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Summary
Background No study has compared the virological and immunological status of young people with perinatally-
acquired HIV infection (P-HIV) with that of people with HIV adulthood (A-HIV) having a similar duration of
infection.

Methods 5 French cohorts of P-HIV and A-HIV patients with a known date of HIV-infection and receiving
antiretroviral treatment (ART), were used to compare the following proportions of: virological failure (VF) defined
as plasma HIV RNA ≥ 50 copies/mL, CD4 cell percentages and CD4:CD8 ratios, at the time of the most recent
visit since 2012. The analysis was stratified on time since infection, and multivariate models were adjusted for
demographics and treatment history.

Findings 310 P-HIV were compared to 1515 A-HIV (median current ages 20.9 [IQR:14.4–25.5] and 45.9
[IQR:37.9–53.5] respectively). VF at the time of the most recent evaluation was significantly higher among P-HIV
(22.6%, 69/306) than A-HIV (3.3%, 50/1514); p ≤ 0.0001. The risk of VF was particularly high among the youngest
children (2–5 years), adolescents (13–17 years) and young adults (18–24 years), compared to A-HIV with a similar
duration of infection: adjusted Odds-Ratio (aOR) 7.0 [95% CI: 1.7; 30.0], 11.4 [4.2; 31.2] and 3.3 [1.0; 10.8] respectively.
The level of CD4 cell percentages did not differ between P-HIV and A-HIV. P-HIV aged 6–12 and 13–17 were more
likely than A-HIV to have a CD4:CD8 ratio ≥ 1: 84.1% vs. 58.8% (aOR = 3.5 [1.5; 8.3]), and 60.9% vs. 54.7% (aOR = 1.9
[0.9; 4.2]) respectively.

Interpretation P-HIV were at a higher risk of VF than A-HIV with a similar duration of infection, even after adjusting
for treatment history, whereas they were not at a higher risk of immunological impairment. Exposure to viral
replication among young patients living with HIV since birth or a very early age, probably because of lower
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adherence, could have an impact on health, raising major concerns about the selection of resistance mutations and
the risk of HIV transmission.

Funding Inserm - ANRS MIE.

Copyright © 2024 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
In 2024 we searched Pubmed using the terms “perinatally
acquired HIV” “perinatal HIV infection” “viral suppression”
“viral failure” “response to therapy” “virological outcome”
“immunological outcome” “CD4” “CD4:CD8 ratio”.
Several cohort studies have underlined particular difficulties in
the follow-up and treatment of people living with HIV after
perinatal infection, particularly when they reach adolescence.
Two studies compared the viral load according age: in the first
one, the 13–17 year-old group was a mix of young adults with
perinatally-acquired HIV and young people having acquired
HIV through sexual intercourse, despite the fact that these
two populations have very different medical histories. In the
second one, the viral load was compared between perinatally
and non-perinatally infected adolescents/young adults by age
classes, which cannot take into account differences in HIV
duration and medical histories. Two other studies compared
patients with perinatal and non-perinatal HIV for age at the
first treatment, but not for the time since the HIV acquisition.
We did not find any studies comparing both immunological
and virological status between patients living with HIV
acquired perinatally and HIV acquired in adulthood taking into
account the duration of the infection.

Added value of this study
To our knowledge, this is the first study to compare the
immunovirological status of individuals aged 2–32 years,
having acquired HIV perinatally (P-HIV) with individuals
having acquired HIV in adulthood (A-HIV) with similar
durations of infection. In addition, our study enables to
consider five age categories of P-HIV, from childhood to
adulthood, in relation to physiological, psychological, and
behavioural changes, and changes in autonomy, with a

possible impact on adherence to treatment, and to take into
account the duration of infection and treatment history to
compare P-HIV and A-HIV.
Immuno-virological data and treatment history were analysed
using large national prospective paediatric and adult cohorts
of patients recruited in hospital setting, including a large
number of P-HIV, with follow-up durations of up to 30 years,
thus corresponding to the first generation of adults living
with HIV since birth or a very early age.
We found a large proportion of viral failure at the latest
assessment among P-HIV, among the youngest children (2–5
years), adolescents (13–17 years) and young adults (18–24
years). We highlighted a higher risk of viral failure, than
among people having acquired HIV in adulthood with a
similar duration of infection, even after adjusting for
treatment history. This larger proportion of viral load failure
was not associated with more CD4+ T-cell depletion.

