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Abstract

After the transition to pediatric dolutegravir-based regimens, viral load (VL) sup-
pression among children with HIV (CWH) in Malawi has remained suboptimal. This
mixed-methods study assessed factors associated with high VL among young CWH
on dolutegravir-based antiretroviral therapy (ART) and explored adherence barriers
from primary-caregiver and healthcare worker perspectives. Between April-July 2023,
we performed an unmatched case-control study at 49 Malawian health facilities. We
included CWH aged <9 years, on dolutegravir-based ART, with a routine VL test-
result that was high (21,000 copies/mL) for cases, or suppressed (<200 copies/mL)
for controls. Using mixed-effect modified Poisson regression, we determined factors
associated with high VL, adjusting for sex, site and district. To assess adherence
barriers, we conducted in-depth interviews (IDIs) with randomly selected caregivers
of CWH with high VL and with healthcare workers providing pediatric HIV care. Data
were analyzed using a hybrid thematic approach that combined deductive and induc-
tive coding strategies. We enrolled 538 CWH: 222 cases, with high VL and 316 con-
trols, with suppressed VL. Duration on ART >4 years (aRR=0.86, 95% CI: 0.77-0.95)
and 22 interruption in treatment episodes (228 days late for clinic appointment) in the
12 months before VL sample collection (aRR=1.47, 95% ClI: 1.28-1.68) were signifi-
cantly associated with high VL. Through 54 IDIs (30-caregivers, 24-healthcare work-
ers), five key adherence challenges were identified and affected the children <5 years
the most: resistance to daily medication, difficulties taking multiple pills, food insecu-
rity, fear of unintentional disclosure, and inability to attend clinic appointments consis-
tently. This study highlights that behavioral, socio-economic and psychosocial factors
influences ART adherence among CWH. Duration on ART and recent interruptions in
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Hope's supported sites. Our study protocol,
approved by Malawi's National Health Sciences
Research Committee (NHSRC), includes
specific provisions for protecting participant
privacy and confidentiality. According to these
provisions, participant information cannot be
released without written permission from the
researchers, except as required for review,
monitoring, or auditing purposes. Additionally,
we did not seek consent from participants

to share information from interviews with
researchers outside of the study team. This eth-
ical constraint further limits our ability to make
the full dataset publicly available. Researchers
interested in accessing the de-identified
dataset should contact Mr. Mackenzie Chivwara
(mackenzie@pihmalawi.com). Mr. Chivwara will
then initiate communication with the NHSRC to
request permission for data release. Any data
sharing will be subject to NHSRC approval and
will comply with all applicable ethical guidelines
and data protection regulations. This approach
ensures that we maintain the confidentiality of
our study participants while still allowing for
the possibility of data sharing for legitimate
research purposes, subject to appropriate
ethical oversight.
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treatment were associated with high VL, stressing the need for targeted interventions
that will require health-system and client-level approaches to improve VL suppression
among CWH in Malawi and similar settings.

Introduction

The UNAIDS 2025 targets include 95% of people with HIV (PWH) know their
status, 95% of those diagnosed receive treatment, and 95% of those on treatment
achieve viral suppression. However, in eastern and southern Africa, children with
HIV (CWH) aged under 14 years have much higher rates of viremia compared

to adults and are not close to reaching the UNAIDS “third 95” [1]. Achieving and
maintaining viral suppression is crucial for CWH to prevent disease progression,
reduce morbidity and mortality, and improve overall health outcomes. Dolute-
gravir’s high genetic barrier to drug resistance and its good tolerability [2] have
resulted in high rates of viral suppression among adults on dolutegravir-based
ART [3-6]. Consequently, the World Health Organization (WHQO) recommends
using dolutegravir-based ART as a first-line and second-line treatment [7]. The
introduction of pediatric dolutegravir formulations has enhanced ART care for
CWH by improving acceptability and ease of administration of antiretroviral medi-
cations in this age group [8].

