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Introduction
Adherence to antiretroviral therapy (ART) and retention in treatment programs are required
for successful virologic suppression and treatment outcomes. As the number of adolescents living with HIV continues to increase globally, more information about adherence and
retention patterns during and through transition from child- to adult-centered care is
needed to ensure provision of a high level of care and inform development of targeted interventions to improve patient outcomes in this vulnerable population. In this analysis, we
sought to describe long-term trends in adherence, retention, and virologic suppression in
adolescents receiving ART at a pediatric HIV clinic in Nigeria through transition to the adult
clinic.

Setting
The Jos University Teaching Hospital, United States President’s Emergency Plan for AIDS
Relief (PEPFAR)-funded HIV clinic in Jos, Plateau State, Nigeria.

Methods
We conducted a retrospective observational longitudinal evaluation of data that had been
collected during the course of care in a large pediatric ART program in Nigeria. We used
descriptive statistics to define our patient population and quantify retention from ART initiation through adolescence and transition to adult-centered care. Logistic regression was
used to evaluate predictors of loss to follow-up. We used medication possession ratio
(MPR) to quantify adherence for each year a patient was on ART. To evaluate adherence
and virologic suppression, we measured the proportion of patients with �95% MPR and the
proportion with virologic suppression (viral load �400 copies/mL) within each age cohort,

PLOS ONE | https://doi.org/10.1371/journal.pone.0236801 July 31, 2020

1 / 16

PLOS ONE

the Jos University Teaching Hospital. A restricted
dataset underlying the results presented in the
study is available on request from the author; email
requests should be made to the Harvard Chan
Institutional Review Board (irb@hsph.harvard.edu)
and should cc Phyllis J. Kanki (pkanki@hsph.
harvard.edu).
Funding: This work was funded, in part, by the U.S.
Department of Health and Human Services, Health
Resources and Services Administration (https://
www.hrsa.gov) through award number
U51HA02522 (PJK) and the Centers for Disease
Control and Prevention (CDC, https://www.cdc.
gov) through cooperative agreement PS001058
(PJK). The findings and conclusions in this report
are those of the authors and do not necessarily
represent the official position of the respective
funding agencies. The funders had no role in study
design, data collection and analysis, decision to
publish, or preparation of the manuscript.
Competing interests: The authors have declared
that no competing interests exist.

Adherence, retention, and transition patterns of adolescents living with HIV in Nigeria

and used bivariate analyses to examine any association between MPR and VL suppression
for all person-years observed.

Results
A total of 476 patients received at least one dose of ART as an adolescent (ages 10–19
years). The proportions of patients lost to follow-up were: 11.9% (71/597) prior to adolescence, 19.1% (31/162) during adolescence, and 13.7% (10/73) during transition to adultcentered care. While over 80% of patients had �95% medication adherence in all age
groups, their viral load suppression rates through adolescence and post-transition were only
55.6%–64.0%. For patients that successfully transitioned to adult-centered care, we
observed 87.7% (50/57) retention at month 12 post-transition, but only 34.6% (9/26) viral
load suppression.

Conclusions
Our evaluation found considerable proportions of adolescents lost to follow-up throughout
the ART program cascade. We also found discrepancies between the proportions of
patients with �95% MPR and the proportions with VL suppression, suggesting that true
medication adherence in this population may be poor. Significant attention and targeted
interventions to improve retention and adherence focused on adolescents are needed in
order for global programs to achieve 90-90-90 goals.

