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Background: In 2023, an estimated 39.9 million people globally were living with HIV, of
which 1.55 million were adolescents aged 10-19 years. The 2021 Zambia HIV Impact
Assessment revealed lower viral suppression rates in adolescents (15-24 years old) compared
to adults on antiretroviral therapy (ART). Lusaka District, Zambia, has the highest number
of adolescents on ART, with a 15.1% HIV prevalence in 2018.

Objectives: To determine the prevalence and factors associated with viral suppression
among adolescents living with HIV (10-19 years) on ART in Lusaka District, Zambia.

Method: A retrospective cohort analysis was done of 3409 adolescents on ART at public health
facilities in Lusaka from January 2023 to December 2023, and who had viral loads recorded.
Socio-demographic, clinical, treatment and behavioural data were extracted from electronic
health records and analysed using SPSS version 29.

Results: The adolescent cohort in Lusaka achieved 91.8% viral suppression rate (< 1000 copies/
mL), with 79% fully suppressed (< 50 copies/mL). In multivariate analysis, older adolescents
(15-19 years) had lower odds of suppression compared to younger adolescents (10-14 years)
(adjusted odds ratio [AOR] = 1.79; confidence interval [CI] : 1.32-2.43). Higher odds of viral
suppression were linked to first-line dolutegravir regimen (AOR = 5.12; CI: 3.23-8.11) and
optimal adherence (AOR = 1.89; CI: 1.03-3.47), while regimen switches reduced the odds of
viral suppression (AOR = 0.60; CI: 0.45-0.80).

Conclusion: Zambia reached the previous UNAIDS 90-90-90 targets with a viral suppression
rate of 91.8%. However, to reach the revised 95% target by 2030, tailored interventions should
be implemented to improve adherence and retention in care, particularly for older adolescents.

Keywords: adolescents; antiretroviral therapy; cohort; viral suppression; retrospective;
Zambia.

What this study adds: This study adds insights into adolescent viral suppression rates,
highlighting disparities by age and treatment regimen. The study provides evidence that first-
line dolutegravir regimens and optimal adherence significantly enhance viral suppression.

Introduction

The HIV pandemic remains a significant global health challenge, particularly affecting
adolescents aged 10-19 years. In 2023 an estimated 39.9 million (confidence limits: 36.1-44.6
million) people were living with HIV, of which approximately 1.55 million (1.2-1.9 million)
were adolescents.! Adolescents and young adults aged 10 years to 24 years continue to be
disproportionately affected by HIV with 360000 (240 000-480000) new HIV infections, of which
140000 (39000-240000) were older adolescents aged 15 years and 19 years.! This population
faces a significantly higher risk of antiretroviral therapy (ART) non-adherence, increasing their
susceptibility to mortality and morbidity compared to other age groups.?

The Joint United Nations Agency on HIV/AIDS (UNAIDS) 95-95-95 global target, which states
that 95% of people living with HIV (PLWH) should know their status, 95% of those who know
their status should receive ART, and 95% of those in care should have a suppressed viral load
(VL) by 2030 is recommended for low- and middle-income countries as part of a fast-track
strategy to end the HIV epidemic.’ Antiretroviral therapy is crucial for improving the duration
and quality of life of PLWH by suppressing the virus, reducing morbidity and mortality and
enhancing overall health.*
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The World Health Organization (WHO) recommends that all
PLWH on ART undergo routine VL testing to achieve these
global targets. At local level, VL monitoring is critical for
measuring ART efficacy, early detection of drug resistance,
improving clinical outcomes, improving treatment adherence
and reducing HIV transmission.”> Zambia has adopted the
WHO recommendation of regular monitoring of VL, with the
first VL test at 6 months and the second 12 months after starting
ART, and annual testing thereafter.

The WHO recommends three key categories for HIV VL
assessments: unsuppressed (> 1000 copies/mL); suppressed
(< 1000 copies/mL); and fully suppressed or undetectable
(VL not detected by test or sample type used) < 50 copies/
mL.° Zambia adopted the WHO guidelines that set viral
suppression as not suppressed at > 1000 copies/mL and
suppressed as < 1000 copies/mL.”® However, while Zambia
has set viral suppression at < 1000 copies/mL, it is important
to note that maintaining VL levels below 200 copies/mL is
critical to effectively preventing HIV transmission, aligning
with the “Undetectable = Untransmittable (U = U)’ principle.
This is particularly relevant among adolescents, where
ensuring sustained viral suppression at this lower threshold
can significantly reduce transmission risks and improve
long-term health outcomes.’

Adolescents living with HIV (ALHIV) face unique challenges
that are associated with rapid physical, psychological and
physiological changes during adolescence that impact
behaviour negatively on treatment adherence,'*! which in
turn leads to mental health problems,>** reduced engagement
with healthcare and lower rates of viral suppression.
However, the adolescent population is often overlooked
because programmatic reporting does not use the WHO
definition of adolescents (10-19 years old) and instead
classifies and reports them under paediatrics (0-14 years old)
or adult (15 years old and older) populations.

Viral suppression in PLWH is influenced by a complex
interplay of socio-demographic, clinical, treatment and
behavioural factors. Existing literature emphasises the role of
socio-demographic characteristics, such as (current) age, age
at ART initiation and gender in determining viral suppression
outcomes.?® Several studies report lower rates of viral
suppression in older adolescents compared to younger
adolescents due to treatment fatigue (being on ART from
childhood), and not being adequately prepared to transition
to adult care and self-management.'®"” Similar conflicting
results are reported for female versus male adolescents due
to gender differences in health-seeking behaviour,' as well
as higher infection rates amongst adolescent girls compared
to boys.!

Clinical factors such as duration on ART, and baseline CD4
count and WHO clinical stage have been found to be strong
predictors of viral suppression.'*'7*% Studies have shown
that adolescents who start ART with a less advanced
immunodeficiency (CD4 > 200 cells/mm? - 350 cells/mm?)
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appear to have better virological outcomes than adolescents
who start with a more severe immunodeficiency (CD4 count
<200 cells/mm?).192222324 However, other studies found that
higher CD4 counts were not associated with viral
suppression.®*?% Various studies have reported variations
around the duration on ART with viral suppression, where
longer duration on ART is expected to be associated with
viral suppression.?