Prior to the dolutegravir transition, viral load suppression rates among children
living with HIV in Malawi, Zimbabwe, and Uganda were poor, with only 65-69%
achieving viral suppression between 2016-2018 [9]. Malawi started transitioning
children to dolutegravir-based regimens in 2019. Since then, national HIV program
data indicate that despite some improvement, around 20% of CWH have high viral
load (VL) despite being on dolutegravir-based regimens, with children aged under 4
years having the worst VL suppression outcomes [10]. In CWH on dolutegravir-based
ART, viremia is expected to be related mostly to non-adherence and only occasion-
ally to dolutegravir resistance [11]. However, limited information is available from the
region about factors contributing to high VL in the dolutegravir era. Failure to fully
understand causes of high VL among children on dolutegravir-based regimens risks
continued poor treatment outcomes, drug resistance and increased morbidity and
mortality. Comprehensive investigation of these factors is essential, as understanding
the root causes will enable the development of targeted interventions to improve clin-
ical outcomes, preserve treatment options, and ultimately reduce HIV-related illness
and death in this vulnerable population

We conducted a mixed methods study to assess factors associated with high VL
among CWH on dolutegravir-based ART in Malawi and explored barriers to CWH’s
adherence from the perspective of primary-caregivers (caregivers) and healthcare
workers (HCWs). Our study focused on children aged <9 as the adherence chal-
lenges faced by this demographic are distinct from those of adolescents, who begin
transitioning toward medication self-management and face a different set of barriers
beyond caregiver-dependent administration.
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Methods
Study setting

This study was conducted at 49 health facilities supported by Partners in Hope (PIH), a Malawian non-governmental orga-
nization serving as a PEPFAR/USAID implementing partner for HIV care and treatment until February 2025. The facilities
included 26 government health centers, 12 government district and rural hospitals, and 11 faith-based hospitals, distrib-
uted across nine districts (Nsanje, Chikwawa, Mulanje, Lilongwe, Nkhotakota, Kasungu, Dowa, Karonga and Chitipa),
spanning all three regions of Malawi. PIH supported HIV care and treatment for approximately 2,098 CWH <9 years
across the 49 study sites, including a comprehensive approach to managing high VL results. This encompassed intensive
clinical monitoring, enhanced adherence counseling, psychosocial support for guardians, support for disclosure of the HIV
status, management of comorbidities, linkage to orphan and vulnerable children (OVC) services, and HIV drug resistance
testing, when indicated.

Study design

We employed a mixed method approach to assess factors associated with high VL among CWH aged <9 years. Our study
focused on children <9 years, as viremia is most prominent in this age group and because among teens, factors associ-
ated with high VL and poor adherence may be substantially different, as they start taking ARV medication independently
from caregivers.

The quantitative component utilized an unmatched case-control study design. We defined cases as CWH aged <9
years who had routinely collected high VL test results, (21,000 copies/mL) between January-December 2022. Controls
were CWH aged <9 years whose routinely collected VL test results were suppressed (<200 copies/mL) within the same
time period. We retrospectively collected data on clinical and treatment factors 12-months prior to the VL sample collec-
tion date. We then conducted in-depth interviews with caregivers of enrolled CWH who had high VL and with HCWs who
provide pediatric HIV care at the participating health facilities.

Participant selection

Quantitative analysis. Children were eligible for inclusion if they were 1) receiving HIV care at a participating health
facility for at least one year; 2) aged <9 years; 3) on dolutegravir-based ART, irrespective of duration; and 4) had a
routinely collected VL test result between January-December 2022 that was either high for cases (defined as 21,000
copies/mL) or suppressed for controls (defined as <200 copies/mL). CWH with VL results between 200-999 copies/
mL were excluded because the virologic failure definition in Malawi is based on the 21,000 copies/mL threshold, which
triggers intensive management, whereas the approach to management of 200—-999 copies/mL VL results has varied
over time.

Two-stage sampling was used to select participants. First, all children aged <9 years with high VL results recorded in
standardized VL registers at the selected health facilities were selected for inclusion. Second, a systematic random sam-
pling strategy was employed for children with suppressed VL, selecting every third child aged <9 years with a suppressed
VL result recorded in the same VL registers. The sample size was determined by the number of children with high VL at
the selected health facilities within the study period. Our final sample achieved 80% power at the 95% confidence level to
detect a difference of 10% in adherence to routine clinic visits (a measure of treatment interruption) between cases and
controls [9]. This 10% difference was deemed appropriate given that studies in similar settings have reported adherence
to clinic visit differences ranging from 8% to 12% between children with high and suppressed VL [12—-14].

In-depth interviews. Sample size was determined based on qualitative research principles suggesting thematic
saturation typically occurs within 20-30 interviews in relatively homogeneous populations [15]. We randomly selected 30
children with high VL, stratified by sex (15 males, 15 females). Caregiver and HCW IDIs were conducted at the seven
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health facilities with the largest number of children with high VL results. Research assistants (RAs) contacted primary
caregivers (individuals primarily responsible for the child’s daily care, including medication administration and clinic
attendance) of selected children by telephone and invited them to the health facility to participate in a one-time IDI. When
caregivers declined to participate, or they could not be reached, random selection continued until we had completed the
target sample size (n=30). For HCW IDls, we used purposive sampling to selected 24 HCWs who provided pediatric HIV
care in the past three months or longer. Cadres included clinical staff (clinical officers, medical assistants, and nurses)
and lay cadres who support HIV treatment, counseling, health promotion and community-based care (i.e., HIV Diagnostic
Assistants (HDA), Treatment Supporters (TS), and Psycho-social Counsellors [PSC]). The selection of healthcare staff
was based on having equal representation across different cadres.

