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Background. Children and adolescents with HIV (CAHIV) face unique challenges, including poorer treatment outcomes,
risk for drug-resistance mutations (HIVDRMs), and limited drug formulations. We estimated viral suppression (VS) prevalence
and evaluated predictors of VS and HIVDRMs in Kenya.

Methods. From 2018-2020, CAHIV 1-19 years on antiretroviral therapy (ART) >6 months were enrolled in this cross-sectional
study. Participants underwent viral load (VL) testing; those with VL 21000 copies/mL had HIVDRM testing. Sociodemographic
questionnaires and medical record abstraction were completed. VS prevalence (VL <1000 copies/mL) was estimated; robust Poisson
regression models were used to estimate prevalence ratios (PRs) and 95% ClIs for associations between potential predictors of VS.

Results.  Nine hundred and sixty-nine participants were enrolled. VS prevalence was .80 (95% CI: .78-.83). Being on ART >24
months (adjusted PR [aPR]: 1.22; 95% CI: 1.06-1.41), an integrase strand transfer inhibitor-containing regimen (1.13; 1.02-1.26),
and attending a level 3 health facility (1.23; 1.11-1.36) were associated with VS. Missing 23 doses of ART in the past month (aPR:
.73;95% CI: .58-.92), having a viremic mother with HIV (.72; .53-.98), and having 3-7 (.90; .83-.97), 8-13 (.89;.82-.97), or 214 (.84;
.77-.92) compared with <2 adherence counseling referrals were inversely associated with VS. A high proportion (n = 119, 81.5%) of
unsuppressed participants had evidence of any major HIVDRM.

Conclusions.

HIV treatment programs should target interventions for pediatric patients at risk for treatment failure—namely,

those with a caregiver with failed VS and those struggling with adherence.
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Human immunodeficiency virus (HIV)/AIDS is a leading
cause of morbidity and mortality in pediatric populations [1].
With over 90% of children and adolescents with HIV
(CAHIV) under age 15 living in sub-Saharan Africa (SSA), the
region carries the global burden of pediatric HIV/AIDS [2]. An
estimated 110 000 CAHIV under 15 years and 180 000 youth
aged 15 to 24 years are living with HIV in Kenya, with approxi-
mately 70 090 CAHIV younger than 15 years on antiretroviral
therapy (ART) [2].

ART has reduced HIV-related mortality and morbidities,
increasing life expectancy for people living with HIV [3].
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However, in 2020, the Joint United Nations Program on HIV/
AIDS (UNAIDS) reported that only 41% of children in need
have access to treatment globally, lagging behind adults in
terms of ART uptake [2]. Long-term treatment success is fur-
ther complicated by adherence challenges, limited pediatric
drug formulations, variable pharmacokinetics, body-weight
changes necessitating vigilant dose adjustments, and a high rate
of CAHIV who have not gone through the disclosure pro-
cess [4-6]. The shift towards routine viral load monitoring as a
measure of treatment efficacy at individual and program levels
has become a quality benchmark for HIV programs in support
of UNAIDS’ 95-95-95 targets by 2030 [7-9]. The third compo-
nent of the 95 target is to achieve viral load (VL) suppression in
95% of patients on ART [10].

In 2016, Kenya adopted VL monitoring to assess treatment
effectiveness per national ART guidelines [11]. However, sig-
nificant challenges in achieving optimized pediatric VL per-
sist. Additionally, adolescents frequently find consistent,
long-term adherence difficult [12]. Sustaining high levels of
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ART adherence is critical to treatment success, prevention of
drug resistance and disease progression, and decreasing risk of
onward transmission once sexual debut occurs [13]. Poor ad-
herence during childhood and adolescence, along with a multi-
tude of individual- and program-level factors, could contribute
to viral nonsuppression and the emergence of HIV drug-
resistance mutations (HIVDRMs).

Viral suppression (VS) among children and adolescents
in SSA has not been well characterized, particularly in Kenya
which has one of the highest burdens of CAHIV [13-15].
There remains a need to assess VS rates and to understand
individual- and program-level correlates of VS in this age group.

We estimated the prevalence of VS among participants aged
1-19 years in Kenya to evaluate the effectiveness of treatment
interventions at a program level. We also identified participant-
level factors associated with VS and described HIVDRM pat-
terns among participants with high VL.

METHODS

Study Population

Between December 2018 and March 2020, participants
were invited to enroll in this cross-sectional study based
on random selection from 13 treatment clinics supported
by the Military HIV Research Program (MHRP) and the
US President’s Emergency Plan for AIDS Relief (PEPFAR)
in Western Kenya. The random sample was approximately
weighted by clinic and stratified by time on ART and age.
Randomization was conducted in Stata (StataCorp, College
Station, TX) using listings of current clients from each clinic
and is representative of the general population of children
and adolescents on ART. Individuals were eligible for en-
rollment if they were at least 1 year to 19 years of age, had
been on first- or second-line ART for at least 6 months, and
had attended at least 1 follow-up ART clinic visit in the last
6 months. Participants aged 13-17 years were required to
have been informed of their HIV status.