Treatment characteristics such as the choice of antiretroviral
regimen and changes to a more efficacious regimen are vital
for achieving viral suppression.”** Following the WHO
recommendion for use of dolutegravir (DTG) as the preferred
core agent in ART for first and second-line regimen,* studies
have reported improved viral suppression in PLWH which
includes children and adolescents.®

Behavioural characteristics, such as optimal adherence to
medication and retention in care, are strongly correlated
with viral suppression.*® Optimal adherence is defined as
taking at least 95% medications at prescribed times and
frequencies (at least 95%),°¢ while retention in care is a
patient’s regular engagement with medical care at a health
care facility after initial entry into HIV clinical care as set
out with appointments schedules.”” According to Zambian
guidelines, one is deemed out of care (not retained) once
they miss a pharmacy refill for 30 days or more.”

Whereas the risk factors influencing viral suppression
among ALHIV are known and clearly illustrated in the
literature, these factors may differ in various contexts. It is
therefore essential to identify the specific set of factors
associated with viral suppression that are prevalent in
ALHIV in Zambia, as this information is crucial for tailoring
interventions and programmes to improve adherence and
viral suppression as progressive steps to reach the UNAIDS
95-95-95 targets by 2030.

Objectives

The objective of the current study was to determine the
prevalence and factors associated with viral suppression
among ALHIV (10-19 years) on ART from January 2023 to
December 2023 in Lusaka District, Zambia.

Research methods and design
Study design

We conducted a retrospective study of routinely collected
data from ALHIV on ART from January 2023 to December
2023 to determine the prevalence and factors associated
with viral suppression in the Lusaka District. Routine socio-
demographic, clinical, treatment, and behavioural data were
collected for adolescents aged 10 years to 19 years who were
enrolled in public health facilities providing ART in
Lusaka District. Behavioural data included measures of
optimal adherence (assessed through pharmacy refill data)
and retention in care (assessed through missed appointment
tracking).
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Study context

Lusaka District is located in the southern part of Zambia’s
Central Province and serves as the capital city of the
country. Health services in the district are provided at
different levels of care. The levels of care in the public
sector range from health posts (lowest level) to specialised
hospitals which are designated third-level hospitals
(highest level). The master facility list shows that Lusaka
District has 36 health posts, 31 health centres, five level
one hospitals and eight level three (specialised) hospitals.
Health posts and health centres mainly provide primary
healthcare services which include HIV services. First level
hospitals act as referral facilities for health posts and
health centres and also provide HIV services. Third level
hospitals are specialised facilities which mainly handle
complicated cases referred to from lower levels of care.

Study population and sampling

The study population consisted of all adolescents aged 10-19
years receiving ART and accessing ART services in Lusaka
District in 2023.

Data collection

Routine data were extracted from an electronic health
record (EHR) called SmartCare. SmartCare is a commonly
used EHR in public health facilities across Zambia. Its
implementation varies by facility: some operate on an
electronic last or e-last model, where data entry is completed
retrospectively by designated data entry personnel, while
others use an ‘electronic first’ (e-first) approach, where
healthcare providers at all service points within the facility
input patient data in real time.

Study data were extracted in August 2024 and consisted of
anonymised data identified by unique patient identifiers.
Data included demographic, clinical, treatment, and
behavioural data collected during routine clinical visits
for patient management and monitoring of all patients
receiving ART. All ART data are captured using SmartCare
and therefore any missing data were unable to be retrieved.
Viral load was the primary outcome variable: VL < 50
RNA copies/mL was categorised as ‘fully suppressed’;
VL > 50 copies/mL — 999 copies/mL was categorised as
suppressed; and VL > 1000 copies/mL was categorised as
‘unsuppressed’ according to national clinical ART guidelines.”
In this study, ‘viral suppression” applies to all participants
who had a VL of < 1000 copies/mL most recently recorded in
SmartCare.

Socio-demographic variables included gender, current age,
and age at ART initiation. Clinical characteristics included
baseline WHO clinical stage, CD4 count (baseline and
current), pregnancy, lactation, and history of active
tuberculosis (TB). Treatment characteristics included
current ART regimen, current ARV regimen class, change
in ART regimen, and use of TB preventive therapy.
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Behavioural characteristics included retention in care and
optimal adherence to ART. In the current study, retention in
care was defined as currently being active on ART, and
optimal adherence to ART is defined as missing a medication
refill appointment by no more than 2 days.

Data analysis

The extracted data were entered into an Excel spreadsheet,
cleaned, and then imported into the IBM Statistical
Package for the Social Sciences (SPSS) for Mac, Version
29.0.2.0 (IBM Corp., Armonk, New York). For inferential
analysis, variables with missing values were treated using
complete-case analysis, with cases with missing data
excluded from the analysis. For categorical variables,
descriptive frequency tables were created to describe the
socio-demographic, clinical, behavioural, and treatment
characteristics of the study population. Bivariate analysis
was used to determine the significance and strength of
associations between the independent variables and the
outcome variable (VL < 1000 copies/mL). Chi-square tests
and crude odds ratios were used to examine and quantify
associations, with significance set at P < 0.05. Variables
that showed significant associations with viral suppression
during bivariate analysis, at a significance level of 5%,
were included in the multivariate analysis to identify
factors independently associated with viral suppression,
and presented as adjusted odds ratio (AOR) with 95%
confidence intervals (95% CI).

Ethical considerations

Ethical clearance was obtained from the University of the
Western Cape Biomedical Research Ethics Committee
(reference number: BM24/3/4), and the Mulungushi
University School of Medicine Ethics Committee
(reference number: SMHS-MU2-2024-04) and the Zambia
National Health Research Authority (reference number:
NHRA1186/15/05/2024). Approval for the study and
access to the data were obtained from the Zambia
Ministry of Health (reference number: MH/101/22/3).
During data extraction, the adolescents’ unique identities,
such as ART number, identity number, first and last
name, were excluded to ensure complete anonymity and
protection of personal information.