Implications of all the available evidence
In a country that offers free access to care and to a large panel
of ART, virological control nevertheless remained more
difficult to obtain in people living with HIV acquired
perinatally than for those who acquired it during adulthood.
Maintaining long-term viral suppression is crucial for all
patients living with HIV, but it meets specific difficulties for
people having acquired HIV perinatally, particularly for
teenagers and young adults, compared to people who
acquired HIV infection in adulthood. In addition, exposure to
viral replication among these young patients living with
perinatally-acquired HIV raises major concerns about the
selection of resistant mutations and the risk of HIV
transmission, and this could impact their future health.
Introduction
Perinatal HIV infection is classically defined as an
infection transmitted during pregnancy, childbirth or
breastfeeding, also called mother-to-child transmission.
Antiretroviral treatment (ART) has dramatically
decreased mortality among children and adolescents
living with perinatal HIV (P-HIV) in high-income
countries.1–4 A European study reported a cumulative
incidence estimate for mortality at the age of 15 of
0.8%.5 Studies describing current virological and
immunological outcomes among P-HIV, many of
whom are now reaching adulthood, are still few, and
there is no study comparing outcomes between people
having acquired HIV perinatally and those having ac-
quired HIV in adulthood (A-HIV) with a similar dura-
tion of HIV infection.

Maintaining long-term viral suppression is crucial
for all patients, but supporting P-HIV patients entails
particular difficulties: treatment initiation at a time of
physiological immaturity and its maintenance through
www.thelancet.com Vol 40 May, 2024
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physiological, psychological, and behavioural changes,
exacerbated during adolescence, and the need to rely on
caregiver for adherence. Several studies on paediatric
cohorts have reported high virological failure (VF) rates,
particularly during adolescence.6–9

A collaborative study of European cohorts high-
lighted poorer virological responses at 12 months after
ART initiation among children and adolescents than
among adults.10 However, this study comparing out-
comes only across age groups did not take the time
since acquisition of HIV infection into account, and the
13–17 year-old group was a mix of patients having
perinatally acquired HIV and patients having acquired it
through sexual relation. Recent studies, with up to 3
years’ follow-up, have confirmed that the risk of VF is
higher among P-HIV than A-HIV.11,12 In these studies,
age at initiation of ART and treatment duration were
considered, but the possibly different durations of HIV
infection between the two populations were not.

Data on immunological recovery among P-HIV is
also limited: there are concerns about their long-term
immunological status as a consequence of poorer viro-
logical control, while greater thymic activity in chil-
dren13,14 could provide greater potential for immune
recovery.15

Our study aimed to compare the proportion of viro-
logical failure at latest assessment among P-HIV under
treatment, according to different age strata correspond-
ing to life developmental stages, with that observed
among A-HIV after the same duration of HIV infection.
We also compared immunological parameters between
the two groups. This study used data from five large
French national paediatric and adult cohorts, thus
affording access to comprehensive immunological,
virological and treatment histories.

Methods
Data sources
We used data from five ANRS French national cohorts,
which included patients with HIV-1 infection acquired
before the age of 13 (CO10-EPF, CO19-COVERTE), or in
adulthood ≥15 years (CO9-COPANA, CO6-PRIMO,
SEROPRI).

Eligible individuals with perinatally-acquired HIV infection (P-
HIV)
The CO10-EPF cohort followed children living with
HIV, up to the age of 17, born to more than 20,000
women living with HIV and enrolled since 1985 in
around 100 hospital maternity facilities (N = 543)
(Supplementary Fig. S0). From 2005, extended criteria
enabled the inclusion of other children diagnosed with
HIV at ≤13 years and antiretroviral therapy-naïve at the
time of their first medical care in the participating
paediatric hospital facilities (N = 174). For all children
included in EPF-CO10, data was collected semestrially
www.thelancet.com Vol 40 May, 2024
up to the last visit before the age of 18. In 2010–2015,
CO19-COVERTE was set up to enrol patients, aged
18–25, diagnosed with HIV infection before the age of
13, previously (N = 298) or not (N = 179) included in the
CO10-EPF cohort, with annual follow-up to 2018.