Data Collection

Study staff administered sociodemographic questionnaires to
participants aged 18 years and older, caregivers if the participant
was younger than 13 years, and both caregivers and participants
if the participant was between 13 and 17 years. Responses cap-
tured demographics, self- or parent-reported ART adherence,
side effects, and support group participation. Participants un-
derwent a blood draw for VL unless results of a VL drawn for
routine clinical care within 1 month of study enrollment were
available.

Medical and pharmacy record abstraction was completed
within 3 weeks of the participant’s visit, including duration on
ART, ART regimen, referral history, nutritional status assess-
ments, World Health Organization (WHO) staging, maternal

VL where available, and tuberculosis (TB) treatment history.
Data from medical record abstraction captured information
and events prior to enrollment. Referral history captured docu-
mented referrals for adherence counselling and other services;
however, evidence of completion of the referred services was
unavailable.

Data were transcribed onto case report forms and entered in
the Clinplus platform (Anju Software, Tempe, AZ).

Viral Load Monitoring

HIV VL was measured via nucleic acid amplification methods
on the Abbott m2000sp/rt RealTime System testing platform
with a 1-mL plasma sample volume and a lower limit of detec-
tion of 40 copies/mL. All testing was performed according to
the manufacturer’s instructions.

HIV Genotyping and Subtyping
Plasma samples from participants with a VL greater than 1000
copies/mL underwent sequencing of the Pol region using
a laboratory-validated modification to the ViroSeq HIV-1
Genotyping System v2.0 (Abbott Molecular, Chicago, IL).
Sequences were evaluated for major mutations conferring re-
sistance to nucleoside reverse transcriptase inhibitors (NRTIs),
non-nucleoside reverse transcriptase inhibitors (NNRTIs),
and protease inhibitors (PIs) using the SmartGene Integrated
Database Network System (SmartGene, Zug, Switzerland) to
access mutation lists from the Stanford HIV Drug Resistance
Database, version 8.8.0 (Stanford University, Stanford, CA) [16].
The Kericho laboratory is accredited by the College of American
Pathologists (CAP) and runs CAP EQA for HIVDRM testing.
HIV-1 subtype was inferred from the consensus evolu-
tionary tree from SmartGene Integrated Database Network
System, which utilizes the neighbor-joining method in MEGA4
software version 4 (Tamura, Dudley, Nei, and Kumar 2007).
Evolutionary distances were computed using the maximum
composite likelihood method in units of the number of base
substitutions per site. The tree was then generated by the
neighbor-joining method from a nucleotide alignment.

Statistical Analyses

Viral suppression was defined using WHO criteria as a VL of
less than 1000 copies/mL. The prevalence of VS was estimated
using the Wilson score method and reported with 95% confi-
dence intervals (CIs) in the overall sample, and by age group,
duration on ART, and first- versus second-line ART.

Bivariate analyses were conducted using Pearson’s chi-
square and Wilcoxon rank-sum tests. Generalized linear
models with a Poisson distribution and robust standard
errors were used to estimate unadjusted and adjusted prev-
alence ratios (aPRs) and 95% CIs for associations between
sociodemographic and clinical factors and VS. Factors signif-
icant (a = .05) in the unadjusted models and those identified
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based on a priori and clinical knowledge of the study set-
ting were included in the adjusted model. ART regimen was
dropped from the adjusted model due to redundancy with
ART class. We tested for multicollinearity using the variable
inflation factor. Analyses were restricted to complete cases
after creating separate categories for unknown data from par-
ticipant medical records.

For participants with a VL of 1000 copies/mL or higher, the
prevalence of specific HTVDRMs and categories of HIVDRMs
were calculated by dividing the number of participants with 1 or
more mutations by the total number of participants genotyped.
For the drug-resistance analyses, we included all participants with
available HTIVDRM data and did not restrict to complete cases.

Analyses were performed in SAS version 9.4 (SAS Institute,
Cary, NC) and Stata version 16.1 (StataCorp) software.

Ethical Assurance

The study was approved by institutional review boards of the
Walter Reed Army Institute of Research and the Kenya Medical
Research Institute Scientific and Ethics Review Unit (KEMRI
SERU). All participants provided informed consent and assent,
as applicable.