Results
Realisation of sample

Records of 128991 PLWH attending ART services in health
facilities in Lusaka District from January 2023 to December
2023 were obtained from the EHR. Figure 1 shows that of
128991 records, 125013 were records of PLWH aged
less than 10 years and more than 19 years who were in
care in 2023, while 3978 records were of adolescents
aged 10 years to 19 years during 2023. 569 records of the
3978 adolescents had missing VL results in the EHR (see
Figure 2).
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128991 records of patients on
ART extracted from the EHR
(Jan. 2023 — Dec. 2023)

125013 records of patients aged
» less than 10 years or more than
« 19 years on ART

3978 patient records
extracted from the EHR

» 569 records missing VL results

¥

3409 patient records
entered into analysis

ART, antiretroviral therapy; EHR, electronic health record; VL, viral load.

FIGURE 1: Flow chart of participants selected in the study.

Socio-demographic, clinical, treatment and
behavioural characteristics

Table 1 shows the socio-demographic, clinical, treatment and
behavioural characteristics of ALHIV enrolled in the ART
programme in public health facilities in Lusaka District,
Zambia.

This study involved 3409 adolescents (aged 10 years to 19
years) with a mean age of 14.97 years (standard deviation
[s.d.] = 1.15); of these, 53% (1820) were female. The mean age
at ART initiation was 7.51 years (s.d. = 1.15). The majority of
participants (2935, 98.7%) were at WHO clinical stage 1. Most
participants (1897, 78% and 1897, 88.6%) had both baseline
and recent CD4 counts > 350 cells/mm?. The vast majority of
participants (3241, 95.1%) received first-line therapy, and
were on a DTG-based regimen (3351, 98%). Majority of
participants (3132, 91.9%) remained in care, while 9.1% (277)
experienced an interruption in treatment (IIT), transferred
out or died during the study period. Most participants (2837,
96.5%) demonstrated optimal adherence to their ART, as
defined by not missing a pharmacy refill by more than
2 days.

Determinants of viral suppression

The overall viral suppression was 91.8% (< 1000 copies/mL)
while fully suppressed was 66% (< 50 copies/mL). Table 2
shows that in bivariate analysis, the odds of viral suppression
were significantly higher (94% vs 90%; P < 0.01) in individuals
aged 10 years to 14 years than those aged 15 to 19 years
(crude OR = 1.79, 95% CI = 1.32 — 2.42). After adjusting for
other variables, the significant association between viral
suppression and age remained (adjusted OR [AOR] = 1.79,
95% CI = 1.32 - 2.43) (see Table 2). No statistically significant
associations were found between viral suppression and
gender (P = 0.539), and age at initiation of ART (P = 0.2) (see
Table 1).

There were statistically significant associations between
viral suppression and pregnancy (P = 0.010), baseline CD4
count (P = 0.011) and latest CD4 count (P < 0.01). However,
CD4 counts were only recorded for 42% and 54% of
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3978

Number of adolescent
participants

Viral load and suppression rate

FIGURE 2: Distribution of viral load records and suppression status.

participants at baseline and current (observation year),
respectively, while pregnancy and breastfeeding were
documented for only 3% and 53% of all female participants
and were therefore excluded from the multivariate analysis.
No statistically significant associations were identified
between viral suppression and clinical factors such as
history of active TB (P = 0.145), current WHO stage (P =
0.486), and breastfeeding (P = 0.559) (see Table 1).

Statistically significant associations between viral suppression
and treatment factors, including current ART regimen
(P <0.01), current ARV regimen class (P < 0.01) and change in
ART regimen (P < 0.01) were observed. In the multivariate
logistic regression, the relationship between viral suppression
and current ART regimen was statistically significant
(AOR = 6.14, 95% CI = 3.86 — 9.48), while the relationship
between viral suppression and current ART regimen class
did not retain statistical significance. In multivariate logistic
regression, the relationship between viral suppression
and change in ART regimen retained statistical significance
(AOR =0.62,95% CI = 0.46 - 0.83).

The relationship between viral suppression and behavioural
characteristics optimal adherence (AOR = 1.82, 95% CI =
097 - 3.41) and retention in care (AOR = 1.25, 95%
CI = 0.93 - 1.69) did not retain statistical significance after
adjusting for potential confounders.

Discussion

Lusaka District made significant progress towards achieving
the previous goal of 90-90-90 set by UNAIDS, reaching a
91.8% viral suppression rate for ALHIV, based on a threshold
of < 1000 copies/mL. Similar findings were reported from
Tanzania® and South Africa®® with 89.9% and 88%,
respectively. These consistent results across diverse settings
underscore the effectiveness of targeted ART programmes
for adolescents as propagated by UNAIDS.# However, to
further reduce transmission among this age group, adopting
the more rigorous viral suppression threshold of < 50 copies/
mL, referred to as ‘fully suppressed’” and recommended by
the WHO, would be a critical consideration.
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TABLE 1: Determinants of viral suppression (< 1000 copies/mL) among adolescents on antiretroviral therapy in the Lusaka District, 2023 (N = 3409).