Patients were considered to have established or very
probable perinatal HIV acquisition if they had been
included since birth in the EPF cohort (HIV + mothers
were enrolled in the cohort during pregnancy), or, for
those included later after birth, if the perinatal HIV
infection was documented before 13 years of age with
no other route than mother-to-child transmission noted
in the medical records (Supplementary Fig. S0). Ac-
cording to the age and calendar time, the diagnosis was
based on by a first positive, RNA, DNA assay, p24 an-
tigen or culture in the early months and/or an ELISA
test after 18 months of age. For 48 of the 161 Coverte
patients that we considered as P-HIV, only age or date of
diagnosis and/or age at first antiretroviral treatment
were available in medical record with no information on
the initial method of diagnosis.

Eligible individuals with HIV infection acquired after the age
of 15 (A-HIV)
Between 2004 and 2008, the ANRS CO9-COPANA
Cohort included 800 antiretroviral-naive patients with
a recent HIV-1 diagnosis (<1 year), with a follow-up
until June 2016. Since 1996, the on-going ANRS CO6-
PRIMO has enrolled > 2000 subjects diagnosed at the
time of their primary HIV-1-infection. The ANRS
SEROPRI cohort is a subset of 81 patients living with
HIV-1 from the historical ANRS SEROCO cohort
(enrolment from 1988 to 2001), for whom the date of
HIV infection could be determined; they were still fol-
lowed in 2008 and gave consent for the continuation of
follow-up after 2008.

The date of HIV acquisition was estimated as fol-
lows: the date of onset of primary HIV infection
symptoms minus 15 days, or the date of the incomplete
Western blot minus one month, or the midpoint be-
tween negative and positive ELISA results within an
interval of less than 24 months.

All patients in the P-HIV and A-HIV cohorts were
followed by clinicians according to standard care, based
on regularly updated national guidelines since 1990, with
free access to care and treatment, viral loadmeasurement
at least twice a year, routinely available since 1995’s.

Study population
We included participants who had had an estimated
date of HIV infection within a 24-month interval, who
were still in follow-up after January 1st 2012, and who
had undergone their latest plasma viral load (VL) mea-
surement after 1st January 2012 while on prescribed
continuous antiretroviral therapy for at least 6 months,
without any reported interruption > 15 days. To enhance
3
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comparability, for both groups, we selected participants
who had been diagnosed within 24 months following
HIV acquisition and living with HIV for ≥2 years at the
time of the latest VL evaluation (Fig. 1).

Outcomes
The primary outcome was virological failure (VF),
defined as the last VL ≥ 50 RNA copies/mL. We also
considered CD4 percentages levels and CD4:CD8 ratios
measured at the time of the latest VL assessment.

Main exposure
The mode of HIV acquisition was the main exposure:
we compared patients with perinatal HIV (P-HIV),
included in the EPF and COVERTE cohorts, with pa-
tients who acquired HIV during adulthood (A-HIV) in
the SEROPRI, PRIMO and COPANA cohorts.

Five P-HIV age strata at the time of last VL evalua-
tion were considered a priori, in relation to physiolog-
ical, psychological, and behavioural changes, and
Fig. 1: Flow chart from eligible P-HIV or A-HIV to the included study po
Fig. S0. (2) Estimated as follows: the date of symptom onset of the p
Western blot minus one month, or the midpoint between negative and
changes in autonomy, that could have an impact on the
adherence to treatment: two periods in childhood (pre-
school ages 2–5 years and compulsory schooling ages
6–12 years), two periods of transition to adulthood
before and after the legal age of majority (teenagers aged
13–17 years and young adults aged 18–24 years) and one
adult stratum of individuals aged 25–32 years.

As the ages also corresponded to the time elapsed
since HIV infection for P-HIV, we defined, for A-HIV,
same five strata of duration since their estimated date of
infection.

Other risk factors
For all patients, gender, country of birth, and factors
potentially associated with virological failure and
immunological level were analysed: time from HIV
acquisition to first ART, % CD4 and VL at first ART,
calendar time and regimen type of first ART, number of
different ART regimens, CD4% nadir, calendar time at
the start and type of most recent ART regimen.
pulation. (1) Criteria described in the supplementary Supplementary
rimary HIV infection minus 15 days, or the date of the incomplete
positive ELISA results within an interval of less than 24 months.

www.thelancet.com Vol 40 May, 2024
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Statistical analysis
P-HIV and A-HIV were first compared according de-
mographics and HIV history in each of the 5 five age/
infection duration strata.