RESULTS

Cohort Characteristics

From 973 participants screened, 969 (99.6%) participants were
enrolled; of these, 935 (96.5%) had complete case data and were
included in further analyses. The median age was 12 (inter-
quartile range [IQR]: 8-15) years and 482 (51.6%) were female
(Table 1). Twenty (2.1%) had been on ART for less than 1 year,
56 (6.0%) for 1-2 years, and 859 (91.9%) for more than 2 years.
The median duration on current ART regimen was 2.3 (IQR:
0.7-4.5) years. A total of 442 (47.3%) were on an ART reg-
imen with an abacavir (ABC)/lamivudine (3TC) backbone, 223
(23.9%) were on a zidovudine (AZT)/3TC backbone regimen,
136 (14.5%) were on tenofovir (TDF)/3TC/efavirenz (EFV)
(TLE), 70 (7.5%) were on a non-TLE regimen with a TDF/3TC
backbone, and 64 (6.8%) were on tenofovir/lamivudine/
dolutegravir (DTG) (TLD). History of referral for other serv-
ices was common, with a median of 10 (IQR: 4-23) referrals for
other services (eg, nutrition support) and a median of 7 (IQR:
2-13) referrals for adherence counseling.

Prevalence of Viral Suppression

The overall prevalence of VS in the cohort was .80 (95% CI:
.78-.83) (Table 2). The prevalence of VS was lower in the 10- to
14-year age group compared with the 1- to 9-year and 15- to
19-year age groups, and trended upwards with increasing du-
ration on ART. The prevalence of VS was lower among partici-
pants on a second-line ART regimen (.75; 95% CI: .70-.79) as
compared with those on first-line ART (.83; 95% CI: .80-.86).

Factors Associated With Viral Suppression

Factors independently associated with VS included dura-
tion on ART over 24 months compared to those on ART for
24 months or less (aPR: 1.22; 95% CI: 1.06-1.41), being on
an integrase strand transfer inhibitor (INSTI)-containing
regimen as compared with an NRTI/NNRTI-based regimen
(aPR: 1.13; 95% CI: 1.02-1.26), and attending a level 3 health
facility (aPR: 1.23; 95% CI: 1.11-1.36) (Table 3). Factors in-
versely associated with VS included unknown malnutrition
status compared with no malnutrition (aPR: .79; 95% CI:
.66-.95), missing 3 or more doses of ART in the past month
compared with missing none (aPR:.73; 95% CI: .58-.92), and
having a mother living with HIV with a viral load of more
than 1000 copies/mL (aPR:.72; 95% CI: .53-0.98) or a mother
of unknown HIV or VL status (aPR: .93; 95% CI: .87-.99) as
compared with a mother living with HIV with a VL of less
than 1000 copies/mL. Additionally, as compared with having
2 or fewer adherence counseling referrals documented, having
been referred for adherence counseling 3-7 times (aPR: .90;
95% CI: .83-.97), 8-13 times (aPR: .89; 95% CI: .82-.97), or
14 or more times (aPR: .84; 95% CI: .77-0.92) was inversely
associated with VS.

HIV Drug-Resistance Patterns

Of the 198 children and adolescents who were unsuppressed,
samples from 146 (73.7%) were successfully sequenced. Class-
specific HIVDRM prevalence was 76.0% (n = 111) for NNRTTs,
64.4% (n = 94) for NRTTs, and 6.2% (n = 9) for PIs. There were
11 HIVDRMs identified in the protease (PR) gene and 31 in
the reverse transcriptase (RT) gene. The dominant HIVDRMs
in the RT gene were K103N (51%, n = 75) and M184V (61%,
n = 89), while in the PR gene, V82A was dominant (4%, n = 6)
(Figure 1).

HIV Genetic Diversity

The subtype distribution was heterogeneous, with subtype
A predominating (76%, n = 111). Other HIV-1 variants in-
cluded D (8%, n =11), AID (7%, n = 10), C (6%, n =9), and
circulating recombinant forms (CRFs) that comprised CD
(1%, n = 2) (Figure 2).

DISCUSSION

This study showed a failure of VS in 20% of this pediatric cohort,
reflecting a broader challenge of achieving targets for VS in this
demographic group [17-20]. A study of Kenyan adolescents and
young adults showed a similar viral nonsuppression rate of 27%
[15]. Results from this study stress the importance of optimizing
regimens to include INSTIs and evaluating the effectiveness of
adherence counseling programs across all levels of healthcare set-
tings. In addition, nonsuppressed caregiver VL has been identi-
fied as a prominent risk factor for pediatric nonsuppression [21].
In this study, 60% of the children who were virally unsuppressed
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Table 1. Characteristics of Children and Adolescents Attending MHRP/PEPFAR-Supported Antiretroviral Treatment Programs in Kenya by Viral
Suppression Status