Data collection

Quantitative analysis. Between April and June 2023, we collected individual-level data for every clinic visit recorded
in the 12 months preceding the viral load sample collection date. Data were collected using routinely collected electronic
monitoring systems and individual treatment charts. Variables of interest included: demographics, baseline ART clinic
data, clinic appointment details, and ART regimen prior to VL sample collection. Study variables were measured as
follows: demographic characteristics included age at VL sample collection time (calculated from date of birth to date prior
to sample collection time for the last VL), sex, and district of residence. Baseline clinical characteristics comprised age at
ART initiation (calculated from date of birth to ART start date) and duration on ART (calculated from ART start date to viral
load sample collection date). Interruption in treatment (1IT) in the prior 12 months before VL sample collection was defined
as 228 days late for a scheduled visit.

Data were digitized using Survey CTO software (Dobility Inc., Cambridge, Massachusetts, USA) on electronic tablets.

In-depth interviews. Semi-structured interview guides were developed using existing literature about barriers to
ART retention and adherence, specifically for children [9,16], and the social ecological framework to examine factors
associated with viral load across individual, interpersonal, community and facility levels [17]. This multi-level framework
directed the development of the interview guide, which included the following domains: children’s lived experiences; family
dynamics; caregiver relationships; social context that influence decisions to adhere to HIV treatment; and specific barriers
to adherence to ART reported by respondents. Trained RAs conducted all interviews between June 8" and July 13"

2023. Interviews took place in private spaces at the health facilities to ensure confidentiality. Prior to each interview, RAs
obtained written informed consent from participants. All interviews were conducted in the local language (Chichewa) and
were audio recorded, transcribed verbatim and translated to English.

Statistical analysis

Quantitative analysis. The characteristics of children with high versus suppressed VL were compared using
descriptive statistics. Using univariate regression analyses, we explored associations between demographic, baseline
clinical, and clinic visit characteristics with high VL. In regression analysis, we utilized mixed-effect modified Poisson
regression modeling because the outcome was common (>10%) and to account for clustering at the district and site
levels. In multivariable regression, we included all factors that were significant from the univariate regression (p<0.1),
adjusting for sex, site and district. Multicollinearity among the covariates was checked, and all analyses were performed
using Stata 18 (StataCorp LLC, Texas, USA).

In-depth interviews. Transcripts were analyzed in Atlas.ti version 23 software (Atlas.ti Scientific Software Development
GmbH, Germany). We employed a hybrid thematic analysis approach, combining both deductive and inductive coding
strategies. Initial deductive codes were developed based on existing literature on pediatric HIV treatment adherence and
the social ecological framework. This theoretical foundation guided our preliminary coding structure while still allowing for
emergent themes through inductive coding. A codebook was developed and finalized after the first five transcripts were
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coded. Independent coding was completed by three authors (KP, EL and CH). Throughout the analysis, we focused on
dominant overarching themes. Additionally, we employed constant comparison methods to examine how themes manifested
differently between the two age groups (<4 years versus >4-9 years) and between caregivers and HCWs. This comparative
approach allowed us to identify age-specific patterns in treatment adherence barriers and experiences.

Ethical statement

The study was conducted in compliance with ethical guidelines as follows: 1) the overall protocol was approved by the
Malawi National Health Sciences Research Committee (protocol 23/03/4022) and the University of California, Los Ange-
les (IRB number 23-000686); 2) The quantitative phase on medical records, using routine program data, was conducted
under protocol #1099, approved by the National Health Sciences Research Committee of Malawi for program evaluation
activities. For IDls, written informed consent was obtained from participants, who received the equivalent of ten dollars
compensation for their participation.

