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Abstract

Wellness challenges experienced by adolescents and youth living with HIV (AYLWH) during
COVID-19 are unknown and could guide HIV care in resource-limited settings. Between
February/2021 and July/2022, perinatally-infected AYLWH at the Academic Model Providing
Access to Healthcare (AMPATH) in western Kenya completed surveys assessing psychological,
physical, socioeconomic, and antiretroviral nonadherence challenges and underwent viral load
(VL) testing evaluating for virologic (VL>40 copies/mL) or treatment (\VL>1,000 copies/mL)
failure. Patterns in challenges, nonadherence, and VL measures by enrolment were evaluated
using general additive models. Associations between challenges and nonadherence scores were
quantified using linear regression; associations between non-adherence and failure were quantified
using logistic regression. Both were adjusted for age, gender, and clinic. Among 442 participants
enrolled in this cross-sectional study (median age 17 years, 49% female), 89% reported challenges
(48% psychological, 66% physical, 62% socioeconomic) and 74% reported nonadherence.
Significant between-individual variations by enrolment date were noted in physical challenges
(e.g., illnesses and hospitalizations). Reporting more psychological, physical, or socioeconomic
challenges were each associated with higher nonadherence. Higher nonadherence was associated
with virologic and treatment failure (OR=1.22 per 1-unit higher nonadherence, 95% CIl=1.01-
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1.47, p<0.036; and OR=1.29, 95% CI=1.01-1.64, p<0.035, respectively). Kenyan AYLWH faced
psychological, physical, and socioeconomic challenges during the COVID-19 pandemic. Although
longitudinal studies are needed to determine whether these challenges exceed pre-pandemic

levels or contribute to the observed increased antiretroviral nonadherence and treatment failure,
our findings provide support the important relationships among these measures and may help
clinicians and caregivers identify opportunities for interventions to support this vulnerable
population.
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INTRODUCTION

Severe acute respiratory syndrome-associated coronavirus 2 (SARS-CoV-2), responsible for
coronavirus disease 2019 (COVID-19), infected over 766 million people and killed almost
7 million to date.! The World Health Organization (WHO) and Centers for Disease Control
and Prevention (CDC) no longer require social distancing and quarantining measures, which
previously resulted in country-wide lockdowns, healthcare disruptions, income loss, food
insecurity, homelessness, healthcare system overload, and mistrust in the government and
medical system in their ability to mitigate the devastation caused by the pandemic.23
However, there is much to learn from the pandemic experience to better prepare for current
or future pandemics.

COVID-19 disproportionately affected people with HIV, who rely on healthcare systems
for consistent access to care and antiretroviral therapy (ART) supply.* Community-based
interventions to improve clinical outcomes within this population faced significant setbacks
due to imposed restrictions.> Moreover, associated HIV clinic closures, telemedicine shifts,
and ART supply shortages resulted in loss of contact with many people with HIV,
particularly in resource limited settings (RLS).#8 This risk may be more apparent among
adolescents and youth living with HIV (AYLWH), who are already developmentally more
likely to disengage from care and face higher rates of HIV-related morbidity and mortality
than other age groups due to social isolation from lack of peer support, engagement in risky
behaviors like substance abuse and sexual initiation, and dependence on caregiver resources
for clinic attendance.”

Kenya, a low-income country with high HIV prevalence (4.7%), saw its first SARS-CoV-2
case on March 13, 2020. Since then, Health Alerts published by the US Overseas Advisory
Council (OSAC) and Situation Reports published by the Kenyan Ministry of Health

(MoH) have demonstrated changes in masking and social distancing measures, travel bans,
transportation services, access to specialized HIV care, and availability of COVID-19
treatment and vaccines (Figure, Online Resource 3).8-12 Specifically, in February 2020, the
National Emergency Response Committee was formed to coordinate pandemic preparation.
In March, the government banned travel, public gatherings, and school activities, instated
an indefinite 7pm-5am curfew, and increased SARS-CoV-2 testing. In April, masks became
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mandatory, hospitals were designated to handle infections, and tax relief was implemented
for vulnerable populations. In May, healthcare workers received special training. In June,
the curfew was shortened to reduce economic burden. In July and August, local and
international travel restrictions were lifted. In November, the curfew was further relaxed
but large public gatherings like political rallies were still banned, as elections drew nearer.