Univariate analysis was first performed to study the
association between the main outcome (virological fail-
ure) and the main exposure (P-HIV vs. A-HIV) in each
age/infection duration stratum, and with gender, country
of birth, and ART history factors, separately for P-HIV and
A-HIV (showed in Supplementary Table S1). Continuous
variables are presented as medians (interquartile ranges),
categorical variables as % (n). Comparisons between
groups were made using the Kruskal–Wallis test for
continuous variables, and the Chi-square test or Fisher’s
test, as appropriate, for categorical variables.

Multivariate analysis was performed separately
within each age/infection duration stratum to study the
association of virological failure (VF) with P-HIV/A-HIV
exposure. The initial model adjusted systematically for
gender, country of birth, and ART history factors found
in univariate analysis to be associated with the VF in the
A-HIV or P-HIV group or both, at a p-value threshold <
0.2 to avoid over-adjustment we retained the overall
number of ART regimens received, a switch being
defined as any change in the number or type of ART,
but without considering difference in formulation or
dosage, as this partly reflects history of viral load control
and possible past changes because of ART resistance,
rather the calendar time at first ART, both being highly
correlated. No subsequent variable selection procedure
was needed as the adjusted ORs measuring the associ-
ation of VF with P- vs. A-HIV acquisition were quite
similar to crude ORs in the initial largest model, within
each age/duration of infection stratum.

Logistic regressions were used to estimate crude and
adjusted odds ratios. For each co-factor, the reference
category was chosen among categories well represented
in both the P-HIV and A-HIV groups.

Similar analyses were performed for the secondary
outcomes including CD4 percentage ≥25%, and
CD4:CD8 ratio ≥1.

The analyses were performed using SAS software,
version 9.4 (SAS Inc., Cary, NC).

Role of the funding source
The funder of the study had no role in the study design,
data collection, data analysis, data interpretation, writing of
the report, or decision to submit the paper for publication.

Results
Study population
Of the 896 individuals enrolled in the paediatric cohorts,
854 had an established or highly probable perinatal
HIV-1 infection (Supplementary Fig. S0), 479 had been
living with HIV for ≥2 years, had been on continuous
ART for ≥6 months, with the latest VL measurement
after 1st January 2012 (Fig. 1). We excluded 169
www.thelancet.com Vol 40 May, 2024
individuals with a late HIV diagnosis (>24 months after
infection). Thus 310 P-HIV were retained in the main
analysis: 55.2% were female, and 5.8% were from sub-
Saharan Africa. Of the 2963 individuals enrolled in the
adult cohorts, 2436 had an estimated date of HIV
acquisition. Among them, 1515 met the other criteria
and were retained for the main analysis: 13.8% were
female, 6.3% were from sub-Saharan Africa (Table 1).

The median age at the most recent evaluation of viral
load on ART was 20.9 years [IQR:14.4–25.5] for P-HIV
and 45.9 [IQR:37.9–53.5] years for A-HIV. The median
dates were respectively 2016 [IQR:2015–2017] for P-HIV
and 2016 [IQR:2016–2017] for A-HIV, p = 0.07. Among
the 310 P-HIV, 17 were aged 2 to 5, 49 were 6–12, 81
were 13–17, 73 were 18–24, and 90 were 25–32. Among
the 1515 A-HIV, 472, 703, 210, 82 and 48 respectively
had reached corresponding durations of HIV infection.

Treatment history differed between the P-HIV and
A-HIV groups, and some differences persisted after
stratification by duration of HIV infection (Table 2).
Whatever the duration of the HIV infection, P-HIV had
initiated their first ART in earlier calendar times, at a
higher CD4%, and they had longer durations of treat-
ment than A-HIV. Young P-HIV aged under 18 were
less likely to have had their last assessment within the
most recent calendar time (2016–2018), or to be on a
current regimen containing an integrase inhibitor and/
or an entry inhibitor. In contrast, older P-HIV aged 18
or over were more often on integrase strand transfer
inhibitors (INSTI)/or entry inhibitors than in their A-
HIV counterparts: 37.0% vs. 30.5% (p < 0.05) in the
[18–24 years] group, and 65.6% vs. 33.3% (p < 0.0001) in
the [25–32 years] group respectively. Overall, 6 P-HIV
and 12 A-HIV were on entry inhibitor; 5 P-HIV and 11
A-HIV were on maraviroc and 1 P-HIV vs. 2 A-HIV on
T20.