Introduction
With the great success of antiretroviral therapy (ART), larger numbers of children living with
HIV are surviving into adolescence and adulthood. Adolescents, defined as persons aged 10–
19 years, constitute a major driving force in the continued transmission of HIV globally, particularly in sub-Saharan Africa (SSA) [1]. Compared to a decade earlier, the global burden of
adolescents living with HIV increased by 28%, largely attributed to perinatally infected children surviving into adolescence [2]. Additionally, while new infections among children aged
0–14 years declined by about 50% from 2009–2015, new infections among older adolescents
aged 15–19 years declined by only 8% during the same period [2]. Modes of HIV acquisition
during adolescence include transfusion, sexual transmission, and sharing of unsterile injection
equipment. As of 2018, an estimated 1.6 million adolescents were living with HIV, with 80% in
SSA [3]. Despite improved survival due to ART, AIDS is still the number one cause of death of
adolescents in SSA and the second leading cause of death globally [1, 4].
From the start of the HIV epidemic, attention on adolescents living with HIV has been limited in many settings [4, 5]. Presently, scant empirical data exist on long-term outcomes in
adolescent ART patients, particularly in resource-limited settings (RLS) [6–12]. Rates of adherence to treatment and retention in care are low for adolescents living with HIV [13, 14]. There
is also a recognized gap in the published evidence on rates of transfer from child-centered care
(CCC) to adult-centered care (ACC) and on subsequent outcomes following transfer, especially in RLS [15–17]. Whereas transfer refers to the movement of a child from CCC to ACC
on a particular date or movement of a patient from one facility to another, transition can be
defined as the purposeful and planned process preceding and following the transfer event during which the adolescent is assessed for readiness, prepared for transfer with knowledge and
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skills, and followed up after transfer to ensure retention and effective self-management of their
health [18]. Most LMIC, including Nigeria, lack national guidelines for transition of adolescents in HIV care, and there is great in-country heterogeneity in transitional care models that
vary by program [19, 20]. As more children living with HIV age into adolescence or become
newly infected with HIV during adolescence, poor adherence, retention, and transfer rates
could impede the continued progress made by global HIV programs. Research to quantify longitudinal trends and determinants of retention in adolescents and youth on ART is a critical
foundation for developing targeted interventions to strengthen programs by improving adherence patterns, enhancing the transition process, and ensuring subsequent program retention
[11].
We conducted a retrospective evaluation of routinely collected data from pediatric patients
enrolled in the Harvard/AIDS Prevention Initiative in Nigeria (APIN) President’s Emergency
Plan for AIDS Relief (PEPFAR) program between 2006 and 2016. We evaluated patient-level
data to examine adherence, virologic suppression, and retention patterns through the adolescent years, the proportion that transitioned from CCC to ACC, and adherence, virologic suppression, and retention patterns 12 months post-transition.

Methods
Study design and participants
We conducted a retrospective evaluation of HIV-infected pediatric patients enrolled on ART
between 2006 and 2016 at the Jos University Teaching Hospital (JUTH), a Harvard/APIN
PEPFAR Program-supported ART site in Nigeria. The patients entered the program either following diagnosis of HIV infection through the prevention of mother-to-child transmission
(PMTCT) clinics or through the HIV testing services. Upon enrollment in the Harvard/APIN
PEPFAR-supported HIV care program, written informed consent for care was obtained from
parents and written assent from children 7–17 years of age, both of which included an option
for permission to use collected data for secondary research. All patients were assessed for ART
eligibility according to age-specific Nigerian National ART Guidelines in place at the time the
patient was under treatment, which followed the relevant current World Health Organization
(WHO) recommendations at the time of receiving care and treatment [21, 22]. The data repository and consent forms were approved by the institutional review boards at Harvard, APIN,
and JUTH, and this secondary analysis was determined exempt by the institutional review
board at Harvard and non-human subjects research at APIN and JUTH.
All ART-eligible patients in the pediatric HIV program were placed on treatment by a pediatrician following a clinical examination and a set of baseline laboratory tests, which included
hematology, clinical chemistries, CD4+ cell count, and plasma viral load (VL) measurements.
The majority of patients were prescribed a 30-day supply of antiretroviral (ARV) medications.
According to the clinical guidelines, following the first prescription pick-up, refills were
obtained monthly and patients returned to the clinics every three months for the first year and
every six months thereafter for routine clinical evaluation and laboratory monitoring, including hematology, clinical chemistries, CD4+ cell count, and VL, unless an earlier evaluation was
medically indicated. In reality, some clinical and laboratory visits were late, missed, or not
recorded; stock outs of test kits, i.e., VL assays, also resulted in missed laboratory tests. Patients
with a failing VL result after 6 months of ART received enhanced adherence counseling,
including assessment, education, and support, and were scheduled to return for a second VL
test in three months. Those with a consecutive failing VL result were switched to second-line
(2L) ART as determined by the pediatrician. All patient clinical, laboratory, and pharmacy
data were entered and stored in electronic databases [23].
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Per program protocol, adolescents receiving care in the JUTH pediatric HIV clinic transferred to the site’s adult HIV clinic, where they received new patient ID numbers, by 18 years,
but as early as 16 years. The age of transfer depended on the adolescent’s readiness, willingness,
and comfort, and on parents’ request (for some parents it was convenient to move their children earlier so that they could follow the same clinic schedule). The decision was made after
an adherence counselor met with the adolescent and sometimes also with the parents/caregiver
to discuss and assess the adolescent’s willingness, maturity, and understanding of their disease.
We reviewed the clinical records of the adult HIV clinic to identify those who transitioned and
to assess their 12-month outcomes. Additionally, we reviewed the records of 14 of JUTH’s
PEPFAR-supported satellite HIV care sites in Plateau State to identify additional transfer
patients that were not recorded in JUTH’s clinical records based on their demographic information. Additional transfer patients that were found at the pediatric satellite clinics were classified as transfers and censored on their last ART pick-up date at JUTH; no new transfer
patients were found at the adult satellite clinics that were not already recorded at JUTH.