In January 2021, schools reopened and a digital-verification system for negative SARS-
CoV-2 PCR tests was established. In February, participants began enrollment in the present
study. In March, case surges were noted in Nairobi and neighboring counties, and curfews
and travel bans were reinstated, lifted in April, then reinstated again in June, with additional
surges. In September and October, partnerships with prisons and transport services were
formed to promote vaccinations among inmates and operators and new healthcare facilities
were commissioned to increase care. In November, the government partnered with local
manufacturers to increase ART supply. Finally, throughout 2021 and into 2022, Kenyans
continued to see declines in restrictions as case burden dwindled and vaccines became
available.

Concurrently, Kenyan clinics noted reduced HIV testing by ~22% and ART initiations by
~26%, increased missed visits by ~56%, and general ART supply shortages.13:14 Such
changes in care access could hinder antiretroviral adherence, which is crucial for preventing
drug resistance and clinical progression.1® The impact of such circumstances on AYLWH
wellbeing is still unknown. Recent reports, including one from Kenya, noted increased
income loss, food insecurity, depression and anxiety among AYLWH during the pandemic;
however, the large breadth of challenges experienced by this population, along with their
impact on adherence and virologic outcomes, remains to be elucidated.16:17 Although
many pandemic-related restrictions are now lifted and Kenyan HIV clinics have returned
to normal capacity, carefully understanding the challenges experienced by AYLWH during
the pandemic and their association with HIV care is critical, similarly to prior, and perhaps
future, crises.18:19

As such, the present study describes psychological, physical, and socioeconomic challenges
reported by a well-characterized cohort of Kenyan AYLWH during the COVID-19
pandemic, and elucidates associations of such reports with antiretroviral nonadherence and
treatment failure. Our findings may increase awareness to such associations and highlight
opportunities to improve HIV clinical outcomes among AYLWH in Kenya and other RLS.

METHODS
Study Design and Setting

This cross-sectional study was carried out at four HIV clinics under the Academic

Model Providing Access to Healthcare (AMPATH) in and around Eldoret, Kenya, between
February 2021 and July 2022. AMPATH is a partnership between academic health centers
that use a centralized electronic medical record system to provide comprehensive HIV
care to >160,000 patients, including >7,000 AYLWH, through >800 Ministry of Health
clinics.2921 Clinics included the Moi Teaching and Referral Hospital (MTRH) in Eldoret
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and three sub-county urban clinics in Webuye, Turbo, and Kitale (see Figure, Online
Resource 1, which demonstrates a map of the AMPATH clinics in Kenya).

Participant Recruitment

AYLWH were enrolled in 2018 as part of an ongoing parent study (RO1 A114733301)
assessing HIV drug resistance in a well characterized, longitudinally-followed cohort that
was originally enrolled in 2010 according to the following eligibility criteria: (i) perinatally
HIV-infected, (ii) <14 years old, (iii) on or beginning a 15t-line NNRTI-based ART, and

(iv) receiving HIV care at one of the four clinics. Eligibility criteria for the current study
included active enrollment in the parent study. Enrollment occurred as participants returned
to clinic for their usual in-person visits during the pandemic. Informed consent was obtained
from parents and/or caregivers and culturally appropriate assent from those over 10 years
old.

Participant Wellness and Adherence Surveys

Enrolled participants and their parent/caregiver verbally completed surveys conducted by
trained research assistants, utilizing validated measures or measures used elsewhere in this
setting when available, to assess challenges experienced during COVID-19.16 Specifically,
surveys examined (i) psychological challenges, like depressed and anxious mood,

using the Patient Health Questionnaire-2 (PHQ-2) and Generalized Anxiety Disorder-2
(GAD-2), respectively;22:23 (ii) physical challenges, like recent/current COVID-19-related
illnesses and hospitalizations; (iii) socioeconomic challenges, like education, income, food
availability, and housing status changes, using the International epidemiology Databases to
Evaluate AIDS (IleDEA) Adolescent Cohort Evaluation Sociodemographic Tracking Form;24
and (iv) antiretroviral nonadherence using the leDEA Comprehensive Adherence Measure
for Pediatrics (see Table, Online Resource 2, which lists the questions asked in the survey).2
Surveys also included specific prompts for referrals to AMPATH services for responses
indicating a need for mental or physical health, or nutrition services.

