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Human Immunodeficiency Virus Infection in
Adolescents and Mode of Transmission in Southern
Africa: A Multinational Analysis of Population-Based
Survey Data
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Background. Adolescents aged 10-19 years living with human immunodeficiency virus (HIV) (ALHIV), both perinatally in-
fected adolescents (APHIV) and behaviorally infected adolescents (ABHIV), are a growing population with distinct care needs.
We characterized the epidemiology of HIV in adolescents included in Population-based HIV Impact Assessments (2015-2017) in
Zimbabwe, Malawi, Zambia, Eswatini, and Lesotho.

Methods. Adolescents were tested for HIV using national rapid testing algorithms. Viral load (VL) suppression (VLS) was de-
fined as VL <1000 copies/mL, and undetectable VL (UVL) as VL <50 copies/mL. Recent infection (within 6 months) was measured
using a limiting antigen avidity assay, excluding adolescents with VLS or with detectable antiretrovirals (ARVs) in blood. To deter-
mine the most likely mode of infection, we used a risk algorithm incorporating recency, maternal HIV and vital status, history of

sexual activity, and age at diagnosis.
Results.

HIV prevalence ranged from 1.6% in Zambia to 4.8% in Eswatini. Of 707 ALHIYV, 60.9% (95% confidence interval,

55.3%-66.6%) had HIV previously diagnosed, and 47.1% (41.9%-52.3%) had VLS. Our algorithm estimated that 72.6% of ALHIV
(485 of 707) were APHIV, with HIV diagnosed previously in 69.5% of APHIV and 39.4% of ABHIV, and with 65.3% of APHIV and
33.5% of ABHIV receiving ARV treatment. Only 67.2% of APHIV and 60.5% of ABHIV receiving ARVs had UVL.

Conclusions.

These findings suggest that two-thirds of ALHIV were perinatally infected, with many unaware of their status. The

low prevalence of VLS and UVL in those receiving treatment raises concerns around treatment effectiveness. Expansion of oppor-

tunities for HIV diagnoses and the optimization of treatment are imperative.
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With the scale-up in pediatric antiretroviral (ARV) treatment
(ART) in sub-Saharan Africa, the number of children perina-
tally infected with human immunodeficiency virus (HIV) who
reach adolescence has increased. However, adolescents aged
10-19 years living with HIV (ALHIV) have increasing mortality
rates, owing to inadequate case finding and high rates of treat-
ment attrition [1-4]. Accurate estimates of ALHIV are critical
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for health service planning, particularly in southern and eastern
Africa, where 60% of ALHIV reside [2, 5, 6]. Improved efficacy
of ART for prevention of vertical transmission and pediatric
care has changed some of the modelling parameters, suggesting
that further evidence is needed for refining estimates [3, 7].
Classifying ALHIV as adolescents with behavioral infection
(ABHIV) or with perinatal HIV infection (APHIV) is important for
accurately describing the epidemiology in ALHIV and for appropriate
targeting of services; ALHIV have different clinical and psychosocial
needs, depending on the mode of transmission. Untreated APHIV are
likely to have multiple comorbid conditions, including chronic lung
disease and stunting [8-12]. Furthermore, while mortality rates are
high among HIV-positive infants [3], studies have revealed large num-
bers of APHIV who are identified only as a result of acute illness [9].
The Population-based HIV Impact Assessments (PHIAs)
were national surveys designed to measure HIV-related
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indicators. These household-based surveys provide an oppor-
tunity to evaluate HIV outcomes in adolescents and to identify
APHIV who have survived into adolescence without treatment
and those lost to care. We aimed to estimate the number of
ALHIV in Malawi, Eswatini, Zimbabwe, Zambia, and Lesotho,
some of the countries with the highest HIV burdens, describe
their virologic and immune outcomes, and assess probable
modes of HIV acquisition.