Viral Load <1000 Copies/mL (n = 750) Viral Load >1000 Copies/mL (n = 185) P
Sex 92
Male 364 (80.4%) 89 (19.6%)
Female 386 (80.1%) 96 (19.9%)
Age 48
1-9 years 245 (81.7%) 55 (18.3%)
10-14 years 276 (78.2%) 77 (21.8%)
15-19 229 (81.2%) 53 (18.8%)
Duration on ART M
6-12 months 14 (70.0%) 6 (30.0%)
13-24 months 40 (71.4%) 16 (28.6%)
>24 months 696 (81.0%) 163 (19.0%)
Current ART regimen? <.001
ABC/3TC backbone® 360 (81.4%) 82 (18.6%)
AZT/3TC backbone® 160 (71.7%) 63 (28.3%)
TDF/3TC backbone 49 (70.0%) 21 (30.0%)
TLD 62 (96.9%) 2 (3.1%)
TLE 119 (87.5%) 17 (12.5%)
Duration on current regimen >6 months 43
No 136 (82.4%) 29 (17.6%)
Yes 614 (79.7 %) 156 (20.3%)
Current ART class® <.001
NRTI/NNRTI 439 (81.9%) 97 (18.1%)
NRTI/PI 246 (74.8%) 83 (25.2%)
INSTI-containing 65 (92.9%) 5(7.1%)
First- vs second-line ART <.01
First line 505 (83.1%) 103 (16.9%)
Second line 245 (74.9%) 82 (25.1%)
Number of referrals (quartiles)® A3
0-4 201 (82.4%) 43 (17.6%)
5-10 224 (80.9%) 53 (19.1%)
11-23 151 (83.0%) 31 (17.0%)
24+ 174 (75.0%) 58 (25.0%)
Number of referrals for adherence counseling (quartiles)’ .02
0-2 229 (85.8%) 38 (14.2%)
3-7 191 (78.3%) 53 (21.7%)
8-13 164 (80.8%) 39 (19.2%)
14+ 166 (75.1%) 55 (24.9%)
Current WHO clinical stage?® .50
| 248 (83.2%) 50 (16.8%)
Il 257 (78.6%) 70 (21.4%)
I 190 (80.2%) 47 (19.8%)
Y 15 (75.0%) 5 (25.0%)
Unknown 40 (75.5%) 13 (24.5%)
Current nutritional status” .02
No malnutrition 692 (81.3%) 159 (18.7%)
Moderate/severe malnutrition 23 (74.2%) 8 (25.8%)
Unknown 35 (66.0%) 18 (34.0%)
History of tuberculosis treatment' .30
No 635 (80.9%) 150 (19.1%)
Yes 94 (75.2%) 31 (24.8%)
Unknown 21 (84.0%) 4 (16.0%)
Maternal viral load <.01
Mother with HIV, viral load <1000 copies/mL 270 (83.9%) 52 (16.1%)
Mother with HIV, viral load >1000 copies/mL 16 (59.3%) 11 (40.7%)
Mother HIV status or viral load unknown 464 (79.2%) 122 (20.8%)
Child/adolescent experienced side effects® .62
No 579 (79.9%) 146 (20.1%)
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Table 1. Continued

Viral Load <1000 Copies/mL (n = 750) Viral Load >1000 Copies/mL (n = 185) P
Yes 171 (81.4%) 39 (18.6%)
Doses of ART missed in past month!' <.001
None 670 (81.6%) 151 (18.4%)
1-2 53 (779%) 15 (22.1%)
3+ 27 (58.7%) 19 (41.3%)
Clinic support group participation™ .26
Child <13 years 419 (80.7%) 100 (19.3%)
Attends 224 (775%) 65 (22.5%)
Does not attend 107 (84.3%) 20 (15.7%)
Community support group participation” .68
Child <13 years 419 (80.7%) 100 (19.3%)
Attends 23 (85.2%) 4 (14.8%)
Does not attend 308 (79.2%) 81 (20.8%)
Engaged in revenue-generating activity® .59
No 193 (81.4%) 44 (18.6%)
Yes 557 (79.8%) 141 (20.2%)
Household in urban or rural area® A3
Urban 233 (81.2%) 54 (18.8%)
Peri-urban 55 (71.4%) 22 (28.6%)
Rural 462 (80.9%) 109 (19.1%)
Level of care delivery® <.01
Level 1 health facility 124 (71.3%) 50 (28.7 %)
Level 2 health facility 97 (77.6%) 28 (22.4%)
Level 3 health facility 529 (83.2%) 107 (16.8%)

Data are presented as n (row %). Bold indicates significance at P < .05. Pearson’s chi-square and Wilcoxon rank-sum tests were used to compare participants with viral load <1000 copies/
mL and those with viral load >1000 copies/mL. P values were not corrected for multiple-hypothesis testing. Facilities participating in this study include Kombewa, Manuyanda, Rodi,
Kericho District Hospital, Bomet Health Centre, Sotik Health Centre, Kapkangani Health Centre, Kurangurik Dispensary, Sosiot Health Centre, Enoosaen Health Centre, Ndanai, Kipketer
Dispensary, and Kabiyet Health Centre. Abbreviations: ABC, abacavir; ART, antiretroviral therapy; AZT, azidothymidine (zidovudine); DTG, dolutegravir; HIV, human immunodeficiency virus;
INSTI, integrase strand transfer inhibitor; MHRE Military HIV Research Program; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor;
PEPFAR, US President’'s Emergency Plan for AIDS Relief; PI, protease inhibitor; TB, tuberculosis; TDF, tenofovir; TLD, tenofovir/lamivudine/dolutegravir; TLE, tenofovir/lamivudine/efavirenz;
WHO, World Health Organization; 3TC, lamivudine.