HIV-1 Viral Load Assessment

Blood samples were collected for HIV-1 VL testing as part of the parent study. VL

testing was performed at the AMPATH reference laboratory using the M2000 Realtime
System (Abbott Park, Illinois, Chicago USA). Treatment failure (VL>1000 copies/mL; per
WHO criteria), virologic suppression (VL<40 copies/mL), and virologic failure (VL>40
copies/mL) categories were assessed.2% VL tests closest in time during or after the visit (but
allowing within 7 days prior) to the surveys were extracted from the medical records.

Statistical Analyses

Survey and clinical data were summarized overall by two qualified statisticians. Challenge-
specific composite scores were calculated by summing the PHQ-2 and GAD-2 scores for
psychological challenges (scale 0-12), and the relevant positive responses for physical
challenges (scale 0-5) and socioeconomic (scale 0-6) challenges. A nonadherence
composite score was similarly calculated (scale 0-6). Higher scores among all composite
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measures indicated worse challenges and/or nonadherence (see Table, Online Resource 2,
which lists the questions asked in the survey).

Generalized additive models (GAM) with non-linear regression splines were used to
describe observed enrollment patterns in the challenges, nonadherence, and VL measures
based on the date of study enrollment, adjusting for clinic, gender, and age. Challenges and
nonadherence scores were modeled as a continuous outcome and VL (>1,000 copies/mL,
and >40 copies/ml) were modeled as a binomial outcome.

Linear regression, adjusting for age, clinic, and gender, was used to model ART
nonadherence as a function of the three wellness measures. Logistic regression, adjusting

for age, gender, clinic, and time between nonadherence measurement and VL, was used to
separately model virologic (VL>40) and treatment failure (\VL>1000) endpoints as functions
of nonadherence. All models included age, gender, clinic and, for VL, the time between

the nonadherence measurement and VL. Linear trend assumptions were first assessed using
spline terms to model continuous predictors. The VL models were rerun with the addition of
the three wellness challenges to assess whether the association between nonadherence and
VL is attenuated when we account for the challenges measures. All analyses were performed
using R version 4.0.2.27

Participant Enrollment and Characteristics

Of the 443 AYLWH enrolled in the parent study, 442 were enrolled in the present study
(one defaulted) (see Figure, Online Resource 4, which demonstrates a flowchart of the
study population). All participants answered the wellness questionnaires, one refused the
adherence questionnaire, and two had no eligible VL data, and were thus omitted from
adherence and VL analyses, respectively.

Participant demographics are summarized in Table 1. Of the 442 enrolled, 88% were
enrolled during the first half of 2021 and 59% were receiving HIV care at MTRH. Most
participants were between 15-19 years old (52%), 49% were female, 80% resided in their
usual residence, 85% were students, 16% working, and 7% had others relying on their
income. The mean time on ART was 11.9 years, with tenofovir-disoproxil-fumarate +
lamivudine + dolutegravir being the most common regimen (69%), and the mean CD4 levels
were 839 cells/pl.

Wellness Challenges

At least one challenge was reported by 89% of the 442 participants who completed these
surveys, including 48% psychological, 66% physical, and 62% socioeconomic challenges.
Highest characteristics included =1 point on PHQ-2 (36%; assessing depressed mood) and
>1 point on GAD-2 (29%; assessing anxious mood), recent COVID-19 symptoms (60%),
and food (31%), income (35%), and housing (20%) insecurity (see Table, Online Resource
5, which demonstrates the individual challenges experienced by AYLWH). The median
challenge-specific composite scores were 0 (IQR 0 to 8) for psychological, 1 (IQR 0 to

4) for physical, and 1 (IQR 0 to 4) for socioeconomic challenges. Examination of challenge-
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specific composite scores by enroliment month provided little evidence of differences in
participant characteristics based on enrollment time. However, we found some evidence
that physical challenges scores of participants enrolled between March and May 2021 were
lower than for participants enrolled in the other months; other scores had wide variability
and provided less evidence for patterns (Figure 1).