Definitions
We evaluated patient variables at ART initiation (age, sex, HIV transmission risk category,
enrollment year, ART regimen, and VL). Baseline clinical assessments or laboratory evaluations for naïve patients were the closest measurements to, and up to six months before or 0.5
months after, their first ART pick-up date. Virologic suppression was defined as a single VL
below the limit of detection (�400 cp/mL).
We classified patients as lost to follow-up (LTFU) if they had missed their last scheduled
ART pick-up appointment by more than two months as of the date the study data were censored. Pediatric program data were censored on July 29, 2016; data for patients who transferred to the adult program were censored at 12 months after the date of transfer (up to July
29, 2017). Patients who missed a scheduled appointment by more than two months, but
returned to the clinic before the data censor date, were classified as retained in care; their treatment lapse would be indicated in their adherence measurement. Patients for whom death,
withdrawal, or transfer to non-Harvard/APIN sites was recorded during the period of evaluation were not considered LTFU. Data on deaths, withdrawals, or transfers were passively
obtained when either patients or their parents/caregivers provided the information; active
tracking of patients that were late to appointments was not feasible as part of the program.
We used medication possession ratio (MPR), as a surrogate for adherence, to quantify
adherence patterns [24–27]. For each complete year of age that a patient remained on ART, we
computed MPR for that year as the total number of pills provided during that year divided by
365 days and then multiplied by 100; if a patient discontinued ART for any reason or was censored during a given year, the denominator was the number of days the patient remained on
ART during that year. We stratified these average percent adherence values into clinically relevant categories for analyses: optimal (�95%), suboptimal (80%–94%), and poor (<80%),
based on previously established thresholds.