Results
Quantitative analysis

We included 538 children in the medical charts analysis, predominantly aged 5-9 years at VL sampling (87.7%, n=472)
with a small proportion aged 4 years and younger (12.3%, n=66). The sample contained slightly more females (52.6%,
n=283) than males (47.4%, n=255). More than 99% were on abacavir/lamivudine with dolutegravir, 0.4% on zidovudine/
lamivudine with dolutegravir and 0.4% on tenofovir DF/lamivudine/dolutegravir. The proportion with high VL was 41.3%
(n=222) and 58.3% (n=316) had suppressed VL (Table 1). More children aged <4 years at VL sample collection time
had high VL (53.0%) than those aged 5-9 years (39.6%). High VL was also more common among children who had been
on ART for <4 years (47.0%) than among those on ART for 25 years (38.2%). The median duration of lITs was 42 days
(IQR 32-62 days). lIT in the last 12 months occurred more frequently among children with high VL compared to those
with suppressed VL, and children with high VL were more likely to have two or more |IT episodes compared to those with
suppressed VL (9.0% versus 3.2%). Other variables, such as sex, age at ART initiation, duration on current ART regimen,
district, and ART dispensing interval, did not differ between the two groups.

Factors associated with high viral load

Duration on ART was independently associated with high VL (21,000 copies/mL). Children who had been on ART longer
than 4 years had a lower risk of high VL (aRR 0.86; 95% CI: 0.77-0.95) compared to those who had been on ART for 4
years or less. Children who experienced two or more IIT episodes in the 12 months prior to VL sampling had an increased
risk of high VL (aRR 1.47; 95% CI: 1.28-1.68) compared to those having no lIT episodes. No other variables were inde-
pendently associated with high VL (Table 2).

In-depth interview participants

We interviewed 30 caregivers of children with high VL (Table 3). Most caregivers were biological mothers (90%, n=27),
female (97%, n=29), aged over 35 years (57%, n=17), living with HIV and on ART (93%, n=28), and had been on ART
for more than 5 years (57%, n=16). Most had only completed primary education (67%, n=20) and were engaged in
small business operations or trade (50%, n=15). The CWH for whom they were caregivers, were evenly distributed by
gender (50% female, n=15) with a median age of 5 years (IQR: 5-8 years). The majority of children had initiated ART
during infancy, immediately after diagnosis (70%, n=21). The children’s median duration on ART was 4 years (IQR: 3—6
years). Less than half of caregivers (40%, n=12) reported that the child knew their own HIV status. HCWs (n=24) were
predominantly female (71%, n=17), aged between 18-35 years (50%, n=12), and had attained tertiary-level training
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Table 1. Characteristics of children included in medical chart review (n=538).

Variable Total Cases, Children with high VL Controls, Children with
(21,000 copies/mL) suppressed VL
(<200 copies/mL)
% (N) 100% (538) 41.3% (222) 58.7% (316)
Sex, % (N)

Female 52.6 (283) 48.6 (108) 55.4 (175)
Male 47.4 (255) 55.4 (175) 48.6 (108)
Median age at ART initiation (IQR) 1.6 (1.0-2.6) 1.7 (1.0-2.7) 1.6 (1.0-2.5)

Age at ART initiation, % (N)
<4 years old 88.3 (475) 87.4 (194) 88.9 (281)
>5-9 years old 11.7 (63) 12.6 (28) 11.1(35)
Duration on current DTG in prior 12 months of viral
load, % (N)

0-6 months 12.8 (69) 13.1 (29) 12.7 (40)
>6 months 87.2 (469) 86.9 (193) 87.3 (276)
Median age at time of VL sample collection (IQR) 6.7 (4.9-8.1) 6.6 (4.6-8.3) 6.7 (5.1-8.0)

Age at VL sample collection, % (N)
<4 years old 12.3 (66) 15.8 (35) 9.8 (31)
>5-9 years old 87.7 (472) 84.2 (187) 90.2 (285)
Median years on ART, (IQR) 5.0 (3.5-6.5) 4.7 (3.1-6.6) 5.2 (3.7-6.5)
Years on ART, % (N)
<4 years 34.4 (185) 39.2 (87) 31(98)
>5-9 years 65.6 (353) 60.8 (135) 69 (218)
ART dispensing interval of the visit prior to VL sam-
ple collection, % (N)
1 month 64.1 (345) 67.6 (150) 61.7 (195)
2-3 months 31.4 (169) 28.4 (63) 33.5 (106)
>3-months 4.5 (24) 4.0 (9) 4.8 (15)
IIT in the past 12-months, % (N)
None 374 (69.5) 142 (64.0) 232 (73.4)
One IIT episode 134 (24.9) 60 (27.0) 74 (23.4)
Two or more IIT episodes 30 (5.6) 20 (9.0) 10 (3.2)
Among those with IIT (n=164)
Median IIT days, (IQR) 42.0 (32-62) 42.0 (32-42) 39.5 (32-63)
Median number of IIT episodes, (IQR) 1(1-2) 1(1-2) 1(1-1)
District, % (N)
Lilongwe 21.4 (115) 19.4 (43) 22.8 (72)
Kasungu 5.6 (30) 6.3 (14) 5.1 (16)
Karonga 7.1(38) 7.2 (16) 6.9 (22)
Mulanje 12.3 (66) 12.2 (27) 12.3 (39)
Nsanje 16.2 (87) 18.0 (40) 14.9 (47)
Chikwawa 28.8 (155) 26.6 (59) 30.4 (96)
Nkhotakota 6.3 (34) 7.7(17) 5.4 (17)
Dowa 2.4 (13) 2.7 (6) 2.2(7)