METHODS

Survey Design and Participants

PHIAs in Malawi, Eswatini, Zimbabwe, Zambia, and Lesotho
were conducted in each country between 2015 and 2017. All
PHIAs used a 2-stage sampling design to select a nationally rep-
resentative sample and were powered to achieve precision with
a relative standard error of 30% around a national estimate of
HIV incidence in adults (aged 15-49 years). Further details are
available in Supplementary Appendix 1.

Consenting heads of households completed a household
roster of members and questionnaire. Biological parents were
linked to their children (aged 0-17 years) through the roster,
and absent or deceased parents were recorded. Adolescents
aged 18-19 years were linked to their cohabitating parents via
the household roster, but parental vital status was not collected
[13]. Each household member provided consent to participate
in an interview and to HIV testing. A guardian or parent pro-
vided permission for interviewers to approach children aged
10-17 years who provided assent. The PHIA protocol was ap-
proved by ethics committees in each country and the institu-
tional review boards at Columbia University and the US Centers
for Disease Control and Prevention.

Procedures

Staff administered questionnaires using Google Nexus 9 tab-
lets. Older adolescent participants (aged 15-19 years) answered
an adult questionnaire, including questions on sexual beha-
vior and clinical history. Young adolescent participants (aged
10-14 years) answered the adolescent questionnaire, which
covered sexual history, everywhere but Malawi. Parents or legal
guardians provided information on young adolescents’ clinical
history.

Rapid HIV testing was conducted according to each
country’s national algorithm. Depending on the country’s
guidelines on age of consent for HIV testing, the results were
either returned directly to the adolescent, or to their parent/
guardian [14]. CD4 cell counts were measured using the
PIMA CD4 Analyzer (Abbott Laboratories). HIV-seropositive
results were verified using the Geenius HIV-1/2 supplemental
assay (Bio-Rad Laboratories). HIV-1 RNA was measured in
plasma, or in dried blood spot (DBS) samples if plasma was
unavailable, with real-time polymerase chain reaction using
the CobasTagMan (Roche Diagnostics) or the Abbott M2000

(Abbott Laboratories) platform. Viral load (VL) suppression
(VLS) was defined as VL <1000 copies/mL, per the World
Health Organization definition [15], p 480. We classified VL
<50 copies/mL as undetectable VL (UVL) for plasma samples,
and we excluded DBS samples owing to the lower limit of de-
tection of 400 copies/mL [16].

Qualitative screening for the 3 most commonly used ARVs
with long half-lives—efavirenz, nevirapine, and lopinavir—was
conducted on DBS specimens, using high-performance liquid
chromatography coupled with tandem mass spectrometry [17].
Atazanavir was tested for in Malawi and Zambia. ARV detec-
tion was performed at the University of Cape Town, South
Africa. Recent infection was defined using the HIV-1 Limiting
Antigen-Avidity EIA (Sedia Biosciences), in which specimens
with a median normalized optical density < 1.5, a VL >1000
copies/mL, and no detectable ARV were classified as recent in-
fection (within the past 6 months) [18].

Classification of Mode of Infection

The most likely mode of HIV acquisition was classified using a
risk algorithm whereby participants were classified as ABHIV
using the following sequence: (1) if they tested as recently in-
fected; (2) if not, if their biological mother tested HIV negative
during the survey; and (3) if neither or unknown, if they re-
ported sexual activity before HIV diagnosis. Remaining parti-
cipants were further classified as APHIV based on 2 criteria: if
they reported their HIV diagnosis or initiation into care before
the age of 15 years (criterion 1) and if older adolescents (aged
15-19 years) had a biological mother who tested HIV positive
during the survey or who was reported as deceased by the head
of household, or, if maternal data were missing, if the partici-
pant reported never having been sexually active (criterion 2).