Virological control at the latest assessment
At the latest assessment, the percentages of VF (VL ≥ 50
cop/mL) among P-HIV ranged from 6.1% to 39.2%
according to age stratum (Fig. 2). The proportion of VF
was higher in the [13–17] age group (39.2%), followed by
the [18–24] and [2–5] age groups (24.7% and 23.5%
respectively). In contrast, the proportion of VF was
below 5% among A-HIV across all strata of infection
durations. Among the participants with VF, median VL
was higher among P-HIV than among A-HIV: 1300
copies/mL (IQR: 145; 17,000) vs. 213 copies/mL (IQR:
78; 1219) (p = 0.004). Similar patterns were seen in an
analysis restricted to participants with no change in ART
regimen in the last 6 months.

In both P-HIV and A-HIV groups, the risk of expe-
riencing VF was higher when the latest measurement
dated from earlier calendar times, and it differed with
the type of current regimen (Supplementary Table S1).
The percentages of VF decreased from 36.8% in
2012–2013 to 17.4% in 2016–2018 among P-HIV, and
5
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HIV acquired perinatally (P-HIV)
N = 310

HIV acquired in adulthood (A-HIV)
N = 1515

Cohort

Only EPF 147 (47.4)

EPF and then COVERTE 100 (32.3)

Only COVERTE 63 (20.3)

COPANA 162 (10.7)

PRIMO 1281 (84.6)

SEROPRI 72 (4.8)

HIV transmission mode

Perinatal 310 (100.0)

Men having sex with men 1061 (70.0)

Heterosexual sex 349 (23.0)

Transfusion/occupational exposure 16 (1.1)

Injecting drug use 8 (0.5)

Unknown 81 (5.4)

Gender

Female 171 (55.2) 209 (13.8)

Country of birth

France 276 (89.0) 1274 (84.5)

Sub-Saharan Africa 18 (5.8) 95 (6.3)

Other 16 (5.2) 139 (9.2)

(Missing) (7)

Duration of HIV infection at latest VL evaluation, years

2–5 years 17 (5.5) 472 (31.2)

6–12 years 49 (15.8) 703 (46.4)

13–17 years 81 (26.1) 210 (13.9)

18–24 years 73 (23.6) 82 (5.4)

25–32 years 90 (29.0) 48 (3.2)

Calendar period of latest VL measurement

2012–2013 38 (12.3) 100 (6.6)

2014–2015 57 (18.4) 175 (11.6)

2016–2018 215 (69.4) 1240 (81.9)

Median (IQR) date of most recent evaluation 2016 [IQR:2015–2017] 2016 [IQR:2016–2017]

Data is presented as n (%) for patients with available data for the given variable.

Table 1: Characteristics of the study population at latest viral load evaluation (2012–2018), according to the period of life of HIV-1 acquisition:
perinatal or during adulthood–the French ANRS Coverte, CO10-EPF, Primo, Seropri, Copana cohorts.
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from 8.1% to 2.6% among A-HIV. Cases where the last
ART regimen contained NNRTI + PI together were few
among both P-HIV and A-HIV. Among the others, the
risk of VF was lower with a last regimen containing
NNRTI than when it contained PI ( ± NRTI) in both the
P-HIV and A-HIV groups. The risk of VF was also
lower, among A-HIV only, when the last regimen con-
tained INSTI or entry inhibitors than when it contained
PI ( ± NRTI). Other factors were also specifically asso-
ciated with VF in the A-HIV group: longer time-lapse
before initiation of ART, lower CD4% at ART initia-
tion, and a larger number of different regimens
received.