IQR, interquartile range; DTG, dolutegravir; VL, viral load; ART, antiretroviral therapy; IIT, interruption in treatment.

https://doi.org/10.1371/journal.pgph.0004510.t001
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(67%, n=16). The sample included an equal distribution of Clinical Officers/Medical Assistants, HIV Diagnostic Assistants,
Nurses, and Treatment Supporters/Psychosocial Counsellors (25%, n=6 each). Almost all participants (96%, n=23) had
worked in their positions for more than one year. Most HCWs were involved in clinical services (49%, n=18) and coun-
selling services (41%, n=15), while a smaller proportion provided health promotion services (10%, n=4). Some HCWs
provided multiple types of services, as indicated by the total service count exceeding the number of participants.

In-depth interview results

Our findings from the IDIs with caregivers and HCWs caring for CWH showed five key barriers to pediatric ART adherence
that we describe in detail below.

Children resisting daily medication. Children resisting or refusing to take medication was frequently mentioned as
an important barrier to consistent medication adherence by both caregivers (13/30) and HCWs (10/24). As one caregiver
explained:

“Sometimes she would bluntly refuse them [medication]. Saying, “I don’t want them.” Then she would cry. So, | have to
force, and plead with her to take them.” (Caregiver of a 5-year-old child, Chikwawa district).

Several reasons for children’s resistance were mentioned, including medication side effects (e.g., skin rashes, diarrhea,
vomiting, dizziness), bitter taste and unpleasant smell of the pills, defiant behavior, and treatment fatigue.,

“She says whenever she takes them [medications] she experiences some heart problems. She fails to play.” (Caregiver
of a 9-year-old child, Mulanje district).

Difficulties in managing to take multiple pills at once. Several caregivers (11/15) and HCWs (10/24) pointed to the
number and size of pills children are required to take in a single day as an adherence barrier, particularly for children who
were <4 years old. Some caregivers mentioned that they would prefer just one pill (instead of multiple) or injectables to
decrease pill burden for their children. One mother explained:

There are white ones, he takes 2 tablets and a half, then the tiny pink tablets, he takes 2 of them, Bactrim, he takes 2 of
them. And | explained to hospital staff about how he complains about having to take too many sweets [pills] every day...
according to me and my child, the government should take a stand on the injectable drugs because he will only need
those once for a period of time.” (Caregiver of a 5-year-old child, Lilongwe district).

HCWs also highlighted the scope of the issue:

“They [the pills] are numerous...Let’s say a child is taking the drugs from this bottle, abacavir and lamivudine and he is
taking 3, then he is taking 3 of dolutegravir, thus 6, he is taking 2 Bactrim tablets, that is 7 and 8 and then we are also
giving TB prophylaxis, so number 9 or 10. There are 10 tablets for a child to take, it’s a challenge. It’s hard.” (Clinician,
Lilongwe district).

Lack of food. Lack of food was frequently cited by caregivers (17/30) as hindering medication adherence. Caregivers
expressed concerns about increased side effects and the safety of administering potent medication to children without
food. One caregiver explained:

“The challenge is shortage of food and when there is no food it becomes difficult to give medications to a child since
these medications are strong.” (Caregiver, Lilongwe district).
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Table 2. Factors associated with high viral load (n=538).

Variable RR 95% ClI aRR” 95% CI
Sex

Male Ref

Female 0.89 0.80-1.01 - -
Age at ART initiation

0—4 years old Ref

5-9 years old 1.06 0.87-1.30 - -
Duration on DTG regimen

0-6 months Ref

>6 months 0.99 0.86-1.12 - -
Age at VL sample collection

5-9 years old Ref

0—4 years old 1.22 0.89-1.68
Years on ART

<4 years Ref

>4 years 0.86 0.78-0.96* 0.86 0.77-0.95**
Last ART dispensing interval

1 month Ref

2-3 months 0.77 0.53-1.13

>3 months 0.78 0.33-1.83 - -
IIT in the12-months prior to VL sample collection

None Ref Ref

One IIT episode 1.12 0.94-1.35 1.12 0.92-1.37

>2 |IT episodes 1.45 1.28-1.65%** 1.47 1.28-1.68***

AAdjusting for district, site, and sex.
#*p<0.1; #p<0.05; **p<0.01.