Statistical Analyses

We included adolescents with HIV test results. Design weights
were calculated based on sampling design, including probabil-
ities of household and individual selection that were adjusted for
nonresponse at the household, individual, and biomarker levels.
The final adjustment calibrated the nonresponse-adjusted indi-
vidual and biomarker weights to make the sum of each set of
weights conform to the national population total by 5-year age
groups and sex distribution of the most recent national popula-
tion projections. This calibration was used to estimate the total
number of ALHIV in each country. The Joint United Nations
Programme on HIV/AIDS (UNAIDS) provided Spectrum es-
timates of ALHIV population size and mode of acquisition for
the survey years, which were generated using models based on
program data on HIV prevalence in women of childbearing age,
pregnant women receiving prophylaxis, and ART coverage in
children [19]. Supplementary Appendix 1 provides information
on a sensitivity analysis done to compare our results with those
of another algorithm estimating mode of acquisition [20].
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Analyses were conducted with Stata software, version 15.1,
using weighted data, with jackknife replicate weights for variance
estimation. All presented proportions are weighted, whereas nu-
merators and denominators are unweighted. Comparisons be-
tween weighted pooled averages were performed using Student ¢
tests. ALHIV were classified as having a previous diagnosis if they
or their guardian reported their HIV-positive status or if they
tested positive for ARVs; they were also classified as receiving
ART based on self-report or guardian report of current ART, or if
they had detectable ARV in the blood [21].

RESULTS

Overall, 109 970 adults and children were enrolled, including
24 805 adolescents. Unweighted response rates among adoles-
cents ranged from 69.3% in Malawi to 87.7% in Eswatini (Table
1). The lowest adolescent HIV prevalence was in Zambia (1.6%;
95% confidence interval [CI], 1.3%-2.0%) and the highest in
Eswatini (4.8%; 3.9%-5.7%). Prevalence was higher in older
adolescents in every country except Malawi (Figure 1A). One-
third of adolescents (31.3%) reported sexual activity, with no
difference by sex. Of adolescents with data on parental vital
status, 9.0% (2026 of 18 364) had deceased mothers, 16.5%
(3773 0f 17 920) had deceased fathers, and 4.2% (1029 of 17 884)
were orphans, with both parents deceased. HIV prevalence was
significantly higher in orphans (9.5%) than in those with >1
living parent (1.8%; P < .001). The data predicted 262 000 (95%
CI, 233 000-291 000) ALHIV across the 5 countries, which is
within UNAIDS plausibility bounds (PBs), with the highest
number in Zimbabwe (Table 2).

Most ALHIV had HIV previously diagnosed (60.9%; 95% CI,
55.3%-66.6%) (Table 1). Zambia had the lowest proportion of
prior diagnoses (40.0%; 95% CI, 29.2%-50.8%), and Eswatini the
highest (77.8%; 70.8%-84.8%), translating into a total of 100 000
ALHIV (81 000-118 000) with undiagnosed HIV across the 5
countries. Of those with diagnosed HIV, 91.6% reported re-
ceiving ART or had detectable ARV levels. The median reported
age at ART initiation was 9 years (interquartile range, 6-13 years;
n = 332); 19.5% had initiated ART before 5 years of age, 32.2%
between 5 and 9 years, and 48.3% at >10 years. Half of ALHIV
had detectable ARV levels (51.2%), a proportion was signifi-
cantly higher among young adolescents than among older ones
(57.7% vs 45.9%, respectively; P < .001). The most common ARV
detected in young adolescents was nevirapine (29.9%), whereas
more older adolescents were receiving efavirenz (37.1%); 1.2%
were receiving a protease inhibitor-based regimen. Almost 1 in 5
ALHIV who were reported as having undiagnosed HIV (17.2%;
60 of 290) (Table 1) had detectable ARVs, while of those who re-
ported being untreated, 16.3% (63 of 322) had detectable ARVss.

Fewer than half of ALHIV had VLS (47.1%; 95% CI, 41.9%—
52.3%), with young adolescents slightly more likely to have
VLS (52.6%; 42.9%-62.2%) (Figure 2) than older adolescents
(42.6%; 36.9%-48.3%; P = .10). The proportion of ALHIV with

VLS was lowest in Zambia (36.2%; 95% CI, 25.5%-46.9%) and
highest in Lesotho (57.6%; 48.1%-67.1%). Only one-third of
ALHIV (36.9%; 95% CI, 31.9%-42.0%) had a UVL. Overall,
73.8% (95% CI, 67.0%-80.7%) of those reporting ART use had
VLS (young adolescents, 68.7% [56.6%-80.8%]; older adoles-
cents, 78.9% [72.8%-84.9%]). Only two-thirds with detectable
ARV levels had a UVL (66.1%; 95% CI, 58.7%-73.5%); this was
lowest in Malawi, where only 56.7% (35.8%-77.6%) of those
with detectable ARV levels overall, and fewer than half of young
adolescents (48.7%; 21.2%-76.2%) had a UVL, although sample
sizes were small for these populations.