“Current ART regimen: ART regimen was obtained through medical and pharmacy record abstraction and grouped by common regimen/regimen backbone.

°n = 4 on ABC/3TC/DTG.

°n =2 on AZT/3TC/DTG.

9ART class: ART class was derived from ART regimen data obtained through medical and pharmacy record abstraction.

*Number of referrals: Participants’ referral history was obtained through medical record abstraction of referrals for services including TB treatment, adherence counseling, nutrition support,
inpatient care, mental services, psychosocial support, social support services, disclosure counseling, or other services not otherwise specified; the number of any referral services were
totaled by participant and categorized by quartile.

‘Number of referrals for adherence counseling: Adherence counseling referrals were obtained through medical record abstraction; the number of adherence counseling referrals were totaled
by participant and categorized by quartile.

SWHO clinical stage: WHO staging was obtained through medical record abstraction at the most recent clinical care visit.

"Nutritional status: Nutritional status was obtained through medical record abstraction at most recent clinical care visit and categorized according to the WHO classification scheme for
malnutrition.

'History of TB treatment: History of having ever received TB treatment was obtained through medical record abstraction.

'Maternal viral load: Most recent maternal viral load was obtained through medical record abstraction where available; maternal viral load was categorized as viral load <1000 copies/mL, viral
load >1000 copies/mL, or maternal HIV status or viral load unknown if maternal viral load was unknown/unavailable.

“Ever experienced side effects: Participants 18-19 years, caregivers if the participant was younger than 13 years, and both caregivers and participants if the participant was between 13
and 17 years old were asked if they/the child had ever experienced side effects as a result of ART treatment; for participants 13-17 years, the caregiver response was taken as the primary
response; however, if the caregiver response was missing, the participant response was utilized.

'Doses of ART missed in the past month: Adolescents aged 18-19 years, caregivers if the participant was younger than 13 years, and both caregivers and participants if the participant was
between 13 and 17 years were asked how many self-reported doses of ART medication they/the child had missed over the last month; responses were categorized into none, 1-2, or 3 or
more missed ART doses in the past month; for participants aged 13-17 years, the caregiver response was taken as the primary response; however, if the caregiver response was missing,
the participant response was utilized.

MClinic support group participation: Children and adolescents 13-19 years were asked if they participate in a support group at the clinic; children under age 13 were considered too young to
participate as disclosure in this age group was not required for enroliment.

"Community support group participation: Children and adolescents 13-19 years were asked if they participate in an HIV treatment support group in their community; children under age 13
were considered too young to participate as disclosure in this age group was not required for enroliment.

°Engaged in revenue-generating activity: Adolescents 18-19 years, caregivers if the participant was younger than 13 years, and both caregivers and participants if the participant was be-
tween 13 and 17 years were asked whether they are currently involved in revenue generating activity; for participants aged 18-19 years old, the participant’s revenue-generating activity
status was utilized while for participants younger than 18, the caregiver’s revenue generating activity status was utilized.

PHousehold in urban or rural area: Adolescents 18-19 years and caregivers if the participant was younger than 18 years were asked if their household was in an urban, peri-urban, or rural area.

9Level 1 health facility: Community facilities run by certified healthcare providers. Major roles are to treat minor ailments and issue referral letters to other facilities. Examples of activities
are TB screening, contact tracing of TB patients and TB defaulters, screening for malnutrition, malaria rapid test, blood pressure and blood sugar testing, HIV testing services, and health
talks. Level 2 health facility: Health dispensaries run by clinical officers (those in the cities also act as level 3 health facilities). Services include general outpatient as well as antenatal and
postnatal services, no in-patient services. Level 3 health facility: Health centers (smaller hospitals) led by a nurse, a clinical officer, or at least with 1 medical officer. Services include mater
nity and in-patient services, antenatal and postnatal services, curative, laboratory, dental, and pharmacy. Level 4 health facility: County hospitals run by a director who is a medic, a doctor
by profession. They offer more holistic services—as in level 3.
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Table 2. Prevalence of Viral Suppression Among Children and
Adolescents Attending MHRP/PEPFAR-Supported Antiretroviral Treatment
Programs in Kenya

Prevalence of Viral Load <1000
Copies/mL (95% Cl)