Characteristics Total Viral suppression P
Yes No

n % n % n %
Total 3409 - 3132 91.8 277 9.2 -
Age (years) - - - - - - <0.010*
10-14 1384 40.6 1303 94.1 81 5.9 -
15-19 2025 59.4 1829 90.3 196 9.7 -
Gender - - - - - - 0.539
Male 1589 46.6 1455 91.6 134 8.4 -
Female 1820 534 1677 92.1 143 7.9 -
Age at ART initiation (years) - - - - - - 0.200
0-4 1061 311 984 924 77 7.3 -
5-9 1178 34.6 1084 92.0 94 8 -
10-14 933 27.3 854 91.5 79 8.5 -
15-19 237 7.0 210 88.6 27 11.4 -
Duration on ART (months) - - - - - - 0.534
6-12 8 0.2 7 87.5 1 12.5 -
13-24 112 33 100 89.3 12 10.7 -
>24 3289 96.5 3025 92.0 264 8.0 =
Current ART regimen - - - - - - <0.010*
First-line 3241 95.1 3027 934 214 6.6 -
Second-line 146 4.3 91 62.3 55 37.7 -
Unclassified (Incomplete regimen) 22 0.6 14 63.6 8 36.4 -
Current ARV regimen class - - - - - - <0.010*
NNRTI 6 0.2 4 66.7 2 333 =
DTG-based 3351 98.3 3102 92.6 249 7.4 -
Pl-based 30 1.0 12 40.0 18 60.0 -
Unclassified (Incomplete regimen) 22 0.5 14 63.6 8 36.4 -
Change in ART regimen - - - - - - <0.010*
Yes 1030 30.2 912 88.5 118 11.5 -
No 2379 69.8 2220 933 159 6.7 -
Pregnantt (N = 1820) - - - - - - 0.010%
Yes 17 1.0 13 76.5 4 235 -
No 30 1.6 25 83.3 5 16.7 -
Unknown 1773 97.4 1639 924 134 7.6 -
Breastfeeding (/V = 1820) - - - - - - 0.559
Yes 4 0.2 4 100.0 0 0.0 -
No 1816 99.8 1673 92.1 143 7.9 -
Baseline CD4 count (cells/mm?)t - - - - - - 0.011*
(N =1671)
<200 150 9.0 129 86.0 21 14.0 -
200-349 217 13.0 197 90.8 20 9.2 -
2350 1304 78.0 1211 92.9 93 7.1 =
Latest CD4 count (cells/mm?)+ - - - - - - <0.010%
(N =2139)
<200 74 3.4 60 81.1 14 18.9 -
200-349 168 7.9 147 87.5 21 12.5 -
>350 1897 88.7 1758 92.7 139 7.3 -
Current WHO stage (N = 2971) - - - - - - 0.486
Stage | 2935 98.7 2701 92.0 234 8.0 -
Stage Il 21 1.0 18 85.7 3 14.3 -
Stage IlI 14 0.3 14 100.0 0 0.0 -
Stage IV 1 0.0 1 100.0 0 0.0 -
Received TB prophylaxis - - - - - - 0.053
Yes 2747 80.6 2536 92.3 211 7.7 -
No 662 19.4 596 90.0 66 10.0 -
History of active TB - - - - - - 0.536
Yes 159 4.7 144 90.6 15 9.4 -
No 3250 95.3 2988 91.9 262 8.1 -
Retention in care - - - - - - 0.019*
Yes (In care) 3132 91.9 1112 93.4 2020 91.1 -
No (lIT, TO, died) 277 9.1 79 6.6 198 8.9 -
Optimal adherence (N = 2940) - - - - - - 0.044*
Yes 2837 96.5 2609 92.0 228 8.0 -
No 103 3.5 89 86.4 14 13.6 -

ART, antiretroviral therapy; ARV, antiretroviral drugs; CD4, cluster of differentiation 4; DTG, dolutegravir; IIT, Interruption in treatment; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI,
protease inhibitor; TB, tuberculosis; TO, transfer out.

T, Variables not included in the regression model due to very small sample sizes.
*, Statistically significant at p < 0.05
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TABLE 2: Determinants of viral suppression of among adolescents (10-19 years)
on antiretroviral therapy in Lusaka District, 2023.
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Characteristics Total Crude OR  95% Cl  Adjusted OR  95% CI

Age (years)

10-14 1384 Ref - Ref -
15-19 2025 1.74 1.32-2.26* 1.69 1.25-2.29*
Current ART regimen

First-line 3241 Ref - Ref

Second-line 146 8.55  5.9-12.28%* 6.14 3.86-9.48*
Current ARV regimen class

NNRTI 6 Ref - Ref -
DTG-based 3351 0.16  0.29-0.88* 0.39 0.56-2.74
Pl-based 30 - - 1.27 0.16-10.10
Optimal adherence

Yes 2837 Ref - Ref

No 103 1.80 1.01-3.21* 1.82 0.97-3.41
Retention in care

Yes 3132 Ref Ref -

No 277 1.38 1.05-1.81 1.25 0.93-1.69

ARV, antiretroviral drugs; Cl, confidence interval; OR, odds ratio; DTG, dolutegravir; NNRTI,
non-nucleoside reverse transcriptase inhibitor; Pl, protease inhibitor.

*, Statistically significant at p < 0.05

Of concern in Lusaka is that 15% of adolescents on ART in our
study did not have VL results recorded, potentially
underestimating or overestimating the true viral suppression
levels within the population. This missing VL data may
stem from delays in sample transport, missed data entries,
or challenges with patient follow-up and adherence to
monitoring schedules. Such issues have significant health
system implications, including delayed interventions,
undermined data-driven decision-making, weakened
public health surveillance, misallocation of resources, and
fragmented care.

Additionally, our study revealed that older adolescents aged
15-19 years were at greater risk of viral non-suppression
compared to those aged 10-14 years, a finding consistent
with other studies that link this disparity to challenges in
transitioning from paediatric to adult care, which can disrupt
continuity of care, reduce adult or caregiver support, and
exacerbate adherence issues. Furthermore, adolescence is a
period of significant physical, emotional, and social changes
that cannegatively impact treatment adherence, compounded
by treatment fatigue among older adolescents who have been
on therapy since early childhood, making it increasingly
difficult to sustain adherence over time.*#? Similar findings
were reported in South African studies in the Cape Town
Metro in the Western Cape Province and Ehlanzeni District
in Mpumalanga.***

The majority of adolescents currently receiving ART in this
study were on first-line treatment (DTG-based) and were
more than five times more likely to have viral suppression
than those receiving second-line treatment. The high viral
suppression rate observed in the current study may be
related to the successful introduction of a DTG-based
regimen as part of the first-line regimen for all PLWH. This
finding is supported by several other studies that reported
that the DTG-based regimen is more effective in suppressing
VL than the non-DTG-based regimen.*454
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Our study found that an optimal adherence rate (of > 95%) was
significantly associated with viral suppression. Adherence may
have been higher because pharmacy refills based on the EMR
were used to assess adherence. However, research suggests that
in resource-limited settings, pharmacy refill records correlate
well with HIV outcomes and provide a more accurate measure of
adherence than patient self-report and clinic-based pill counts.”