RR, Risk ratio; aRR, adjusted risk ratio; Cl, confidence interval; Ref, reference; DTG, dolutegravir; VL, viral load; ART, antiretroviral therapy; IIT, interrup-

tion in treatment.

https://doi.org/10.1371/journal.pgph.0004510.t002

Many caregivers explained that food was an effective incentive to persuade children to take their medication, and with-
out it, children were more likely to refuse and miss doses entirely. Notably, the use of incentives was common across all
age categories with food for younger children and money used in older children.

| tell him to take his medication then | should pour him some porridge, or like | said | bribe (Caregiver of a 7-year-old

child, Chikwawa district).

Another caregiver mentioned:

When am feeding her porridge, 2 pills are already in the cup. Then after some time, | will give her another 2 pills then
after some time the remaining 2 then am done for the day. When there is no food, it becomes difficult to give medica-

tions to a child (Caregiver of a 3-year-old child, Lilongwe district).

HCWs echoed these concerns noting that children’s resistance to take medication combined with caregivers’ beliefs
that medication should only be taken with food (even though this is not the required for medical reasons) often resulted in

missed doses. A nurse explained:

PLOS Global Public Health | https://doi.org/10.137 1/journal.pgph.0004510 May 30, 2025
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Table 3. Characteristics of caregivers, their children, and HCWs participating in IDIs (n=54).

Characteristic Caregivers 30 (100%) Children of participating
caregivers 30 (100%)
Age
<5 years 0 15 (50%)
18-35 years 13 (43%) 0
>35 years 17 (57%) 0
Not indicated 0 0
Sex
Female 29 (97%) 15 (50%)
Caregiver relationship to child
Biological father 1 (3%) NIA
Biological mother 27 (90%) NIA
Other 2 (7%) NIA
On ART
Yes 28 (93%) NIA
Duration on ART
<5years 12 (43%) 16 (53%)
>5years 16 (57%) 14 (47%)
Time to initiate ART after diagnosis
Delayed NIA 7 (23%)
Immediate NIA 21 (70%)
Not indicated NIA 2 (7%)
Schooling
Attending school 0 7 (23%)
No school 2 (7%) 23 (77%)
Primary level 20 (67%) 0
Secondary 7 (23%) 0
Tertiary 0 0
Not indicated 1(3%) 0
Occupation
Business 15 (50%) NIA
Farming 4 (13%) NIA
Fulltime job 3 (10%) NIA
Peace work 7 (23%) NIA
Not indicated 1 (3%) NIA
HIV Status disclosed to child
Yes NIA 12 (40%)
No NIA 18 (60%)

N/A, not applicable; ART, antiretroviral therapy; IDI, in-depth interview.

https://doi.org/10.1371/journal.pgph.0004510.t003

“What we have seen is that most children fail to adhere because of being poor in terms of food [food insecurity]. Most
parents believe that medicine is only supposed to be taken after having a meal so due to the starvation going around in
homes, they don’t give the child medicine.” (Nurse, Chikwawa district).

Caregivers said they often could not give children their medicine because they struggled to provide basic needs like

food, highlighting how unstable living conditions directly impact health management decisions. A Caregiver explained:
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| can’t give the child meds when we don’t have food. You should understand me when | say that | am poor, because
really, | am poor. Because | just can’t give the child food on an empty stomach, he would get weak as a result.
(Caregiver of 4-year-old child, Lilongwe district).

Both caregivers and HCWs emphasized the link between food insecurity and poor pediatric adherence, with some sug-
gesting that providing food assistance to families could improve adherence.

HIV status disclosure challenges and consequences. Caregivers expressed concerns about disclosure and a
majority (18/30) had not disclosed the HIV status to the child, with none of the children below 5 years reportedly having
started disclosure, citing child’s young age as a primary reason. Most caregivers mentioned that the age of 10 years is
appropriate to disclose the HIV status to their children. One mother explained:

My child is very intelligent and asks me a lot of questions like ‘when will | stop taking the drugs?’ I could lie to him say-
ing when you finish these ones, we will not get more meds at the hospital but we would get more meds and he refuses
to take them sometimes. He is young and | can'’t tell him the truth (Caregiver of 5-year-old child, Mulanje district).