Statistical analysis
We summarized baseline demographics and clinical characteristics using standard descriptive
statistical methods. Additionally, we plotted patient entry and exit points from the cohort to
demonstrate numbers of patients included in the evaluation, highlighting those that entered
prior to adolescence (i.e., <10 years) and those that entered during adolescence (i.e., age 10–19
years). Bivariate comparisons of categorical variables were performed using the Χ2 test and
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Fisher’s exact test, as relevant, and of continuous variables using Student’s t-test and the Wilcoxon rank sum test, as relevant. Statistical significance was defined at an α-level of 0.05.
We measured retention in CCC as a proportion: the number of adolescents (�10 years) in
the cohort receiving care at the age of transition (�16 years) or at the censor date over the
number of adolescents who received at least one dose of ART. Similarly, we measured retention in ACC as the proportion of patients receiving care at 12 months in ACC over the number
who transitioned to ACC and had 12 months of observation time (not censored). Patients who
transferred outside of JUTH’s PEPFAR network were treated as censored on the date of transfer for the analyses.
We built a logistic regression model to examine predictors of LTFU. We considered all variables that were significant at the α-level of 0.20 in bivariate evaluations for the multivariate
model. Potential relevant interaction terms were also tested as part of the modeling process,
but no significant interactions were found at the α-level of 0.05. We excluded potential predictors that were not significant in the multivariate model by stepwise backward selection, and
presented only variables that remained significant at the α-level of 0.05 in the adjusted model.
To examine adherence as measured by MPR and VL suppression patterns by age, we conducted small cross-sectional evaluations by creating cohorts by age, including children in a
group if they received treatment for at least two months during that year. If a patient had more
than one VL during a given year, we used first measurement for the analyses. For each age
cohort, we computed the proportion of patients with �95% adherence as measured by MPR
and the proportion of patients with suppressed VL. We computed proportions with �95%
MPR for all patients in the age cohort as well as for only those with VL values. We also looked
at all person-years with VL values and calculated an overall proportion with �95% MPR and
an overall proportion with suppressed VL, and performed bivariate analysis to examine any
association between MPR and VL suppression.
As a sensitivity analysis for patients who dropped out part way through a year due to either
death, withdrawal or LTFU, we also computed MPR values for age cohorts using an intent-totreat (ITT) approach, where MPR for the drop out year was calculated as number of pills provided during that year until drop out divided by the full 365 days. There was no statistically significant difference between the proportions of patients with �95% adherence as measured by
MPR using the per protocol (PP) and ITT adherence values; thus, we reported PP data. As a
sensitivity analysis for missing VL data, multiple imputations of VL data for each age category
were generated and we recomputed and compared the proportions with undetectable VL, and
no difference was found; therefore, we have presented values based on those patients with data
available. Further, we performed another sensitivity analysis for missing VL data in which we
considered patients with missing VL as detectable and repeated the bivariate analysis to evaluate any association between MPR and VL suppression.
We conducted all statistical analyses using Stata version 13.1 (Stata Corporation, College
Station, Texas, USA).

Results
A total of 869 children initiated ART at JUTH between February 2006 and July 2016 (see S1
Fig, which represents a longitudinal overview of pediatric patient entry and retention). Of
those patients, 597 (68.7%) had entry dates that would have allowed them to reach the age of
adolescence (i.e., 10 years) during the observation period if retained on treatment. Out of
those eligible by entry date to reach adolescence by the end of the data collection period, 476
(79.7%) received at least one dose of ART as an adolescent, while 71 (11.9%) were considered
LTFU (Fig 1).
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Fig 1. Flow chart of patients. ART, antiretroviral therapy; LTFU, loss to follow-up; JUTH, Jos University Teaching Hospital; CCC, child-centered care;
ACC, adult-centered care. aCensored due to reaching end of study period.
https://doi.org/10.1371/journal.pone.0236801.g001

After creating cross-sectional age cohorts for each adolescent year from age 10 to 19, we
found that the largest age cohort within the adolescent group was those aged 10 years (Fig 2).
The majority (n = 331; 69.5%) of children that received ART during their adolescent years, initiated ART prior to age 10 years and the remaining adolescents, initiated ART in the program
at age 10 years or higher (n = 145; 30.5%).
Of the adolescents that initiated ART prior to age 10 years, 304 (91.8%) were infected
through MTCT, whereas of those that entered at age 10 years or above, 91 (62.7%) acquired
HIV through MTCT; for the children initiating ART at age 10 years or above, 42 (29.0%) did
not have a documented mode of transmission (Table 1). The median age at enrollment for all
adolescents evaluated in this analysis was 4.3 years (interquartile range (IQR): 0.8–7.3) and the
median time on treatment in the program for all adolescents was 7.2 years (IQR: 3.6–8.9). The
cohort was 50.8% (n = 242) female, with the majority of those initiating at �10 years being
female (60.0%). Over half (52.5%) of the children in the cohort were initiated on ART regimens containing zidovudine + lamivudine + nevirapine.

Retention and loss to follow-up in adolescents
Overall, 379 of 476 (79.6%) of the adolescents that received ART were retained in CCC or transitioned to ACC at the end of the study period. Of those, 283 (74.7%) had been enrolled prior
to adolescence while the remaining patients were newly initiated on ART during adolescence.
97 (20.4%) adolescent ART patients were not retained prior to reaching age 18 years; 5 (1.1%)
had died, 35 (7.4%) transferred or withdrew, and 57 (12.0%) were considered LTFU. Within
the LTFU group, 24 (42.1%) had enrolled on ART prior to age 10 years and 32 (56.1%)
enrolled during adolescence. In multivariate logistic modeling controlling for potential confounding variables (sex, previous ARV experience, first-line ART containing zidovudine
+ lamivudine vs. other, and transmission via mother-to-child vs. other), older age at ART