Limitations

This study is a retrospective cohort analysis based on patient
data routinely collected during clinic visits and interactions.
As a result, the accuracy and completeness of the data
available for extraction depended largely on the robustness
of data collection and the thoroughness with which
health workers and data entry clerks recorded individual
client information. Certain variables, such as CD4 count,
pregnancy status, and breastfeeding, had high levels of
missing data, resulting in insufficient entries to reliably
include them as covariates in the analyses. This
incompleteness impacted the study’s ability to fully assess
the influence of these variables on patient outcomes.

Despite possible limitations, such as missing or incomplete
data, routinely collected and tracked data provide a real-
time view of service delivery and patient outcomes,
supporting timely decision-making and improvements in
care. This approach is cost-effective, reduces the need for
additional data collection and reflects the everyday reality
of healthcare. It enables trend assessment, progress tracking,
and identification of emerging issues. Finally, both
operational strengths and weaknesses are highlighted while
assessing the impact of interventions and system gaps.*

Conclusion

Viral suppression among adolescents on ART was relatively
high in this study in comparison to some regions, but it was
still below the new target of 95% set by the UNAIDS. The
reported low retention in care rates found in our study
warrant further investigation and possible intervention.
Older adolescents (15-19 years), those on second-line regimens,
and non-adherent adolescents were found to be at higher
risk of viral non-suppression. The results highlighted the
need for targeted interventions focused on adolescent-
friendly services which may include age-appropriate health
services, psychosocial support which includes mental
health services and disclosure and intentional transition
processes from paediatric to adult care.

Acknowledgements

This article is partially based on the author’s thesis
entitled ‘Leave no one behind: Optimising service
delivery and treatment outcomes for adolescents
accessing antiretroviral therapy in Lusaka, Zambia,
towards the degree of PhD in Public Health in the
Department of Public Health, University of the Western



http://www.sajhivmed.org.za

Cape, South Africa, with supervisors Prof. Brian van Wyk
and Prof. Talitha Crowley. The thesis was not yet
submitted at the time of publication.

Competing interests

The authors declare that they have no financial or personal
relationships that could have inappropriately influenced
them in writing this article.

Authors’ contributions

KM., BwW. and T.C. contributed to the design and
implementation of the research; K.M. conducted the
statistical analysis under supervision of B.v.W. and T.C.
and wrote the first draft. K.M., B.v.W. and T.C. contributed
to subsequent drafts and approved the final article.

Funding information

This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

Data availability

The data that support the findings of this study are available
from the corresponding author, K.M., upon reasonable
request.

Disclaimer

The views and opinions expressed in this article are those
of the authors and are the product of professional research.
The article does not necessarily reflect the official policy or
position of any affiliated institution, funder, agency, or
that of the publisher. The authors are responsible for this
article’s results, findings, and content.

References

1. UNICEF. Adolescent HIV prevention [homepage on the Internet]. 2024
[cited 2024 Jul 05]. Available from: https://data.unicef.org/topic/hivaids/
adolescents-young-people/

2. UNICEF. Increased screening for adolescents at high risk of antiretroviral
non-adherence [homepage on the Internet]. Accel Hub; 2017 [cited 2024 Aug 15].
Available from: https://www.unicef.org/esa/media/10691/file/AH-HEADSS-UNIC
EF-Policy-Brief-2022.pdf

3. UNAIDS. Understanding fast-track: Accelerating action to end the AIDS epidemic
by 2030 [homepage on the Internet]. 2016 [cited 2024 Aug 02]. Available from:
https://www.unaids.org/sites/default/files/media_asset/201506_JC2743_
Understanding_FastTrack_en.pdf

4. Zurbachew Y, Hiko D, Bacha G, Merga H. Adolescent’s and youth’s adherence to
antiretroviral therapy for better treatment outcome and its determinants: Multi-
center study in public health facilities. AIDS Res Ther. 2023;20(1):4-9. https://doi.
0rg/10.1186/s12981-023-00588-y

5. WHO. Consolidated guidelines on the use of antiretroviral drugs for treating and
preventing HIV Infection [homepage on the Internet]. 2016 [cited 2024 Aug 24].
Available from: https://www.who.int/publications/i/item/9789241549684

6. WHO. The role of HIV viral suppression in improving individual health and reducing
transmission: Policy brief [homepage on the Internet]. Geneva; 2023 [cited 2024
Aug 10]. Available from: https://www.who.int/publications/i/item/9789240055179

7. MOH. Zambia consolidated guidelines for treatment and prevention of HIV
infection [homepage on the Internet]. 2022 [cited 2024 Sep 01]. Available from:
https://www.differentiatedservicedelivery.org/wp-content/uploads/August-
2022-Zambia-Consolidated-Guidelines.pdf

8. MOH/National AIDS & STI Control Program. Kenya HIV prevention and
treatment guidelines [homepage on the Internet]. 2022 [cited 2024 Sep 01].
Available from: https://www.differentiatedservicedelivery.org/wp-content/
uploads/Kenya-ARV-Guidelines-2022-Final-1.pdf

Page 7 of 8 . Original Research

10.

11.

12.

13.
14.
15.
16.
17.

18.
19.
20.

21.
22.
23.
24,
25.

26.

27.
28.
29.
30.