Caregivers expressed worries about the consequences of disclosure, fearing children may unintentionally disclose their
status to others, and consequently face stigma. One caregiver said:

“The problem is that children always tell one another that my mother has told me | am HIV positive and children start
telling each other and then everyone becomes aware that the child is HIV positive.” (Caregiver of a 4-year-old child,
Mulanje district).

Most HCWs (13/24) identified multiple reasons for caregivers’ reluctance to disclose, extending beyond unintentional
disclosure:

“Women say are afraid the child will kill themselves if they disclose to them or that their marriage will end because
they remarried after their first marriage, so the woman does not want to disclose that the child is on ART.” (Clinician,
Chikwawa district).

HCWs observed that non-disclosure often led to treatment adherence challenges. They noted that caregivers’ attempts
to mislead children about their medication purpose and its (life-long) duration created confusion and frustration among
children who questioned why they, unlike their peers, required daily medication.

Other children do not know why they are taking drugs. They even go as far asking why their friends do not take drugs.
Their parents lie to them saying they are taking drugs so that they cure the headache they have. So, whenever they
feel no headache, they do not take their ART (HDA, Lilongwe district).

Despite acknowledging these concerns, many HCWs emphasized the importance of disclosure in improving adher-
ence, particularly when children are old enough, citing 10 years and above as an ideal age for children to understand.
One HCW explained:

“The advantage is that it inproves adherence. It is like you are giving the child a responsibility. After disclosing to them,
the child becomes aware why they are taking drugs and also the consequences of not taking them consistently. They
become aware they are taking drugs to make sure their body soldiers become strong and able to defeat diseases.”
(Medical Assistant, Lilongwe district).
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Missed clinic appointments resulting in treatment interruptions. The majority of caregivers (22/30) reported
struggling to consistently attend clinic appointments for ART refills for their children.

“Sometimes maybe her appointment date comes and | am not home. So, we miss that appointment date and come on
another day.” (Caregiver of an 8-year-old child, Chikwawa district).

Caregivers cited several reasons for missing clinic appointments including challenges with transport, such as cost and
accessibility, illness preventing them from attending appointments with their child, competing priorities in daily life such as
work or travel obligations, and children being in school during clinic hours. One caregiver described how this can result in
prolonged gaps in medication:

“Not having any means of transportation. For instance, during the time of floods, I stayed for a month without going to
get medication.” (Caregiver of a 7-year-old child, Chikwawa district).

Competing priorities for both caregivers and older children could cause them to miss appointments:

“I happen to be occupied with something or | travel out and the dates for us to go the hospital are due while am
not home. | was at a certain place, this makes him not to come here on his dates.” (Caregiver of a 5-year-old child,
Lilongwe district).

Discussion

In this mixed methods study, we found high VL to be associated with duration on ART of >4 years and two or more IITs in
the 12 months before VL sample collection. Insights from caregivers and HCWs involved in pediatric HIV services pointed
to five key adherence challenges: children’s resistance to take daily tablets; pill burden; food insecurity; challenges and
consequences of HIV status non-disclosure; and missing clinic appointments. These findings underline the complexity and
multitude of behavioral, psychosocial and socio-economic factors influencing adherence in young children in this setting.

The protective effect of longer ART duration observed in our study, with children on ART longer than 4 years having a
14% lower risk of high VL, aligns with regional evidence. Studies from Ghana, Ethiopia and Mozambique demonstrated
similar patterns, with shorter ART duration (1—4 years) associated with increased risks of high VL [18—20]. This association
likely stems from guardians and children gaining valuable experience with ART over time, as they may gradually become
more familiar with medication routines through sustained engagement with healthcare services [12]. Supported by their
caregivers, young children may develop more consistent medication-taking habits as they grow from infancy through early
childhood. These findings emphasize the importance of targeted interventions for children recently initiating ART.

Before the transition to dolutegravir-based pediatric regimens, young children (ages <9 years) had the worst VL sup-
pression results in Malawi and other countries in the region [9]. Despite improved efficacy and tolerability of pediatric
dolutegravir formulations compared to older protease inhibitor regimens, viral suppression remains suboptimal across
several African cohorts, with rates of 73—86% reported in Malawi, Nigeria, Cameroon, and Mozambique [21-23]. Since
dolutegravir resistance remains rare among children with high viral load, [24], insufficient adherence likely explains most
high VL cases in this population

An important adherence challenge identified in IDIs was children’s resistance to take daily medication. Studies from
resource-limited settings, including from the East African region, suggest that caregivers should engage in open and
age-appropriate discussions with children about the importance of taking medication regularly, using language and expla-
nations that the child can understand [25]. Understanding the child’s perspective and addressing their concerns, such as
fear of side effects or the taste of medication, can help alleviate resistance [26]. Monitoring medication consumption can
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ensure that children are taking their medication as prescribed [27], while teaching children swallowing techniques and
providing them with positive reinforcement can make the process less daunting [28]. Regular follow-up visits and open
communication channels between caregivers and HCWs can help identify and address adherence issues promptly, and
peer support groups for caregivers can provide a platform for sharing experiences, learning from others, and receiving
emotional support [29]. However, most of these interventions may be time consuming and require dedicated staff with
appropriate expertise, which may challenge feasibility and reach in many settings in Malawi and other countries in the
region.