Fig 2. Number of patients that received treatment during adolescent years by age, stratified by age at ART initiation.
https://doi.org/10.1371/journal.pone.0236801.g002
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Table 1. Demographic characteristics of adolescent population, by period of program enrollment.
Characteristics

All Adolescents (10–19 years)

Number

Initiated ART at age <10 years

Initiated ART at age �10 years

476

331

145

Female

242 (50.8)

155 (46.8)

87 (60.0)

Male

234 (49.2)

176 (53.2)

58 (40.0)

Sex, n (%)

ART initiation year, n (%)
2006

113 (23.7)

90 (27.2)

23 (15.9)

2007

118 (24.8)

98 (29.6)

20 (13.8)

2008

65 (13.7)

51 (15.4)

14 (9.7)

2009

43 (13.7)

30 (9.1)

13 (9.0)

2010

16 (3.4)

12 (3.6)

4 (2.8)

2011

26 (5.5)

16 (4.8)

10 (6.9)

2012

37 (7.8)

21 (6.3)

16 (11.0)

2013

25 (5.3)

8 (2.4)

17 (11.7)

2014

11 (2.3)

3 (0.9)

8 (5.5)

2015

18 (3.8)

2 (0.6)

16 (11.0)

4 (0.8)

0 (0.0)

4 (2.8)

Previous ARV experience, n (%)

2016

61 (12.8)

33 (10.0)

28 (19.3)

Median age at entry, years (IQR)

4.3 (0.8–7.3)

3.2 (0.8–5.4)

10.9 (10.0–12.2)

Median time on treatment, years (IQR)

7.2 (3.6–8.9)

8.4 (6.1–9.3)

3.0 (1.3–4.6)

Median time on treatment as adolescent, year (IQR)

2.9 (1.2–4.6)

2.7 (1.2–4.6)

3.1 (1.2–4.6)
91 (62.7)

Main transmission mode, n (%)
Mother-to-child

395 (83.0)

304 (91.8)

Blood transfusion

15 (3.2)

6 (1.8)

9 (6.2)

Needle sharing

1 (0.2)

0 (0.0)

1 (0.7)

Sexual abuse/rape

2 (0.4)

1 (0.3)

1 (0.7)

Heterosexual transmission

1 (0.2)

0 (0.0)

1 (0.7)

62 (13.0)

20 (6.0)

42 (29.0)

Unknown
ART regimen at initiation, n (%)
AZT+3TC+NVP

250 (52.5)

175 (52.9)

75 (51.7)

AZT+3TC+EFV

151 (31.7)

107 (32.3)

44 (30.3)

Other
Median log VL at ART initiation, copies/mL (IQR)

75 (15.8)

49 (14.8)

26 (17.9)

4.72 (4.20–5.36)

4.63 (4.09–5.32)

4.94 (4.31–5.42)

ART, antiretroviral therapy; ARV, antiretroviral; IQR, interquartile range; AZT, zidovudine; 3TC, lamivudine; NVP, nevirapine; EFV, efavirenz; VL, viral load.
https://doi.org/10.1371/journal.pone.0236801.t001

initiation, later enrollment year, and longer duration on ART appeared to have slightly lower
odds of LTFU (Table 2).

Viral load suppression and adherence
Of the total person-years (1,801 person-years), the proportion with �95% adherence as measured by MPR was 85.0%, and of those that had VL data (906 person-years), the proportion
with �95% MPR was 83.6%. However, the proportion of total person-years with suppressed
VL was 61.0%.
Within each age cohort, the proportion of adolescents with follow-up VL values and average adherence �95%, as measured by MPR, ranged from 80.4% to 100% for all age cohorts
(Fig 3). Of note, the proportion of adolescents with �95% MPR did not vary significantly by
age cohort, regardless of VL data availability. As we observed overall, higher proportions with
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Table 2. Predictors of loss to follow-up from child-centered care among adolescent patients on antiretroviral therapy.
Predictor

Unadjusted OR (95% CI)

p-value

Adjusted OR (95% CI)

Age at ART initiation, years

1.21 (1.12–1.30)

<0.001

0.72 (0.61–0.86)