Antiretroviral Nonadherence

VL Levels

Antiretroviral nonadherence was reported by 74% of the 441 participants who completed
this survey, with most (50%) indicating problems taking medications around others (see
Table, Online Resource 5, which demonstrates the individual adherence concerns among
AYLWH). The median nonadherence composite score was 1 out of 6 possible challenges
(IQR 0 to 2) among all participants. The value of the adherence score did not appear to differ
by study enrollment date, although standard errors are large (Figure 1).

Virologic failure (median VL 1,497 copies/mL, IQR 112 to 11,262 copies/mL) and
treatment failure (median VL 10,664 copies/mL, IQR 3,964 to 27,152 copies/mL) were
observed among 19% and 10% of the 439 participants with adherence and VL data
available, respectively. Patterns of observed virologic and treatment failure by participant
enrollment date are shown in Figure 1. Online Resource 5 provides summaries of the cohort,
overall and stratified by virologic and treatment failure.

Wellness Challenges and Nonadherence

ART nonadherence was significantly associated with challenge-specific composite scores,
with nonadherence higher by 0.21 (95% CI=0.12-0.29, p<0.001), 0.29 (95% C1=0.15—
0.43, p<0.001), and 0.17 (95% CI1=0.06-0.29, p=0.003) for every point difference in
psychological, physical, and socioeconomic challenge score, respectively (Table 2).

Nonadherence and VL

Antiretroviral nonadherence was significantly associated with virologic (OR=1.22 per 1-
higher point in nonadherence composite score, 95% CI=1.01-1.47, p=0.036) and treatment
(OR=1.29 per 1-higher point, 95% C1=1.01-1.64, p=0.035) failure (Table 3). Inclusion of
wellness challenges composite scores in these models resulted in a modest attenuation of
this association and subsequently greater p-values for both virologic (OR=1.18 per 1-higher
point, Cl=0.96-1.14, p=0.111) and treatment (OR=1.24 per 1-higher point, C1=0.95-1.61,
p=0.104) failure (see Table, Online Resource 6, which demonstrates the association between
nonadherence and virologic and treatment failure with wellness challenges included in the
model).

DISCUSSION

The vast majority (89%) of 442 AYLWH from one large hospital and three smaller
sub-county urban clinics in Kenya reported psychological, physical and/or socioeconomic
challenges during the second year of the COVID-19 pandemic; many also reported
antiretroviral nonadherence, and some experienced virologic or treatment failure. These
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wellness challenges were independently associated with nonadherence and nonadherence
was independently associated with virologic or treatment failure. Despite the cross-sectional
study design and the inability to determine whether these challenges exceed pre-pandemic
levels, the observed associations between them and higher antiretroviral nonadherence are
highlighted for providers and offer opportunities for patient-centered interventions once such
challenges are reported by this vulnerable population to improve their care.

Before the study period, Kenya placed several public health restrictions to limit SARS-
CoV-2 spread, following global trends.11:12:28 Although many had since been lifted and
vaccines had become publicly available by the beginning of this study, many AYLWH
continued to experience psychological, physical, and/or socioeconomic challenges. Similar
observations have been reported, but with minimal focus on vulnerable youth living

with HIV.2%-32 Our findings reinforce the few reports that do focus on this particular
population, including the one from Kenya, and extend them to characterize the large
breadth of challenges experienced and importantly, their association with nonadherence

and treatment failure in this vulnerable population.16:17 These experienced challenges and
their frequencies (e.g. anxiety/depression symptoms for days; occasional COVID-19-related
physical symptoms; and at least some socioeconomic challenges), especially during a public
health crisis, should not be overlooked as they were associated with nonadherence. These
findings highlight the need for early and continued interventions to support this population.
Though not tested here, interventions such as home-based care and peer support groups
through online social media platforms, should be explored to evaluate their impact on
minimizing such effects, even with positive changes in the public health local and global
landscape.