Overall, at the latest assessment, the proportion of
participants with VF was significantly higher in the
P-HIV group than in the A-HIV group, and in all strata
of infection duration except the (6–12 years) group,
where the percentage of VF was low, and the (25–32
years) group where the difference was of borderline
significance (p = 0.06) (Fig. 2). The greatest differences
were observed among the youngest children (2–5 years),
adolescents (13–17 years) and young adults (18–24
years), and they remained significant in multivariate
analysis, after adjustment for gender, country of birth,
time lapse to first ART, number of different ART regi-
mens, type of last regimen, and calendar time of latest
VL measurement, with adjusted ORs of 7.0 [95% CI: 1.7;
30.0], 11.4 [95% CI: 4.2; 31.2] and 3.3 [95% CI: 1.03;
10.7] respectively for the [2–5 years], [13–17 years] and
[18–24 years] strata (Fig. 3). Similar results were found
in the sensitivity analysis restricted to participants with
no regimen change in the last 6 months, with adjusted
www.thelancet.com Vol 40 May, 2024
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Duration of HIV infection 2–5 years 6–12 years 13–17 years 18–24 years 25–32 years

P-HIV N = 17 A N = 472 p-value P N = 49 A N = 703 p-value P N = 81 A N = 210 p-value P N = 73 A N = 82 p-value P N = 90 A N = 48 p-value

FEATURES AT FIRST ART

Time since HIV infection, months

Median 4.6 1.4 e 4.2 15.5 f 2.8 1.9 8.2 1.6 f 17.0 80.6 f

IQR (3.4–14.4) (1.1–2.4) (1.4–13.9) (1.9–36.9) (1.4–6.8) (1.2–24.7) (2.7–20.4) (1.2–3.8) (6.0–42.0) (47.6–98.5)

Year of initiation

Median 2013 2013 2007 2009 f 1999 2002 f 1994 1997 f 1991 1995 f

IQR (10–13) (12–14) (05–08) (07–10) (97–2002) (00–04) (93–95) (96–98) (89–92) (92–97)

1st ART Regimen

INSTI, or entry inhibitor (±NRTI) 5.9 (1) 25.2 (119) 0.0 (0) 13.4 (94) f 0.0 (0) 1.4 (3) f 0.0 (0) 1.2 (1) f 0.0 (0) 0.0 (0)

PI and NNRTI (±NRTI) 0.0 (0) 0.0 (0) 4.1 (2) 0.4 (3) 6.2 (5) 3.3 (7) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0)

PI (±NRTI) 76.5 (13) 61 (288) 69.4 (34) 58.2 (409) 39.5 (32) 67.1 (141) 2.7 (2) 73.2 (60) 6.7 (6) 14.6 (7)

NNRTI (±NRTI) 17.6 (3) 13.6 (64) 18.4 (9) 27.2 (191) 7.4 (6) 21.9 (46) 2.7 (2) 3.7 (3) 1.1 (1) 2.1 (1)

Only NRTIs 0.0 (0) 0.2 (1) 8.2 (4) 0.9 (6) 46.9 (38) 6.2 (13) 94.5 (69) 22.0 (18) 92.2 (83) 83.3 (40)

CD4%

Median 45.0 27.0 c 32.0 22.0 d 36.0 22.0 f 34.0 26.0 d 28.0 18.0 e

IQR (22.0–56.5) (20.0–34.0) (16.0–49.0) (17.0–27.0) (23.0–49.0) (16.0–29.0) (20.0–43.0) (18.0–30.0) (18.0–39.0) (12.0–24.0)

VL at ART initiation (log10 copies/mL)

Median 5.8 5.3 5.4 4.9 5.2 5.1 4.8 5.0 4.8 4.3

IQR (5.3–6.6) (4.6–6.1) (3.9–6.1) (4.3–5.4) (4.0–5.8) (4.5–5.7) (4.4–5.2) (4.3–5.7) (4.2–5.0) (3.9–4.8)

FEATURES AT LATEST EVALUATION

Time since 1st ART (years)

Median 4 3.5 c 9.4 7.0 f 16.2 14.0 f 22.4 19.1 f 25.6 20.9 f

IQR (3.6–5.0) (2.5–4.4) (8.0–10.6) (5.8–9.0) (14.3–17.1) (12.9–15.4) (20.2–23.3) (18.4–20.0) f (24.0–27.1) (19.1–24.2)

Time since first combined therapya (years)

Median 4.0 3.5 c 9.3 7.0 f 14.5 13.8 c 16.7 18.8 f 18.4 18.7

IQR (3.6–5.0) (2.5–4.4) (7.9–10.6) (5.7–8.9) (12.8–16.0) (11.8–15.2) (14.1–18.5) (17.9–19.5) (15.4–19.8) (17.3–19.9)

Number of different ART regimens

Median 3 2 3 3 5 5 9 5 f 12 9

IQR (1–3) (1–3) (2–4) (2–4) (4–7) (3–7) (8–12) (4–8) (8–14) (6–15)