Estimates of the Burden of Perinatal Infection
Of 707 ALHIV, 35.9% (n = 254) had a reliable maternal HIV re-
sult, and sexual history was collected in 84.0% (n = 594). Overall,
22 (3.1%) were classified as having recent infection (Figure 3).
Of the remaining ALHIV, 50 had mothers with an HIV-negative
result, and 142 reported sexual activity before receiving an HIV
diagnosis, all of whom were aged 15-19 years. This amounted
t0 26.7% (n = 214) of ALHIV categorized as ABHIV, including
7 young adolescents. Of the 493 remaining ALHIV, 338 received
an HIV diagnosis before the age of 15 years (APHIV criterion
1), which gives a weighted proportion of APHIV of 55.4%.
Using additional criteria in the remaining ALHIV whose
HIV was not diagnosed before age 15 years, 54.8% (85 of
155) had a mother who tested positive or was deceased, and
88.6% (62 of 70) reported never having sex. This algorithm
estimated a weighted proportion of 72.6% of ALHIV (485 of
707) being perinatally infected, or approximately 190 000 (95%
PB, 164 000-216 000) adolescents, with previous diagnoses in
69.5% of APHIV and 39.4% of ABHIV. The proportion of in-
fections classified as perinatal was significantly higher in boys
than in girls (88.2% [235 of 268]) vs 61.9% [250 of 439], re-
spectively; P < .001). The highest prevalence of perinatal in-
fection was in young male adolescents in Eswatini (4.6%; 95%
CI, 2.8%-6.5%), and the lowest in older female adolescents in
Malawi (0.5%; .1%-.9%) (Figure 1B). The proportion of ALHIV
who were APHIV was similar to cumulative Spectrum esti-
mates (Table 2), although these proportions varied within each
country. These results were very similar to estimates generated
using the comparison algorithm (Supplementary Appendix, p
2, and Appendix Figure 1).

Treatment Outcomes by Estimated Mode of Transmission

Using criterion 2, 69.8% of APHIV (368 of 473) and 40.5% of
ABHIV (95 of 222) had previously diagnosed HIV (P < .001);
in 68.7% of APHIV (341 of 473), HIV was undiagnosed or
diagnosed at age >10 years. These criteria estimated that
55 000 (95% PB, 40 000-71 000) APHIV had undiagnosed
HIV. Overall, 65.3% (95% CI, 58.6%-72.0%) of APHIV and
33.5% (24.7%-42.2%) of ABHIV reported ART use (P < .001),
and in those with previously diagnosed HIV, ART use was
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significantly higher in APHIV (93.6%; 95% CI, 89.8%-97.4%) (95% CI, 55.2%-70.9%) of APHIV and 51.9% (34.8%-68.9%)
than in ABHIV (82.7%; 72.1%-93.3%) (Table 3). The median of ABHIV had UVL, with slightly higher proportions in those
age (interquartile range) at ART initiation was 9 (5-11) years with detectable ARV levels.

for APHIV and 15 (11-17) years for ABHIV. There was no dif-
ference by mode of transmission in detection of ARV levels in
those reporting ART use (P = .47). VLS was seen in 53.2% of
APHIV (95% CI, 46.7%-59.7%) and 30.8% of ABHIV (22.8%- This is the first study to provide estimates of the number
38.7%; P <.001). Of those classified as being on ART, 63.0% of undiagnosed ALHIV in several high-burden countries,

DISCUSSION
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Figure1. A Human immunodeficiency virus (HIV) prevalence by age, sex, and country in adolescents aged 10—-19 years in the southern African Population-based HIV Impact
Assessments (PHIAs), 2015-2017. Data are weighted estimates and include jackknife estimates of variance; bars represent 95% confidence intervals (Cls). B, Prevalence
of perinatally acquired HIV by age, sex, and country in adolescents aged 10—19 years in the southern African PHIAs, 2015-2017. Data are weighted estimates and include
jackknife estimates of variance. Perinatal classification was based on criterion 2 of the mode of transmission algorithm. Colored bars indicate 95% Cls.