31.

http://www.sajhivmed.org.za . Open Access

Cairns G. The amber light: The World Health Organization’s position when an HIV
viral load is ‘suppressed but not undetectable’ | aidsmap [homepage on the
Internet]. aidsmap; 2023 [cited 2025 Jan 21]. Available from: https://www.
aidsmap.com/news/jul-2023/amber-light-world-health-organizations-position-
when-hiv-viral-load-suppressed-not

Ferrand RA, Briggs D, Ferguson J, et al. Viral suppression in adolescents on
antiretroviral treatment: Review of the literature and critical appraisal of
methodological challenges. Trop Med Int Health. 2016;21(3):325-333. https://
doi.org/10.1111/tmi.12656

Steinberg L. A social neuroscience perspective on adolescent risk-taking. Dev Rev.
2008;28(1):78. https://doi.org/10.1016/j.dr.2007.08.002

Spear LP. The adolescent brain and age-related behavioral manifestations.
Neurosci Biobehav Rev. 2000;24(4):417-463. https://doi.org/10.1016/S0149-
7634(00)00014-2

Lowenthal ED, Bakeera-Kitaka S, Marukutira T, Chapman J, Goldrath K, Ferrand RA.
Perinatally acquired HIV infection in adolescents from sub-Saharan Africa: A
review of emerging challenges. Lancet Infect Dis. 2014;14(7):627-639. https://
doi.org/10.1016/S1473-3099(13)70363-3

Okonji EF, Van Wyk B, Mukumbang FC, Hughes GD. Determinants of viral
suppression among adolescents on antiretroviral treatment in Ehlanzeni district,
South Africa: A cross-sectional analysis. AIDS Res Ther. 2021;18(1):1-9. https://
doi.org/10.1186/s12981-021-00391-7

Ntombela NP, Kharsany ABM, Soogun A, et al. Viral suppression among pregnant
adolescents and women living with HIV in rural KwaZulu-Natal, South Africa: A
cross sectional study to assess progress towards UNAIDS indicators and
Implications for HIV Epidemic Control. Reprod Health. 2022;19(1):1-13. https://
doi.org/10.1186/s12978-022-01419-5

Wyk B Van, Kriel E, Mukumbang F. Retention in care for adolescents who were
newly initiated on antiretroviral therapy in the Cape Metropole in South Africa.
South AfrJ HIV Med. 2020;21(1):1-8.

Mwangi A, Van Wyk B. Factors associated with viral suppression among
adolescents on antiretroviral therapy in Homa Bay County, Kenya: A retrospective
cross-sectional study. HIV AIDS (Auckl). 2021;13:1111-1118. https://doi.
org/10.2147/HIV.S345731

Mabizela S, Van Wyk B. Viral suppression among adolescents on HIV treatment in
the Sedibeng District, Gauteng province. Curationis. 2022;45(1):8. https://doi.
org/10.4102/curationis.v45i1.2312

Elashi BAY, Van Wyk BE. Factors associated with viral suppression among
adolescents on antiretroviral therapy in Free State province, South Africa. South
AfrJ HIV Med. 2022;23(1):5-9. https://doi.org/10.4102/sajhivmed.v23i1.1356

Maena J, Banke-Thomas A, Mukiza N, et al. Determinants of viral load non-
suppression among adolescents in Mbale District, Eastern Rural Uganda. AIDS Res
Ther. 2021;18(1):91. https://doi.org/10.1186/s12981-021-00408-1

Bennett KK, DeGruttola VG, Marschner IC, Havlir DV, Richman DD. Baseline
predictors of CD4 T-lymphocyte recovery with combination antiretroviral therapy.
J Acquir Immune Defic Syndr. 2002;31(1):20-26. https://doi.org/10.1097/
00126334-200209010-00003

Bonnet F, Thiébaut R, Chéne G, et al. Determinants of clinical progression in
antiretroviral-naive HIV-infected patients starting highly active antiretroviral
therapy. Aquitaine Cohort, France, 1996-2002. HIV Med. 2005;6(3):198-205
https://doi.org/10.1111/j.1468-1293.2005.00290.x

Desta AA, Woldearegay TW, Futwi N, et al. HIV virological non-suppression and
factors associated with non-suppression among adolescents and adults on
antiretroviral therapy in northern Ethiopia: A retrospective study. BMC Infect Dis.
2020;20(1):1-10. https://doi.org/10.1186/512879-019-4732-6

Grabar S, Moing V Le, Goujard C, et al. Response to highly active antiretroviral
therapy at 6 months and long-term disease progression in HIV-1 infection. J
Acquir Immune Defic Syndr. 2005;39(3):284-292. https://doi.org/10.1097/01.
ai.0000160925.33935.72

Bayu B, Tariku A, Bulti AB, Habitu YA, Derso T, Teshome DF. Determinants of
virological failure among patients on highly active antiretroviral therapy in
University of Gondar Referral Hospital, Northwest Ethiopia: A case-control study.
HIV AIDS (Auckl). 2017;9:153-159. https://doi.org/10.2147/HIV.5139516

Rangarajan S, Colby DJ, Giang LT, et al. Factors associated with HIV viral load
suppression on antiretroviral therapy in Vietnam. J Virus Erad. 2016;2(2):94-101.
https://doi.org/10.1016/52055-6640(20)30466-0

Muri L, Gamell A, Ntamatungiro AJ, et al. Development of HIV drug resistance
and therapeutic failure in children and adolescents in rural Tanzania: An
emerging public health concern. Aids. 2017;31(1):61-70. https://doi.org/10.1097/
QAD.0000000000001273

Haghighat R, Toska E, Bungane N, Cluver L. The HIV care cascade for adolescents
initiated on antiretroviral therapy in a health district of South Africa: A
retrospective cohort study. BMC Infect Dis. 2021;21(1):1-9. https://doi.
org/10.1186/s12879-020-05742-9

Nabitaka VM, Nawaggi P, Campbell J, et al. High acceptability and viral suppression
of patients on Dolutegravir-based first-line regimens in pilot sites in Uganda: A
mixedmethods prospective cohort study. PLoS One. 2020;15(5):1-13. https://doi.
org/10.1371/journal.pone.0232419

Esber A, Dear N, Shah N, et al. Brief report: Virologic impact of the dolutegravir
transition: Prospective results from the multinational african cohort study. J
Acquir Immune Defic Syndr. 2022;91(3):285-289. https://doi.org/10.1097/
QAI.0000000000003065