Although the study was not designed to detect temporal trends, participants were enrolled
over a period of 17 months during the pandemic, and challenges were reported throughout
with relative overall consistency, despite the changing public health landscape. In March
and June of 2021, for instance, Kenya experienced two surges and associated restrictions.
However, Kenyan AYLWH enrolled in the first half of 2021 did not report higher
psychological and socioeconomic challenges, possibly due to increased engagement in
HIV-related care, geographical distance from study sites, small sample size, or differences
in participant characteristics. They did note fewer physical challenges during these surges,
possibly attributed to reduced incidence of influenza, common cold, and other infections
associated with masking and social distancing.33 In the latter half of 2021 and throughout
2022, vaccine supplies became prevalent; however, reported challenges persisted, despite
these ‘good’ public health campaigns. These lessons provide key insights into the wellness
of AYLWH in RLS during current and future crises.

The high rate and overall consistency in reporting of challenges among AYLWH throughout
the study period raise concerns about their potential association with worse nonadherence
and virologic suppression. Recent studies among African people with HIV have shown

that lower utilization of HIV services, reductions in routine testing, and limitations in ART
availability during the pandemic can contribute to incomplete antiretroviral adherence.34~
36 However, adherence among AYLWH in the United States has also been attributed

to age, education, housing and job security, depression and anxiety, independently from
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COVID-19.37 The association between these factors and adherence during the pandemic,
especially among the vulnerable AYLWH in RLS, has received minimal emphasis.38-49 Our
study uniquely showed that many AYLWH also had difficulties adhering to ART. Though
causal associations between psychological, physical, and socioeconomic challenges and
nonadherence are impossible to make, the temporal occurrence, especially in conjunction
with virologic and treatment failure, are concerning. These concerns are further heightened
given the lower pre-pandemic nonadherence rate (53% vs 74% reported here) in this same
population.#! We speculate that these associations, which should be further studied, suggest
that COVID-19 — especially restrictions imposed by it — may modify wellness and lead

to reduced adherence and, subsequently, increased likelihood of treatment failure within
this vulnerable population. Such speculations, if true, should guide caregivers and providers
to be especially sensitive to self-reported challenges from this vulnerable population and
consider formally assessing them and their potential indication of nonadherence.

We recognize several limitations in this study. First and foremost, we had no comparison
group without COVID-19 pandemic exposure as reference to draw more robust conclusions
and examine direct associations between wellness challenges and the pandemic. Second,
the cohort only includes perinatally HIV-infected youth, which might limit generalizability.
Nonetheless, most global perinatally infected youth live in settings similar to Kenya.

Third, as Kenya experienced fewer COVID-19 reported cases than developed countries,

its population may not have been as severely impacted by the pandemic and, as such,
results may not translate to AYLWH in areas more severely affected. Fourth, while we

do adjust for clinic-level variation, the effect of location may be of interest in explaining
variability of challenges, nonadherence scores, and virologic outcomes. However, because
there is only one large hospital in the city center, it was not possible to distinguish the main
effect of that location from the main effect of the smaller clinics. Finally, while we utilized
validated questionnaires where possible, only adherence and mental health questionnaires
were previously validated which, along with response and recall biases, may confound data
interpretation.

In conclusion, the majority of examined Kenyan AYLWH experienced psychological,
physical, and socioeconomic challenges during the COVID-19 pandemic. These challenges
were associated with antiretroviral nonadherence and, in turn, virologic and treatment
failure. Though a direct association between the pandemic with its interrelated restrictions,
and the experienced wellness challenges and evaluated viral outcomes could not have

been made in the present study, our findings suggest that anticipating and addressing

such challenges early on during current and future public health crises could significantly
improve clinical outcomes within this vulnerable population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Characteristics of enrolled AYLWH, overall and stratified by virologic and treatment failure

Table 1.