Consistent with studies from low- and middle-income countries [30,31], we found that caregivers and HCWs see the pill
burden for children as high and challenging for adherence. Strategies like dissolving medications, using more palatable
medication formulations, and combining multiple medications into a single dose [32] could help simplify the pill regimens
for children and improve adherence [32,33]. Future research should focus on developing and evaluating these strategies,
as well as exploring novel approaches such as long-acting formulations and enhanced caregiver education and support
[30,34-36].

Lack of food was major concern for caregivers, directly affecting medication adherence. Caregivers expressed that
children experience more side effects when ART is taken on an empty stomach and that children are more likely to accept
pills when given with food, although we could not find supportive literature for these observations. Some caregivers
falsely believed that taking ART with food is a necessary requirement, a belief that may still stem from the older protease
inhibitor-based pediatric formulation that needed to be taken with food. The impact of food insecurity on medication adher-
ence has been widely reported [37,38], and our findings align with this literature. Nutritional support, currently not widely
available in Malawi for non-malnourished children, and education about correct medication administration in relation to
food are crucial for adherence and VL suppression in contexts with high rates of food insecurity [39,40].

Caregivers expressed concern that disclosing the HIV status to their child may lead to unintentional HIV status disclo-
sure to other young children, thereby disclosing caregiver’s positive status in the community, with negative consequences
for children and caregivers due to stigma. This highlights a complex social and emotional dilemma caregivers face in
managing their child’s HIV status. Previous studies, including a systematic review, have shown the beneficial impact of
HIV status disclosure on medication adherence of CWH [41], as proper disclosure helps them understanding their situa-
tion and motivates them to manage their own medication. Recent studies have also suggested that preparing children for
treatment responsibility can start as early as 6 years of age [42], which is now supported in Malawi’s national guidelines
(reference). However, the fear of caregivers for indirect disclosure of their own HIV status may hamper disclosing the HIV
status to CWH. Understanding these concerns and addressing them through support programs for CWH and their care-
givers may facilitate age-appropriate disclosure.

Lastly, caregivers in our study reported having trouble consistently attending scheduled clinic appointments resulting in
[IT in the child. We found similar reasons for missed visits compared to those reported in studies of caregivers in Zam-
bia and Kenya, including transportation costs, travel obligations, caregiver illness, competing life priorities, and conflicts
with school hours [12,43]. Irregular clinic attendance often leads to missing medication refills, adherence counseling and
monitoring of treatment response, all of which are crucial for maintaining VL suppression [44—46]. Implementing strate-
gies such as appointment reminders via text messages or phone calls, offering special clinic days or extended hours for
school-attending children, multi-month medication dispensing aligned with caregivers’ clinic appointments and innovative
approaches to decentralizing HIV care may help minimizing missed clinic appointments [47-50].

While our study provides valuable insights into the factors associated with high VL and barriers to adherence in CWH, it is
important to acknowledge its limitations. The qualitative data from caregivers and HCWs may be subject to recall and social
desirability bias. As we relied on routinely collected data in the quantitative analysis, we could not include comprehensive
sociodemographic data. Additionally, the study was conducted in a limited number of regions in Malawi, and the findings may
not be generalizable to other contexts with different socio-economic and cultural characteristics. Our study excluded children
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with viral loads between 200-999 copies/mL, which limits understanding of causes of low-level viremia. Furthermore, the
cross-sectional nature of the quantitative analysis precludes determining causal associations with high VL.

Conclusion

We found that a number of behavioral, socio-economic and psychosocial factors were associated with high VL in CWH,
with many factors related to dynamics in the community and family. Future interventions to improve viral load and health
outcomes in CWH should include multi-level approaches, including age-appropriate disclosure, addressing food insecurity,
and strategies to improve caregivers’ clinic attendance. Special attention should be given to children in their early years of
treatment, when they are higher risk for high VL. The development of safe and effective long-acting ART for children could
overcome many challenges to viral suppression and should be a priority for HIV therapeutics research.
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