Barry O, Powell J, Renner L, et al. Effectiveness of first-line antiretroviral therapy
and correlates of longitudinal changes in CD4 and viral load among HIV-infected
children in Ghana. BMC Infect Dis. 2013;13(1). https://doi.org/10.1186/1471-
2334-13-476



http://www.sajhivmed.org.za
https://data.unicef.org/topic/hivaids/adolescents-young-people/
https://data.unicef.org/topic/hivaids/adolescents-young-people/
https://www.unicef.org/esa/media/10691/file/AH-HEADSS-UNICEF-Policy-Brief-2022.pdf
https://www.unicef.org/esa/media/10691/file/AH-HEADSS-UNICEF-Policy-Brief-2022.pdf
https://www.unaids.org/sites/default/files/media_asset/201506_JC2743_Understanding_FastTrack_en.pdf
https://www.unaids.org/sites/default/files/media_asset/201506_JC2743_Understanding_FastTrack_en.pdf
https://doi.org/10.1186/s12981-023-00588-y
https://doi.org/10.1186/s12981-023-00588-y
https://www.who.int/publications/i/item/9789241549684
https://www.who.int/publications/i/item/9789240055179
https://www.differentiatedservicedelivery.org/wp-content/uploads/August-2022-Zambia-Consolidated-Guidelines.pdf
https://www.differentiatedservicedelivery.org/wp-content/uploads/August-2022-Zambia-Consolidated-Guidelines.pdf
https://www.differentiatedservicedelivery.org/wp-content/uploads/Kenya-ARV-Guidelines-2022-Final-1.pdf
https://www.differentiatedservicedelivery.org/wp-content/uploads/Kenya-ARV-Guidelines-2022-Final-1.pdf
https://www.aidsmap.com/news/jul-2023/amber-light-world-health-organizations-position-when-hiv-viral-load-suppressed-not
https://www.aidsmap.com/news/jul-2023/amber-light-world-health-organizations-position-when-hiv-viral-load-suppressed-not
https://www.aidsmap.com/news/jul-2023/amber-light-world-health-organizations-position-when-hiv-viral-load-suppressed-not
https://doi.org/10.1111/tmi.12656
https://doi.org/10.1111/tmi.12656
https://doi.org/10.1016/j.dr.2007.08.002
https://doi.org/10.1016/S0149-7634(00)00014-2
https://doi.org/10.1016/S0149-7634(00)00014-2
https://doi.org/10.1016/S1473-3099(13)70363-3
https://doi.org/10.1016/S1473-3099(13)70363-3
https://doi.org/10.1186/s12981-021-00391-7
https://doi.org/10.1186/s12981-021-00391-7
https://doi.org/10.1186/s12978-022-01419-5
https://doi.org/10.1186/s12978-022-01419-5
https://doi.org/10.2147/HIV.S345731
https://doi.org/10.2147/HIV.S345731
https://doi.org/10.4102/curationis.v45i1.2312
https://doi.org/10.4102/curationis.v45i1.2312
https://doi.org/10.4102/sajhivmed.v23i1.1356
https://doi.org/10.1186/s12981-021-00408-1
https://doi.org/​10.1097/​00126334-200209010-00003
https://doi.org/​10.1097/​00126334-200209010-00003
https://doi.org/10.1111/j.1468-1293.2005.00290.x
https://doi.org/10.1186/s12879-019-4732-6
https://doi.org/10.1097/01.qai.0000160925.33935.72
https://doi.org/10.1097/01.qai.0000160925.33935.72
https://doi.org/10.2147/HIV.S139516
https://doi.org/10.1016/S2055-6640(20)30466-0
https://doi.org/10.1097/QAD.0000000000001273
https://doi.org/10.1097/QAD.0000000000001273
https://doi.org/10.1186/s12879-020-05742-9
https://doi.org/10.1186/s12879-020-05742-9
https://doi.org/10.1371/journal.pone.0232419
https://doi.org/10.1371/journal.pone.0232419
https://doi.org/10.1097/QAI.0000000000003065
https://doi.org/10.1097/QAI.0000000000003065
https://doi.org/10.1186/1471-2334-13-476
https://doi.org/10.1186/1471-2334-13-476

32.

33.

34.

35.

36.

37.

38.

39.

40.

WHO. Updated recommendations on first-line and second-line antiretroviral
regimens and post-exposure prophylaxis and recommendations on early infant
diagnosis of HIV [homepage on the Internet]. WHO Guidelines; 2018
[cited 2024 Aug 25]. Available from: http://www.who.int/hiv/pub/guidelines/
ARV2018update/en/%0AWeb

Devendra A, Kohler M, Letsika M, et al. HIV viral suppression in children and
adolescents 2 years after transition to dolutegravir: A multicentre cohort study.
AIDS. 2024;38(7):1013-1023. https://doi.org/10.1097/QAD.0000000000003835

Umeokonkwo CD, Onoka CA, Agu PA, Ossai EN, Balogun MS, Ogbonnaya LU. Retention
in care and adherence to HIV and AIDS treatment in Anambra State Nigeria. BMC
Infect Dis. 2019;19(1):1-11. https://doi.org/10.1186/s12879-019-4293-8

Paterson DL, Swindells S, Mohr J, et al. Adherence to protease inhibitor therapy
and outcomes in patients with HIV infection. Ann Intern Med. 2000;133(1):21-30.
https://doi.org/10.7326/0003-4819-133-1-200007040-00004

Sahay S, Srikanth Reddy K, Dhayarkar S. Optimizing adherence to antiretroviral
therapy. Indian J Med Res. 2011;134(6):835-849. https://doi.org/10.4103/0971-
5916.92629

Roscoe C, Hachey D. Retention in HIV care [homepage on the Internet].
Core Competencies for the National HIV Curriculum; 2022 [cited 2024
Aug 30]; p. 1-38. Available from: https://www.hiv.uw.edu/go/basic-primary-care/
retention-care/core-concept/all

Mushy SE, Mtisi E, Mkawe S, et al. Barriers to viral load suppression among
adolescents living with HIV on anti-retroviral therapy: A retrospective study in
Tanga, Tanzania. AIDS Res Ther. 2024;21(1):1-8. https://doi.org/10.1186/s12981-
024-00622-7

Munyayi FK, Van Wyk B. Closing the HIV treatment gap for adolescents in
Windhoek, Namibia: A retrospective analysis of predictors of viral non-
suppression. Int J Environ Res Public Health. 2022;19(22):14710. https://doi.
org/10.3390/ijerph192214710

UNAIDS. Ending the AIDS epidemic for adolescents, with adolescents
[homepage on the Internet]. 2016 [cited 2024 Sep 08]. Available from: https://
www.unaids.org/sites/default/files/media_asset/ending-AIDS-epidemic-
adolescents_en.pdf

Page 8 of 8 . Original Research
41.