ART initiation prior to age 10 years

0.27 (0.15–0.47)

<0.001

Female sex

1.10 (0.63–1.92)

0.74

Previous ARV experience

2.02 (0.99–4.12)

0.052

1L NRTI AZT+3TC vs Other

0.23 (0.11–0.50)

<0.001

Transmission via MTCT

0.41 (0.22–0.77)

0.006

Enrollment year

0.95 (0.85–1.06)

0.33

0.51 (0.42–0.62)

0.999 (0.998–0.999)

<0.001

0.997 (0.996–0.998)

Duration on ART, years

OR, odds ratio; CI, confidence interval; ART, antiretroviral therapy; ARV, antiretroviral; 1L, first-line; NRTI, nucleoside reverse transcriptase inhibitor; AZT,
zidovudine; 3TC, lamivudine; MTCT, mother-to-child transmission.
https://doi.org/10.1371/journal.pone.0236801.t002

optimal adherence as measured by MPR did not appear to translate into higher proportions
with undetectable VL within each age cohort; for patients with VL data, we computed proportion with undetectable follow-up VL by age and found that proportion of patients with suppressed VL ranged from 55.6% to 64.0% during the adolescent years.
In bivariate analyses, examining association between adherence as measured by MPR and
VL for all person-years where patients had VL data, we found that patients with �95% MPR

Fig 3. Adherence as measured by MPR and VL during adolescent years by age cohorts. MPR, medication possession ratio; VL, viral load.
https://doi.org/10.1371/journal.pone.0236801.g003

PLOS ONE | https://doi.org/10.1371/journal.pone.0236801 July 31, 2020

9 / 16

PLOS ONE

Adherence, retention, and transition patterns of adolescents living with HIV in Nigeria

were more likely than those with <95% MPR to have undetectable VL. 64.5% of the personyears for patients with �95% MPR were associated with undetectable VL whereas 44.2% of
person-years for patients with <95% MPR were associated with undetectable VL (p<0.001).
While optimal MPR was positively correlated with VL suppression, the proportions with undetectable VL were low among both those with optimal and sub-optimal MPR.
The number of missing VLs over all person-years was considerable; 49.7% (895/1,801) of
total person-years were missing VLs. However, we did not see a significant difference in MPR
between those with missing VLs versus those with VLs. As a sensitivity analysis for personyears that were missing VLs, we performed another bivariate analysis in which we considered
all missing VLs detectable; we still found a significant correlation between MPR and VL suppression, with 31.8% of person-years for patients with �95% MPR were associated with undetectable VL compared to 24.6% of the person-years for patients with <95% MPR were
associated with undetectable VL (p = 0.015).

Transition from pediatric to adult program
For the evaluation of transition from CCC to ACC, a total of 162 patients that received at least
one dose of ART as adolescents had enough observation time from their ART initiation point
to reach age �16 years. Of the patients that had sufficient time since entry to have transitioned
to ACC, 116 (71.6%) reached age 16 years while still in the JUTH ART program. The remaining patients did not reach age of transition in the JUTH program, where 12 (7.4%) transferred
or withdrew prior to or at the time of reaching transition age, 3 (1.9%) had died, and 31
(19.1%) were LTFU. Of the 116 patients who reached age 16 years in the JUTH program, 43
(26.5%) had yet to transition at the end of the cohort observation period. Of the remaining 73
patients not censored, 58 (79.5%) were transitioned to ACC and 10 (13.7%) were LTFU. The
median age at ART initiation for the patients for whom we could evaluate transition was 11.2
years (IQR: 9.5–13.9 years) and of those patients, 17 (29.3%) had initiated ART prior to age 10
years.
Of the 58 patients that transitioned, 57 (98.3%) had been enrolled with sufficient observation time to evaluate retention at 12 months in ACC; of those patients, 50 (87.7%) were
retained for at least 12 months post-transition, and 5 (8.8%) were LTFU. Despite 87.7% retention at 12 months post-transition, VL data were only available for 26 of those retained; of those
with VL data, only 9 (34.6%) had an undetectable VL at 12 months post-transition. A sensitivity analysis comparing the 26 patients who had VL results and the 24 without VL results at
month 12 showed that patients with risk factors other than MTCT or unknown appeared
more likely to have VL results (70.6%) than those who acquired HIV through MTCT (42.4%,
p = 0.059); no differences were seen between the two groups by sex, age at enrollment, previous
ARV experience, enrollment year, duration on ART, regimen, or VL at time of transition to
adult program.