HIV in Adolescents in Southern Africa « CID 2021:73 (15 August) « 599



"aA1}0B Aj[eNX8s Usaq Buiney Jersu parodai juedionied syl ji ‘BUISSIL 81om elep

|eusalew JI 1o ‘pjoyesnoy Jo pesy oyl Aq pesesdap se paliodas sem oym 10 AeAIns oyl Bulinp aAIsod AlH pPa1sel oym Jayioul [ed1B0ojoIg B YLM SP|o-IBSA-6L—G| 9S0Ul A|HdY Se Bullapisuod os|e AQ | UOLISLLO UO Sp|ING Z Uouall) "sieah G| o abe ay) a104eq
91e0 01Ul UoNEIIUI IO SIsoubelp AH Jisyl pauiodas oym pue ‘sisoubeip AlH Jisyl 810 xas 110dal Jo Jaylow sAlebau-A|H ue 8AeY Jou pip ‘Aesse Alpiae usbiiue Buniwi| |-A|H Ue yum pa1osjul Ajjusdal se 1s8l 10U pip oym siuedioiied sepnjoul | Uous1l)),

"POOIq U3 Ul S[BJIACIIBIIIUR B|CBIOBIBP OU PBY OYM PUB SNielS 8ARISOT-AJH UMouy & Hodal 10U pip oym AJHTY 40 uoiiodoid ey} Wwoij paaLiap a1em AH pesoubelpun jo sejewins,

'810Z 48q010() Ul pelesousB e1em pue ‘oylosaT pue IUeMsT Ul /£|0Z PUE ‘BIqUIBZ PUE 'IME[JA '@MJequIZ Ul 910Z :UONa|duwod ASAINS JO JeaA woly ale selewnse wnioads SAIVNN,.

‘SAIV/AIH uo swiweibold

suoleN palun WIor ‘SAIVNN ‘Huswssassy joedw| AlH peseqg-uoneindod ‘viHd ‘punog Aujiqisneid ‘G4 ‘[eAlalul 82uspiuod ‘| ‘AIHTY Peiosiul Ajjereutiad AJHJY ‘(AIH) SNUA Adusiolepounwiul UewNy Y BUIAl SIUSISBI0PE ‘AJHTY :SUONRIASIqOY

(£8) 000 ¢6 (€6) 0009 (06) 000G (L£) 000 9L
(29) 000 L6 (¢£) 000L (#79) 000% (£€) 000 Gl
(#79) 000 89 (€£) 000G (#2) 0007 (6%) 000 OL
(6%) 000 £L (€9) 000G (67) 000€ (£2) 000 LL
(88) 000 ¢8 (#8) 000% (66) 0001 (08) 000 ¢z
(99) 000 08 (7¥) 000% (€¥) 000€ (67) 000 Lz

(000 811L-000 L8) 000 00L (0005-0002) 000% (000%-0002) 000€ (000 £¥-000 92) 000 L&

(000 L62-000 £€2) 000 ¢9¢ (000 61-000 1) 000 9L (000 ¥1-000 0OL) 000 L (000 ££-000 6%) 000 L9

(000 G0€-000 €91) 000 €€ (000 LZ-00€6) 000 7L (000 ¥71-009£) 000 LL (000 68-000 £¥) 000 £9

(68) 000 9¢
(29) 000 9¢

(8£) 000 €2
(99) 000 €2

(¥6) 000 €2
(69) 000 €2

(000 L7000 91) 000 82

(000 ¢6-000 LS) 000 LL

(000 L8-000 ¥¥) 000 €9

(€6) 000 O SIE
(££) 000 S slewo
(%) ,Z UOLBILIO :81eWNSS V|Hd
(09) 000 92 e
(09) 000 5€ dleuwla
(%) 5L UOLIBYID 181eWINS V|Hd
(68) 000 62 SIE
(79) 000 62 sjleway