Characteristic®

Total (N = 442)b

Enroliment Quarter
2021
Jan-Mar
Apr-Jun
Jul-Sep
Oct-Dec
2022
Jan-Mar
Apr-Jun
Jul-Sep
Clinic Site
MTRH
Kitale
Turbo
Webuye
Age
5-9
10-14
15-19
20-24
25+
Sex
Female
Social Status
Usual Residence
Enrolled in school
Earning income
Others rely on income
Years on ART
Current ART Regimen
ABC/3TC/ATV/IR
ABC/3TC/DTG
ABC/3TC/EFV
ABC/3TC/LPVIR
AZTI3TC/IATVIR
AZT/3TC/DTG
AZTI3TC/LPVIR
TDF/3TC/IATVIR
TDF/3TC/DTG

186 (42)
202 (46)
39(9)
8(2)

2(0)
4(1)
1(0)

260 (59)
49 (12)
69 (16)
64 (14)

4(1)
102 (23)
230 (52)
104 (24)

2(0)

218 (49)

355 (80)

376 (85)

72 (16)
30/72 (42)
11.9 (2.1)

2(0)
33(7)
2(0)
8(2)
6(1)
11(2)
15 (3)
49 (11)
307 (69)
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Characteristic® Total (N = 442)b
TDF/3TC/DTG/DRV/R 1(0)
TDF/3TC/EFV 6 (1)
TDF/3TC/LPVIR 1(0)
AZT/3TC/DTG 1(0)

CD4 Levels®
Count 839 (435)
Percentage 30(11)

aCategorical measures are presented as count (frequency) and continuous measures are presented as mean (standard deviation).
Two participants with VL data before -7 days of the study visit were placed in the virologically suppressed group.

N =428, omitting 14 missing CD4 levels. CD4 levels for most participants were, on average, only available from three years before study
enroliment.

Abbreviations: 3TC = lamivudine; ABC = abacavir; ATV = atazanavir; AYLWH = adolescents and youth living with HIV; AZT = zidovudine; DTG
= dolutegravir; DRV = darunavir; EFV = efavirenz; LPV = lopinavir; MTRH = Moi Teaching and Referral Hospital; R = ritonavir; TDF = tenofovir
disoproxil fumarate; VL = viral load.
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Table 2.
Antiretroviral nonadherence as a function of challenges, age, sex and clinic site, assessed by the regression
model?
Covariate Coeff. 95% CI p-value

Challenges (per 1 unit)
Psychological challenges 0.21 0.12,0.29 <0.001

Physical challenges 0.29 0.15,0.43 <0.001
Socioeconomic challenges  0.17 0.06, 0.29 0.003
Age (per 1 year) 0.00 -0.04,0.03 0.801

Sex (vs Female)
Male 0.27 0.05,0.50  0.015
Clinic Site (vs Kitale)

MTRH 0.00 -0.36,0.37  0.986
Turbo -0.22 -0.65,0.22 0.329
Webuye -0.01 -0.45,0.43 0.965

aN =441, omitting the 1 without adherence score.

Abbreviations: CI = confidence interval; MTRH = Moi Teaching and Referral Hospital.
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Association between antiretroviral nonadherence and virologic and treatment failure

Table 3.

Virologic Failure VL = 40 (N = 84)

Treatment Failure VL = 1000 (N = 44)

Covariate OR 95% ClI p-value OR 95% ClI p-value
Antiretroviral Nonadherence (per 1 unit)  1.22 1.01,1.47 0.036 1.29 1.01, 1.64 0.035
Age (per 1 year) 1.06 0.98,1.14 0.162 1.06 0.96, 1.18 0.234
Sex (vs Female)

Male 0.86 0.53, 1.41 0.559 0.91 0.48, 1.74 0.773
Clinic Site (vs Kitale)

MTRH 2.70 1.02,9.32 0.070 1.60 0.52,6.97 0.463

Turbo 2.40 0.77,9.14 0.156 1.74 0.45, 8.52 0.447

Webuye 3.91 1.31, 14.57 0.023 2.27 0.61, 10.91 0.250
VL Timing (per 1 day)? 100  0.99,1.00 0.117 0.99 0.98, 1.00 0.115

H\/L timing indicates the difference in number of days between the interview date and the blood sample collection date.

Abbreviations: CI = confidence interval; OR = odds ration; MTRH = Moi Teaching and Referral Hospital; VL = viral load.
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