Nadir CD4%b

Median 25.0 32.0 d 22.0 25.0 17.0 19.0 d 14.6 20.5 d 11.0 13.5

IQR (22.0–31.0) (27.0–37.0) (17.0–29.0) (20.0–30.0) (11.0–23.0) (15.0–25.0) (6.0–22.4) (14.0–26.0) (4.4–21.0) (7.0–20.5)

Year of initiation of last ART regimen, % (n)

≤2006 0.0 (0) 0.0 (0) 12.2 (6) 2.7 (19) e 8.6 (7) 8.1 (17) 0.0 (0) 17.1 (14) e 2.2 (2) 14.6 (7) e

2007–2013 35.3 (6) 34.1 (161) 55.1 (27) 53.9 (379) 53.1 (43) 54.8 (115) 50.7 (37) 36.6 (30) 32.2 (29) 47.9 (23)

2014–2017 64.7 (11) 65.9 (311) 32.7 (16) 43.4 (305) 38.3 (31) 37.1 (78) 49.3 (36) 46.3 (38) 65.6 (59) 37.5 (18)

Last ART regimen, % (n)

INSTI, or entry inhibitor (+NRTI) 11.8 (2) 41.9 (198) d 12.2 (6) 32.7 (230) f 14.8 (12) 29.0 (61) f 37.0 (27) 30.5 (25) d 62.6 (59) 33.3 (16) f

PI and NNRTI (±NRTI) 0.0 (0) 0.2 (1) 2.0 (1) 1.3 (9) 3.7 (3) 1.4 (3) 1.4 (1) 2.4 (2) 2.2 (2) 0.0 (0)

PI (±NRTI) 58.8 (10) 20.6 (97) 59.2 (29) 18.1 (127) 51.9 (42) 14.3 (30) 35.6 (36) 18.3 (15) 18.9 (17) 18.8 (9)

(Table 2 continues on next page)
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ORs of 12.7 [95% CI: 2.7; 60.1], 13.4 [95% CI: 4.3; 41.2]
and 4.3 [95% CI: 1.1; 15.9] respectively.

Immunological status at the time of the latest VL
measurement
Among P-HIV, 83.5% (218 of 261 with available mea-
surements) had a CD4% ≥ 25% at the latest assessment
(Supplementary Fig. S1). It was found for 91.7% and
93.2% of those aged [2–5] and [6–12], but dropped to
78.0%, and 77.5% in the [18–24] and [25–32] age groups
respectively (chi-2 for trend, p = 0.11). After adjustment
for demographic factors and therapeutic history, there
was no statistically significant difference between P-HIV
and A-HIV, whatever the duration of infection.

Compared to their A-HIV counterparts, P-HIV aged
[6–12] and [13–17] were more likely to reach a CD4:CD8
ratio ≥1: 84.1% vs. 58.8% in the [6–12] year stratum
(adjusted OR = 3.5 [1.5; 8.3]), and 60.9% vs. 54.7% in the
[13–17] year stratum (adjusted OR = 1.9 [0.9; 4.2])
(Fig. 3). Compared to the youngest P-HIV, the propor-
tion of participants with a CD4:CD8 ratio ≥1 was lower
among P-HIV aged [18–24] and [25–32], but it was
similar to that found among A-HIV with the same
duration of infection: 32.8% vs. 48.1% (adjusted
OR = 0.6 [0.3; 1.3]) and 39.2% vs. 45.7% (adjusted
OR = 0.8 [0.3; 2.1]) respectively (Fig. 3).
Discussion
To our knowledge, this is the first study comparing the
virological and immunological status of people living
with perinatal HIV (P-HIV), at different key-periods in
their physical and psychological development, to pa-
tients who acquired HIV during adulthood (A-HIV) with
the same duration of infection, taking into account their
therapeutic history, and using data from large paediatric
and adult cohorts of 310 P-HIV and 1515 A-HIV.

The risk of virological failure (VF) at the latest visit
was significantly higher among adolescents (13–17
years), young adults (18–24 years), and the youngest
children (2–5 years) among P-HIV than among A-HIV
with a similar duration of infection. This higher risk
remained after adjustment for potential confounding
factors, including therapeutic history and calendar time.
Using the CDC Undetectable = Untransmittable (UU)
threshold of 200 cp/mL, P-HIV adolescents and young
adults remained at higher risk of VF than A-HIV, which
raises concerns on the risk of onward transmission to
sexual partners, and on their own immune deterioration
(Supplementary Fig. S2).