Discussion
Our retrospective evaluation found that 19.1% (31/162) of adolescents who received ART in
the pediatric program and had enough observation time to reach age �16 years were LTFU
before reaching the age of transition. Furthermore, while we found that over 80% of adolescents had �95% MPR in all age groups, less than 64.0% had VL suppression, suggesting that
true adherence to medication was poor. Achieving high levels of retention and adherence in
adolescent populations is fraught with challenges, which include stigma and discrimination,
concomitant substance abuse, forgetfulness, suspicion of therapy, complicated regimens,
decreased quality of life, work and family responsibilities, non-disclosure of HIV status, pill
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burden, drug toxicity and cost of transportation to the health facility [28]. The unique psychosocial and developmental issues facing youth are more varied and dynamic than those of
adults, as they must simultaneously deal with additional adolescent concerns including issues
with body image, first sexual experience, mental health issues, peer pressure and identity formation [29–34]. Additionally, compliance with drug regimens oftentimes worsens as a child
becomes more independent from parental control [35]. Anecdotally, our program clinicians
note that a related issue in the Nigerian setting is school attendance; while children typically
live with their parents during their primary school years, some shift to boarding schools as
adolescents, where supervision of adherence and retention as well as social stigma present
more challenges [36, 37].
Beyond adolescence, another consideration regarding long-term retention is transition to
ACC. In our program, we found that 13.7% (10/73) of patients who reached the age of transfer
and had sufficient observation time to transition to ACC were LTFU. More research is needed
to identify the reasons why some adolescents fail to transition in order to inform program-specific interventions that promote successful transition [6, 11, 30, 38]. Although facilitators of
transition have been indicated through research on other congenital conditions and HIV programs in resource-rich settings, such as use of guided transition teams, peer groups, and development of adolescent clinics, there are still insufficient data on factors that optimize transfer
and subsequent HIV retention rates in RLS despite a growing body of recent research [9, 39–
44]. Recent qualitative research has been aiming to identify both barriers and facilitators of
successful transition, leading to recommendations that include development of surveillance
systems for monitoring adolescents during transition, development of transition guidelines
and policies, multidisciplinary clinic models, dedicated transition staff, peer support groups,
training of adult providers, and communication between pediatric and adult clinics [45, 46].
Pettitt ED et al. have reported that successful transition to ACC can be promoted by a comprehensive, adolescent-friendly care model that includes support for their psychosocial needs and
requires increased collaboration among healthcare providers [7]. In Nigeria, the Adolescent
Coordinated Transition (ACT) two-arm randomized control trial is currently being conducted
to compare retention and VL suppression with a graduated transition and organized support
group intervention against the standard practices used in transferring adolescents from pediatric to adult care [47]. Overall, retention through the adolescent period through transition to
ACC will require different types of support, which change with time and child development
[48–50]. Interestingly, we found that in the JUTH program, of those that transitioned to ACC,
87.7% (50/57) were retained for at least 12 months post-transition, suggesting that a high level
of retention is possible following a successful transition.
In this longitudinal evaluation, the proportion of patients with VL suppression throughout
the adolescent years was below 64.0% among those with VL data. VL suppression was especially poor among the patients that were retained on ART at least 12 months post-transition to
ACC, at a mere 34.6% (9/26) among those with VL data. This poor VL suppression in adolescents was most concerning of our findings in this evaluation. In the era of 90-90-90, where the
third goal envisions 90% of patients virally suppressed, adolescents will pose a particular challenge in achieving targets.
Prior studies utilizing pharmacy refill and/or MPR as proxy measures of adherence in
adults have shown strong correlation with clinical outcomes [25–27, 51]. However, in this evaluation we found that high MPR did not correspond with high proportions of VL suppression
for all age strata through the adolescent years. One possible explanation for this incongruity is
suboptimal adherence. It is possible these children or their guardians are obtaining the medications, but the adolescents are either not taking the medications or not correctly taking their
full regimens. The psychosocial and developmental issues faced during adolescence may
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present as barriers to adherence, and adolescents may be prone to hiding their poor adherence