Overall .80 (.78-.83)
Age group
1-9 years .82 (.77-.86)
10-14 years .78 (.74-.82)
15-19 years .81 (.76-.85)
Duration on ART
6-12 months .70 (.48-.85)
13-24 months .71 (.69-.82)
>24 months .81 (.78-.84)
First- vs second-line ART
First line .83 (.80-.86)
Second line .75 (.70-.79)

Viral suppression was defined using WHO criteria as a viral load <1000 copies/mL. The
prevalence of viral suppression was estimated using the Wilson score method and reported
with 95% Cls in the overall sample, and by age group and duration on ART. Abbreviations:
ART, antiretroviral therapy; Cl, confidence interval; MHRP Military HIV Research Program;
PEPFAR, US President’'s Emergency Plan for AIDS Relief; WHO, World Health Organization.

also had caregivers with a nonsuppressed maternal VL; however,
failed maternal VS represented only 3% of the study population,
limiting impactful conclusions. Family-centered, program-level
interventions to improve parent-child VS are currently being
implemented to eliminate this discordance.

This study demonstrates high compliance with recom-
mended first-line regimens. In the unadjusted model, TLE and
TLD were associated with successful VS, and in the adjusted
model, INSTI-based regimens were associated with VS [17, 21,
22]. The small number on INSTI-containing regimens, often in
newly treated patients, likely reflects an emerging effort to opti-
mize regimens for adolescents, as described in the new clinical
guidelines [23]. As DTG use increases in ART experienced and
naive CAHIV in SSA, more data will be available on its effec-
tiveness and safety in this population, but these findings offer a
positive perspective.

A high proportion of unsuppressed participants had ev-
idence of HIVDRM. In a similar study examining adults en-
rolled at PEPFAR sites in Uganda, Kenya, Tanzania, and
Nigeria, 82.5% of ART-experienced participants with a VL of
more than 1000 copies/mL demonstrated at least 1 HIVDRM
[16]. The class and individual drug mutations were similar be-
tween the 2 studies, with mutations associated with NNRTI
resistance being the most common, followed by mutations as-
sociated with NRTT and PI resistance [16]. The concern that
children are at higher risk for mutations was not apparent when
comparing these 2 populations with similar available healthcare
resources. Interestingly, although resistance rates were similar,
the adult population had a lower rate of failed VS at 12% versus
20% [16]. Disparities in pediatric suppression rates compared
with adults in low- to middle-income countries were identified

in a 2016 meta-analysis [24]. The acquired drug-resistance pat-
tern in our study was similar to a WHO literature review in chil-
dren around the world [25]. No discernable pattern in NNRTI
or NRTI resistance emerged from the small number of partici-
pants on INSTI regimens with high VL. Additional analyses of
the HIVDRMs in this population will be the subject of future
analyses.

The correlation between ART adherence, resistance, and VS
is well documented [26]. This study showed a correlation be-
tween failed VS and number of missed doses of ART per month.
Traditionally, the benchmark for ART adherence to provide the
greatest chance for VS is 95%. This has been challenged within
the last 10 years given new classes of drugs, newer generations of
PIs and NNRTTs, and novel drug combinations [27]. Although
94% of caregivers in our population reported that their child
had received at least 93% of their required doses, self- or care-
giver reports of adherence tend to overestimate actual adher-
ence 28, 29].

Factors related to nonadherence to ART are complex and
multifactorial. The child’s behavioral and cognitive maturity;
clinical status; the child’s primary caregivers’ physical and psy-
chosocial health, biological relationship, cultural beliefs, and
financial status; and the child’s surrounding cultural and social
climate impact adherence [30]. Other factors related to ART
nonadherence include conduct, learning and hyperactivity
problems, length of time on ART, food insecurity, religion, drug
formulation, and age of the patient [31-33]. These factors can
persistently affect adherence despite interventions from trained
professionals, and participants who had multiple referrals to ad-
herence counseling due to nonadherence were less likely to have
VS. Lack of benefit from adherence counseling has been shown
in other studies [5]. Adherence counseling techniques and strat-
egies may require modification to identify the root cause of
nonadherence. Current Kenyan guidelines on adherence coun-
seling for those who fail therapy describe a thorough review on
identifying barriers to adherence, mental health screening, case
management, home visits, and directly observed therapy [23]. It
is unclear whether each site has the resources for such extensive
adherence counseling and is potentially alluded to by the asso-
ciation of VS with those who have access to more resource-rich
level 3 healthcare facilities. Differentiated care models in special-
ized adolescent clinics have, in some circumstances, been shown
to improve VS by utilizing a client-centered approach and ad-
dressing gaps and unmet needs specific to adolescents [20]. In a
study by Zanoni et al [20], a specialized weekend clinic only for
adolescents aimed at de-stigmatizing, increasing peer support,
and reducing absences from school showed higher retention and
VS rates. The high number of adherence counseling sessions in
those who fail therapy may not reflect a lack of adherence coun-
seling effectiveness, as Kenya requires 3 adherence counseling
sessions for anyone prior to ART regimen switching [23]. Given
the high rate of HIVDRMs among treatment failures seen in this

