universal Test and Treat; ART- antiretroviral therapy; CI- confidence interval; wPercent- weighted percent
†Weighted to account for differences in age at diagnosis and sex by treatment era of diagnosis
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19% of study participants receiving support services were 
non-suppressed 5-years after ART initiation compared 
to 37% of those who did not receive community based-
services [43]. Care models such as these should be priori-
tized for South African YLHIV particularly in the critical 
first year following diagnosis.

Implementation of UTT appeared to influence the tim-
ing of sub-optimal care outcomes among YLHIV in this 
study. In both groups, sub-optimal outcomes were com-
mon in the period between ART initiation and achieve-
ment of viral suppression. However, those diagnosed in 
the pre-UTT era were more likely to experience a sub-
optimal outcome in the period between linkage to care 
and ART initiation while those diagnosed in the UTT era 
were more likely to experience a sub-optimal outcome 
between diagnosis and linkage to care. Existing evidence 
suggests low ART readiness may impede retention in 
care following diagnosis in the UTT era [44]. For exam-
ple, a study of adults immediately referred for ART in 
South Africa found that individuals who did not expect 
to receive a positive HIV diagnosis had significantly 
lower odds of ART readiness than others (adjusted odds 
ratio 0.26; 95% CI: 0.09, 0.78) and that the odds of link-
age to care among those expressing treatment readiness 
were 2.97 times that in individuals who were not ready to 
initiate ART [44, 45]. Our data support the assertion that 
the period between diagnosis and linkage to care remains 
a critical time during which individuals may disengage 
from care, even after implementation of UTT. As such, 
improved counseling and linkage to care at the point of 
diagnosis with HIV are essential to the success of same-
day ART initiation policies. Longitudinal counseling 
following diagnosis has been shown to improve linkage 
to care in other settings across sub-Saharan Africa [46, 
47]. As just one example of the potential benefits of this 
type of intervention, in a cluster randomized controlled 
trial exploring the effects of a counseling intervention on 
treatment outcomes among people living with HIV in 
Uganda, those in the intervention arm were significantly 
more likely to link to care compared to those in the con-
trol arm [47].

Our findings have important implications for HIV 
policy and programming for South African YLHIV in 
the UTT era. First, increased resources in the UTT era 
should be spent on retention in care efforts for YLHIV, 
particularly in the periods between diagnosis and linkage 
to care and ART initiation and viral suppression as previ-
ously discussed. Second, increased attention must center 
on monitoring longitudinal care outcomes for this group, 
specifically. While the cross-sectional HIV care cascade 
[48] is useful in describing the proportion of individuals 
in each stage of the care continuum at a specific point 
in time, it provides a mere snapshot of the true patient 
experience [3, 49]. Longitudinal HIV care cascade data 

allows for a nuanced exploration of population-level out-
comes over time [2, 3] and can aid in assessing the effec-
tiveness of HIV care programs as individuals progress 
through each stage of the continuum. Ultimately, these 
cascades can be harnessed to identify specific gaps in 
treatment and care services at precise time points follow-
ing diagnosis [2, 34].

This analysis had limitations. First, viral load monitor-
ing is recommended once within the first six months fol-
lowing diagnosis with HIV, and just once annually after 
that under the South African National HIV Treatment 
guidelines [28]. Because we were interested in assess-
ing HIV treatment outcomes in the first year follow-
ing an individual’s diagnosis, most participants had one 
opportunity to achieve viral suppression during the study 
period. Among those who achieved viral suppression, 
true time to viral suppression may have been shorter but 
went uncaptured because of infrequent viral load moni-
toring. Similarly, virologic failure among individuals who 
achieved suppression may have been under-captured 
due to infrequent viral load monitoring. Misclassified 
person-time could subsequently result in biased effect 
estimates. Second, mortality and migration data were 
only accessible from 2014 to 2017. Individuals who died 
in 2018 and were not yet administratively censored or 
LTFU before the time of death would have misclassi-
fied person-time. Given just one participant died in the 
2014–2017 follow-up period, this was a minor concern. 
Third, the Clinic Link System does not include data from 
individuals accessing private health care, or health care 
from clinics other than the nine publicly-funded facilities 
served by the study area. However, we do not expect this 
to represent a substantial issue as our prior work suggests 
a vast majority of study area residents seek care from 
the nine publicly funded facilities included in the HDSS 
Clinic Link System [19]. Lastly, the nature of the Clinic 
Link System prevented us from reliably ascertaining the 
reason for individuals’ LTFU. It is possible that individu-
als who were classified as LTFU actually transferred into 
care at a clinic outside the nine included health care facil-
ities, as has been documented in other studies [24, 25, 50, 
51]. Individuals who transferred care and were classified 
as LTFU may have progressed through additional stages 
in the HIV care continuum during the one-year follow-
up period, though we do not expect differential migration 
with respect to treatment era.

Conclusions
Implementation of the World Health Organization’s 
UTT policy yielded modest improvements in the time 
spent on ART and virally suppressed among South Afri-
can YLHIV. However, with just 66% of YLHIV diagnosed 
in the UTT era initiating ART, and just 25% virally sup-
pressed one year following diagnosis, meeting UNAIDS 
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95-95-95 targets remains a challenge. HIV treatment 
programs and policies for YLHIV in the UTT era should 
specifically center on improving longitudinal care out-
come monitoring, including increased frequency of viral 
load monitoring, and retention in care in the periods 
immediately following diagnosis and ART initiation.
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