(%) ,o1ewnse wnioads

(NHTV 118 40 %)
"0U ‘AIHdV Se PalIssed AIHTY
JO selewnsy
(1D %G6) ‘ou A|H pesoubelp
-un YM AJHTV 40 81ewinss v|Hd
(1D %S6) ou
AIHTV (€103 JO 81eWwnse V|Hd

o(8d) ‘ou
AIHTYV J0 8iewise wnioads

(000 £E-000 02) 000 8¢

(000 811000 #8) 000 LOL

(000 00L-000 SS) 000 8~

[e30L £102-910¢ oyioseT £102-910¢ luiemsy 910¢ elquiez

910¢-G10T IMefelN

9102-G10¢ emaequiiz uonejndod pajewnsy

L10Z-G10Z 'SI3poINI E:‘_uuvnm AIH/SAlY uo uEEmhmo._n_ suoijepn

pajun Julor pue ejeq Juawssassy Joedw) A[H paseg-uone|ndod uearyy wiaynog uo paseg (AIH) sniiA Asuarogapounww) uewny yum Buiar] sieap 6101 paby sjuaasajopy jo suonoaloid uonejndod -z ajqel

73 (15 August) « Lowetal

600 « CID 2021



including in adolescents with perinatal infection, based on
robust national data. We found that almost 40% of ALHIV
had not been previously diagnosed, most notably in Zambia,
where 60% were undiagnosed. Our algorithm also suggests
that 30% of those with perinatal infection were untreated
but had survived into adolescence. Furthermore, in most
ALHIV who were aware of their status, most HIV had had
been diagnosed after 10 years of age. The protracted scale-up
and expansion of early infant diagnosis services in many
resource-limited settings during the time when current ado-
lescents were infants meant many missed opportunities for
early testing [22].

For those children who survived into adolescence without
treatment, the lack of diagnosis could be attributed to limited
availability of testing in pediatric care or adolescent-friendly
testing services, as well as gaps in index testing of family
members of HIV-positive adults [23, 24]. Stigma and dis-
crimination by health facility staff often prevent young people
from accessing testing [4, 25]. The high level of discordance
between self-reported status and detectable ARV, which was
greater than in adults [21], likely reflects this stigma, and
merits further exploration. Providers are also reluctant to
offer testing to this age group, owing to legal issues around
consent and disclosure to parents [4, 14]. Finally, adolescents
overall have fewer encounters with health services than older
adults [26].

Retention in care has also been shown to be problematic in
adolescents [2, 7], and although >90% of ALHIV with previously

diagnosed HIV reported use of ART, the low rates of VLS re-
flect high rates of inadequate adherence. Significant challenges
remain in providing optimal pediatric HIV care, including the
limited number of pediatric care providers in resource-limited
settings, and complicated weight-based regimens [27]. The pro-
portion of young adolescents with unsuppressed VL but de-
tectable ARVs might also reflect acquired drug resistance, high
levels of which have been shown to be circulating in these coun-
tries, although few studies have focused on ALHIV [28, 29].
As seen in our data, the predominant pediatric ART regimens
continue to be nonnucleoside reverse-transcriptase inhibitor
based [27, 30], which have low barriers to resistance, particu-
larly nevirapine, which has higher rates of virologic failure than
efavirenz [31]. Rapid transition to more optimal ART regimens,
tailored adherence support, and timely management of elevated
VL with a switch to second-line therapy could help improve
VLS in this population.