42.

43.

44,
45.
46.

47.

48.

Nyawira G, Samuel W, Maricianah O, Elizabeth AB, Kenneth N. Determinants of
antiretroviral therapy adherence among older adolescents living with HIV in
Kenya during the transition to adult care: An observational study. J AIDS HIV Res.
2020;12(2):24-33. https://doi.org/10.5897/JAHR2020.0513

Van Wyk BE, Davids LAC. Challenges to HIV treatment adherence amongst
adolescents in a low socio-economic setting in Cape Town. South Afr J HIV Med.
2019;20(1):1002. https://doi.org/10.4102/sajhivmed.v20i1.1002

Van Wyk BE, Kriel E, Mukumbang FC. Two-year viral load suppression among
adolescents receiving antiretroviral therapy in the Cape Metropole, South Africa, 2013
— 2015: A retrospective cohort analysis. S Afr Med J. 2020;110(12):
1213-1217. https://doi.org/10.7196/SAMJ.2020.v110i12.14509

Orrell C, Hagins DP, Belonosova E, et al. Fixed-dose combination dolutegravir, abacavir,
and lamivudine versus ritonavir-boosted atazanavir plus tenofovir disoproxil fumarate
and emtricitabine in previously untreated women with HIV-1 infection (ARIA): Week
48 results from a randomised, open-label, non-inferiority, phase 3b study. Lancet HIV.
2017;4(12):e536—e546. https://doi.org/10.1093/ofid/ofw194.89

Van Lunzen J, Maggiolo F, Arribas JR, et al. Once daily dolutegravir (S/
GSK1349572) in combination therapy in antiretroviral-naive adults with HIV:
Planned interim 48 week results from SPRING-1, a dose-ranging, randomised,
phase 2b trial. Lancet Infect Dis. 2012;12(2):111-118. https://doi.org/10.1016/
$1473-3099(11)70290-0

Calmy A, Tovar Sanchez T, Kouanfack C, et al. Dolutegravir-based and low-dose
efavirenz-based regimen for the initial treatment of HIV-1 infection (NAMSAL):
Week 96 results from a two-group, multicentre, randomised, open label, phase 3
non-inferiority trial in Cameroon. Lancet HIV. 2020;7(10):e677-e687. https://doi.
org/10.1016/S2352-3018(20)30238-1

Sangeda RZ, Mosha F, Prosperi M, et al. Pharmacy refill adherence outperforms
self-reported methods in predicting HIV therapy outcome in resource-limited
settings. BMC Public Health. 2014;14(1):1035. https://doi.org/10.1186/1471-
2458-14-1035

Powell AE, Davies HTO, Thomson RG. Using routine comparative data to assess the
quality of health care: Understanding and avoiding common pitfalls. Qual Saf
Health Care. 2003;12(2):122-128. https://doi.org/10.1136/qhc.12.2.122

http://www.sajhivmed.org.za . Open Access



http://www.sajhivmed.org.za
http://www.who.int/hiv/pub/guidelines/ARV2018update/en/%0AWeb
http://www.who.int/hiv/pub/guidelines/ARV2018update/en/%0AWeb
https://doi.org/10.1097/QAD.0000000000003835
https://doi.org/10.1186/s12879-019-4293-8
https://doi.org/10.7326/0003-4819-133-1-200007040-00004
https://doi.org/10.4103/0971-5916.92629
https://doi.org/10.4103/0971-5916.92629
https://www.hiv.uw.edu/go/basic-primary-care/retention-care/core-concept/all
https://www.hiv.uw.edu/go/basic-primary-care/retention-care/core-concept/all
https://doi.org/10.1186/s12981-024-00622-7
https://doi.org/10.1186/s12981-024-00622-7
https://doi.org/10.3390/ijerph192214710
https://doi.org/10.3390/ijerph192214710
https://www.unaids.org/sites/default/files/media_asset/ending-AIDS-epidemic-adolescents_en.pdf
https://www.unaids.org/sites/default/files/media_asset/ending-AIDS-epidemic-adolescents_en.pdf
https://www.unaids.org/sites/default/files/media_asset/ending-AIDS-epidemic-adolescents_en.pdf
https://doi.org/10.5897/JAHR2020.0513
https://doi.org/10.4102/sajhivmed.v20i1.1002
https://doi.org/10.7196/SAMJ.2020.v110i12.14509
https://doi.org/10.1093/ofid/ofw194.89
https://doi.org/10.1016/S1473-3099(11)70290-0
https://doi.org/10.1016/S1473-3099(11)70290-0
https://doi.org/10.1016/S2352-3018(20)30238-1
https://doi.org/10.1016/S2352-3018(20)30238-1
https://doi.org/10.1186/1471-2458-14-1035
https://doi.org/10.1186/1471-2458-14-1035
https://doi.org/10.1136/qhc.12.2.122

	Tracking viral control in adolescents on antiretroviral therapy in Lusaka, Zambia: A retrospective cohort analysis 
	Introduction
	Objectives

	Research methods and design
	Study design
	Study context 
	Study population and sampling
	Data collection
	Data analysis 
	Ethical considerations

	Results
	Realisation of sample
	Socio-demographic, clinical, treatment and behavioural characteristics
	Determinants of viral suppression

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	Competing interests
	Authors’ contributions
	Funding information
	Data availability
	Disclaimer

	References
	Figures
	FIGURE 1: Flow chart of participants selected in the study.
	FIGURE 2: Distribution of viral load records and suppression status. 

	Tables
	TABLE 1: Determinants of viral suppression (< 1000 copies/mL) among adolescents on antiretroviral therapy in the Lusaka District, 2023 (N = 3409).
	TABLE 2: Determinants of viral suppression of among adolescents (10–19 years) on antiretroviral therapy in Lusaka District, 2023.