Correlates of Viral Suppression in Kenya « CID 2022:75 (15 September) o 941



Table 3. Factors Associated With Viral Suppression (Viral Load <1000
Copies/mL) Among Children and Adolescents Attending MHRP/PEPFAR-
Supported Antiretroviral Treatment Programs in Kenya

PR (95% ClI) aPR (95% Cl)

Sex

Male Ref Ref

Female .99 (.94-1.06) .99 (.93-1.06)
Age

1-9 years Ref Ref

10-14 years .96 (.89-1.03) .94 (.87-1.02)

15-19 .99 (.92-1.08) .96 (.88-1.05)
Duration on ART

24 months or less Ref Ref

>24 months 1.14 (.98-1.32) 1.22 (1.06-1.41)
Current ART regimen

ABC/3TC backbone Ref

AZT/3TC backbone .88 (.80-.97)

TDF/3TC backbone .86 (.73-1.01)

TLD
TLE

Duration on current regimen >6
months

1.19 (1.12-1.27)
1.07 (.99-1.16)

No Ref
Yes .97 (.89-1.05)
Current ART class
NRTI/NNRTI Ref Ref
NRTI/PI .91 (.85-.98) .91 (.84-.98)

INSTI-containing
First- vs second-line ART

1.13 (1.05-1.22)

1.13 (1.02-1.26)

First line Ref
Second line .90 (.84-.97)
Number of adherence counseling
referrals (quartiles)
0-2 Ref Ref
3-7 .91 (.84-.99) .90 (.83-.97)
8-13 .94 (.87-1.02) .89 (.82-.97)
14+ .88 (.80-.96) .84 (.77-.92)
Current WHO clinical stage
| Ref
Il 94 (.88-1.02)
I .96 (.89-1.04)
\% 90 (.70-1.17)
Unknown 91 (.77-1.07)
Current nutritional status
No malnutrition Ref Ref
Moderate/severe malnutrition .91 (.74-1.13) .87 (.71-1.06)
Unknown .81 (.67-.99) .79 (.66-.95)
History of TB treatment
No Ref
Yes .93 (.84-1.03)
Unknown 1.04 (.87-1.24)
Maternal viral load (copies/mL)
Mother with HIV, viral Ref Ref
load <1000
Mother with HIV, viral .71 (.562-.97) .72 (.563-.98)
load >1000
Mother HIV status or viral load .94 (.89-1.01) .93 (.87-.99)
unknown
Ever experienced side effects
No Ref

Table 3. Continued

PR (95% Cl) aPR (95% Cl)
Yes 1.02 (.95-1.10)
Doses of ART missed in the past
month
None Ref Ref
1-2 .96 (.84-1.09) .96 (.84-1.09)
3+ .72 (.56-.92) .73 (.58-.92)
Clinic support group participation
Child <13 years Ref
Attends .96 (.89-1.03)
Does not attend 1.04 (.96-1.14)
Community support group par
ticipation
Child <13 years Ref
Attends 1.06 (.90-1.24)
Does not attend .98 (.92-1.05)
Engaged in revenue generating
activity
No Ref
Yes .98 (.91-1.05)
Household in urban or rural area
Urban Ref
Peri-urban .88 (.76-1.02)
Rural 1.00 (.93-1.07)
Level of care delivery
Level 1 health facility Ref Ref
Level 2 health facility 1.09 (.95-1.24) 1.08 (.94-1.23)

Level 3 health facility 1.17 (1.06-1.29) 1.23 (1.11-1.36)

Bold indicates significance at P < .05. P values were not corrected for multiple-hypothesis
testing. Generalized linear models with a Poisson distribution and robust standard errors
were used to estimate unadjusted and aPRs and 95% Cls for associations between
sociodemographic and clinical factors and viral suppression. Unknown categories were
retained for inclusion in the models; then, observations were restricted to those with com-
plete case data. Individual-level predictors determined to be significant (a = .05) in the
unadjusted models along with predictors identified based on a priori and clinical knowledge
of the study setting were included in the fully adjusted model. Predictors identified a priori
included sex, age, duration on ART, and current nutritional status. Additional predictors
identified in bivariate analyses included current ART regimen and class, number of adher
ence counseling referrals, maternal viral load, number of ART doses missed in the past
month, and level of care. Current ART regimen was left out of the adjusted model due to
redundancy with current ART class. Engagement in revenue-generating activity was as-
sessed as a potential confounder between nutritional status and viral suppression. Using a
threshold of a 10% change in coefficient, engagement in revenue-generating activity was
determined to not be confounding the relationship between nutritional status and viral
suppression and was left out of the adjusted model. Abbreviations: ABC, abacavir; aPR,
adjusted prevalence ratio; ART, antiretroviral therapy; AZT, azidothymidine (zidovudine); CI,
confidence interval; HIV, human immunodeficiency virus; INSTI, integrase strand transfer
inhibitor; MHRP, Military HIV Research Program; NNRTI, non-nucleoside reverse transcrip-
tase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; PEPFAR, US President's
Emergency Plan for AIDS Relief; PI, protease inhibitor; PR, prevalence ratio; Ref, reference;
TB, tuberculosis; TDF, tenofovir; TLD, tenofovir/lamivudine/dolutegravir; TLE, tenofovir/
lamivudine/efavirenz; WHO, World Health Organization; 3TC, lamivudine.