Our data reveal that 55%-73% of ALHIV across the 5 coun-
tries were perinatally infected. Although our estimates of the
burden of infection in adolescents fell within the Spectrum
model PBs, there was significant variation for some countries.
Spectrum models of pediatric survival are currently being re-
vised to incorporate breastfeeding data to reflect the lower
pediatric mortality rate associated with this mode of acqui-
sition, owing to a lower viral set point in infants [32], which
suggests that our estimates are relatively reliable. The signifi-
cant variation across countries likely reflects historical preven-
tion of mother-to-child transmission and pediatric treatment
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Figure 2. Prevalence of viral load suppression (VLS; viral load <1000 copies/mL) by age, sex, and country in adolescents living with human immunodeficiency virus (HIV)

aged 10-19 years in the southern African Population-based HIV Impact Assessments, 2015-2017. All proportions are weighted using jackknife replicate weights for esti-

mates of variance. Colored bars represent 95% confidence intervals.
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v

Recent infection by LAg avidity?
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Age at HIV Diagnosis?
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Figure 3. Flowchart of determination of human immunodeficiency virus (HIV) acquisition risk among adolescents aged 1019 years in the southern African Population-
based HIV Impact Assessments (PHIAs), 2015-2017. Abbreviations: ABHIV, adolescents behaviorally infected with HIV; ALHIV, adolescents living with HIV; APHIV, adoles-
cents perinatally infected with HIV; LAg, limiting antigen; Unk, unknown.

scale-up differences. The large proportion of APHIV supports for comorbid conditions [10, 11]. Recognizing the long-term,
the need for differentiated services for adolescents, including  potentially irreversible impacts of untreated perinatal infec-
mental health screening, and more widely available diagnostics ~ tion, these adolescents will also need specialized interventions
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as they age into adulthood, and as they become sexually active
and pregnant, if the low rates of VLS persist past adolescence
[29]. ABHIV also have very low rates of awareness and VLS,
with immunosuppression in 15% of those with HIV diagnosed,
indicating that better adolescent-geared testing and care serv-
ices are necessary as well.

The strengths of the current analysis are the nationally
representative samples, the rigorous HIV testing methods
for children and their parents, the use of the recency assay,
and high participation rates. However, this analysis also has
several limitations. We did not directly ask participants or
their parents the most likely mode of HIV acquisition and
are therefore dependent on several potentially inaccurately
reported variables, including some variables with high rates
of missing data. However, the testing for ARVs allowed us to
correct for many instances of missing data on awareness and
treatment.

We did not include a questionnaire for young adoles-
cents in Malawi to ascertain sexual activity data, although
we did not exclude any young adolescents as APHIV from
the other countries based on this criterion. Adolescents in
general, and girls in particular, might be underreporting
sexual debut [8, 33]. The limiting antigen avidity assay has
not been validated in children <15 years old, meaning that
our results for adolescents 10-14 years old should be inter-
preted with caution. However, the similarities in results be-
tween our algorithm and the one used in Kenya [20], where
the assay was not used, lends credence to our results. The
low number of young adolescents with recent infection sug-
gests that horizontal transmission is rare in children, but
quantifying the rate of false recency in adolescents with
documented perinatal acquisition is required for assay
validation. Finally, World Health Organization treatment
guidelines removed immune thresholds in 2015 [34]. Our
data likely reflect the slow uptake of these changes, and we
therefore expect considerable gains in treatment coverage
since the surveys.

In conclusion, these data provide a comprehensive picture
of the burden of HIV among adolescents in 5 high-prevalence
countries, allowing targeted interventions to improve out-
comes in a population with persistently high mortality rates
[35-38]. The data demonstrate that many ALHIV have not
yet had HIV diagnosed, including many with perinatal infec-
tion. To improve case identification, innovative strategies for
adolescents should be further explored [12, 24]. Our find-
ings also demonstrate that even among ALHIV with known
status, there are critical gaps in VLS. Access to optimized
ART, including prioritization of adolescents for transition
to dolutegravir-based regimens [27], and adherence support
are needed to ensure better treatment outcomes with both
immediate and long-term benefits for individual health and
epidemic control.
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Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases on-
line. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the au-
thors, so questions or comments should be addressed to the corresponding
author.
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