due to fear of judgment or punishment by clinicians, counselors, or the guardians who accompany them to pick up their medications. Another possible explanation for the poor correlation
between MPR and VL suppression is drug resistance. With median time on treatment of 7.2
years, the long duration on ART for these adolescents increases their risk for developing drug
resistance mutations. Despite current adherence, drug resistance will lead to VL rebound and
persistent non-suppression if the patient is not switched to an effective 2L regimen in a timely
manner, per program protocol. In some other study settings, pill counts have been used as a
proxy measure for adherence. A Botswana study found that adolescents in virologic failure
were more likely than those with viral suppression to have their adherence as measured by pill
count consistently >100%. Adolescents may attempt to hide their poor adherence by ‘pill
dumping’, or discarding pills to make it appear they were consumed [52]. The disparity
between proxy measurements of adherence like MPR and pill counts and viral suppression
indicates discord with true adherence rates.
Our findings suggest that both adherence counseling and monitoring for adolescents may
require different methods than what is typically used for adults. Adherence counseling for adolescents should be effective without feeling punitive such that some adolescents may feel a
need to hide poor adherence. Furthermore, since monitoring MPR does not necessarily provide a clear picture of VL outcomes, more regular VL monitoring for adolescents might be
warranted, and particularly during the first year after transition to ACC. This will enable more
timely adherence interventions, drug resistance testing when criteria are met, and quicker
switch to 2L. Considering the widening disparity in MPR and VL suppression for 17 and 18
year olds, we suggest routine drug susceptibility testing for all viremic adolescents at the time
of transition to ACC where resources are available. More research is required to clarify the
potential clinical, psychosocial, behavioral and logistical reasons behind the disparity between
the measures and to develop better ways to monitor and support adolescents.
To our knowledge, this is the first longitudinal evaluation of a pediatric ART cohort
through transition to adult care in Nigeria. A strength of this study is that we have over ten
years of observational data, including available VL measurements, through which we were able
to track the patients through adolescence and transition from CCC to ACC. A notable limitation given our study design was a small sample size for assessing transition from CCC to ACC.
It also must be noted that the number of missing VLs was considerable. However, we found
no significant difference in MPR between those with missing VLs versus those with no missing
VLs and were able to demonstrate no change in overall interpretation of results in our sensitivity analyses. The lack of association between MPR and VL missingness may suggest that the
missing VLs were due to programmatic issues, i.e., test kit stock outs, rather than patient level
of engagement in care. It is also possible that clinicians may be more likely to prioritize VL
testing for patients who appear to be less adherent or are not doing well clinically. Overall,
despite the limitations, our study design allowed us to track a single cohort and show that even
with limited numbers, we could reinforce that retention in adolescence must be addressed,
and that for those that successfully transitioned and were retained 12 months post-transition,
virologic suppression is a critical issue and adherence must be effectively measured and
reinforced.

Conclusions
There remains a need for research to inform development of evidence-based adolescent adherence and retention interventions as well as transition models for ART programs in RLS. As
determinants of retention might differ by population, understanding rates of transfer and
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influences on those rates in RLS are critical for building evidence-based HIV-specific health
care transition models in these settings [53]. Our goal in presenting empirical data spanning
10 years was to provide evidence for the need for formal interventions aimed at improving outcomes—retention, adherence, and VL suppression—of adolescents living with HIV transitioning from pediatric to adult ART programs. We found considerable proportions of adolescents
LTFU throughout the ART program cascade. While adherence rates measured by MPR
appeared high, they did not correspond with proportions of patients with VL suppression,
which were alarmingly low. For patients that transitioned, the proportion retained after a year
was high, but VL outcomes poor. Further investigation will be necessary to determine the reasons for LTFU and poor VL suppression in this key population group and design appropriate
interventions to ensure that no group is left behind as we work towards attainment of the 9090-90 targets.

Supporting information
S1 Fig. Longitudinal overview of pediatric patient entry and retention (n = 869). Shaded
boxes highlight patients that received ART as adolescents; green shading highlights patients
that initiated ART prior to adolescence and yellow shading highlights patients that initiated
ART as adolescents.
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