study; it is reasonable to be concerned that, in a setting that lacks
routine access to HIVDRM testing, these mandatory counseling
sessions may delay transition to a more optimized therapy, in the
absence of clearly identified root causes and evidence that these
sessions will improve adherence. Particularly for those adoles-
cents for whom adherence remains challenging, further study of
the effectiveness of long-acting injectable ART may ultimately
provide a useful alternative [34].

Interventional trials that investigate ways to improve ad-
herence within Africa are lacking. This observational study
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Frequency of NNRTI, NRTI, and PI resistance mutations among participants with viral load >1000 copies/mL. Plasma samples from participants with viral load

>1000 copies/mL underwent sequencing of the Pol region using a laboratory-validated modification to the ViroSeq HIV-1 Genotyping System v2.0 (Abbott Molecular, Chicago,
IL). Sequences were evaluated for major mutations conferring resistance to NRTIs, NNRTIs, and Pls using the SmartGene Integrated Database Network System (SmartGene,
Zug, Switzerland) to access mutation lists from the Stanford HIV Drug Resistance Database version 8.8.0 (Stanford University, Stanford, CA). The prevalence of specific drug-
resistance mutations and categories of drug-resistance mutations were calculated by dividing the number of participants with 1 or more mutations by the total number of
participants genotyped. Abbreviations: NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; PI, protease inhibitor.

provides inconclusive evidence of program or community
interventions, such as support groups or adherence counseling,
positively affecting VS, and well-designed interventional trials
are needed for more definitive conclusions. Nonetheless, these
results are in line with a meta-analysis of different types of ad-
herence interventions in pediatric patients with chronic disease
showing that educational interventions had a very small effect
size (d = 0.16) [35].

Limitations of this study include its cross-sectional nature
and the inability to follow VS, resistance patterns, and ART
regimens over time; thus, findings are associations and not
causal. Additional longitudinal data are needed to determine

CRF10_CD, 1.4%

Other, 2.1%

D, 7.5%

C,6.2%

A1D, 6.9%

A, 76.0%

Total=146

Figure 2.  HIV-1 subtypes. HIV-1 subtype was inferred from the consensus evolu-
tionary tree from SmartGene Integrated Database Network System, which utilizes
the neighbor-joining method in MEGA4 software. The evolutionary distances were
computed using the maximum composite likelihood method in units of the number
of base substitutions per site. The tree was then generated by the neighbor-joining
method from a nucleotide alignment. Abbreviations: CRF, circulating recombinant
form; HIV, human immunodeficiency virus.

the direction of the associations observed. This study lacked
an assessment of weight-based dosing that can lead to failed
VS or poor adherence if not routinely addressed at regular
clinic visits. Although the number of participants on INSTI-
based regimens was relatively small, integrase resistance
testing would have been informative and should become
part of standardized testing now that DTG use is becoming
widespread. Measurements of adherence were based solely
on caregiver or participant recall rather than more objective
measures such as pill count. The exclusion of adolescents who
were unaware of their HIV status may have excluded a popu-
lation at high risk for nonadherence. Last, this population was
drawn from those attending MHRP/PEPFAR-supported ART
programs and may not represent the larger local or national
population.

Conclusions

This study demonstrated 80% VS prevalence among CAHIV
in Kenya. While it is hopeful that increased use of INSTI-
containing regimens will improve suppression at the popu-
lation level, the continued interplay between HIV resistance
and adherence observed in this study merits close program
monitoring. Current HIV treatment programs should develop
targeted interventions for pediatric patients at high risk for
treatment failure, such as those with a caregiver with failed VS
and those struggling with adherence. By identifying those at
higher risk, better patient-centered assistance can be provided.
Further research into the effectiveness of adherence counseling
and the policies mandating its use should be explored. In addi-
tion, resources across healthcare facilities should be examined
to ensure care can be provided that matches current guideline
recommendations. This study also serves as a baseline to dem-
onstrate impact on VS as Kenya continues to transition children
to INSTI-containing first-line regimens.
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