We studied a large number of P-HIV individuals,
with follow-up durations of up to 30 years, which cor-
responds to the first generation of adults living with
HIV since birth or a very early age. We highlighted poor
viral outcomes among both adolescents and young
adults, with proportions of VF reaching 38.3% and
22.6% respectively. This is consistent with other studies
www.thelancet.com Vol 40 May, 2024
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Fig. 2: Virological status at latest evaluation (2012–2018), according to the period of HIV acquisition, stratified by duration of HIV infection–the
French ANRS Coverte, CO10-EPF, Primo Seropri, Copana cohorts.

Articles
reporting a greater risk of VF among P-HIV, particularly
when they reach adolescence and adulthood.16,17 A
VL ≥ 400 copies/mL was observed for 26% of adoles-
cents on cART, transferred to adult care at a median age
of 17.4 years.18 Older P-HIV (13–17 and 18–30-year-olds)
were found to have spent more time with a VL ≥ 400
copies/mL and to be more exposed to non-suppressive
cART, compared to 7–12-year-olds.19

The higher risk of VF among P-HIV than among
A-HIV with the same duration of HIV infection could
have several explanations. Therapeutic history differed
between the groups, but the higher risk of VF in the
P-HIV group remained significant after adjustment for
the type of the last regimen, for the calendar time at last
www.thelancet.com Vol 40 May, 2024
VL measurement under ART and the time-lapse be-
tween HIV acquisition and ART initiation, which
together indirectly reflect the overall duration of the
ART in each of the 5 age/infection duration strata. The
difference in VF is thus not likely to be mainly explained
by differences in effectiveness of the therapy received
over time, or in the time-lapse between infection and
first treatment. Moreover, in a context of free access to
care and treatment, with a broad panel of antiretroviral
drugs available, good viral control could be expected,
whatever the treatment history. This was observed for
A-HIV: more than 90% had a suppressed viral load,
including those who had been living with HIV for the
longest durations (25–32 years). We observed a decrease
9
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Fig. 3: Risk of presenting (a) a VL > 50 copies/mL, (b) a %CD4 > 25%, (c) a CD4:CD8 ratio >1, at the latest assessment, according to the period of
HIV acquisition: perinatally (P-HIV) or during adulthood (A-HIV), stratified by duration of HIV-1 infection, in univariate and multivariate an-
alyses*–the French ANRS Coverte, CO10-EPF, Primo Seropri, Copana cohorts. * Adjusted for: gender, country of birth, time-lapse between HIV
acquisition and ART initiation, number of previous ART regimens, type of last regimen, and calendar period of last VL measurement).
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in VF prevalence in the more recent calendar times for
both P-HIV and A-HIV participants, which is likely to be
related to the availability of more potent, better tolerated
drugs, including INSTI.20 However, the percentage of
P-HIV with VF at the latest visit still reached 18.2% in
the most recent calendar time (2016–2018), contrasting
with the very low proportion (2.6%) among A-HIV
subjects over the same period. Similar results for VF (at
a threshold of 200 copies/ml) were found in the UK P-
HIV cohort (median age: 23 years).21

We observed a larger proportion of VF in the youn-
gest P-HIV group (2–5 years) than in the A-HIV group
with the same duration of infection. A higher risk of VF
among children aged under 3 years has already been
reported.6 At this age, dependence on the caregiver
(often the mother or other family members) and the
www.thelancet.com Vol 40 May, 2024
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social environment, difficulties related to drug admin-
istration, the palatability of formulations and the vari-
ability of ARV pharmacokinetics could explain these
findings.

Teenagers and young adults in the P-HIV group
also had poorer virological outcomes, while they had
access to the same therapeutic options as the A-HIV
group without the limitations of drug formulations.
This is probably linked to complex issues in coping
with HIV infection and its treatment, which car have a
strong impact on treatment adherence.22 Adolescents
and young adults are more likely to be less
compliant.23 In HIV infection, specific factors also
make adherence to treatment even more difficult than
in other chronic conditions: reluctance to disclose
HIV status, stigmatization, and disease denial.24 The
transition from paediatric to adult healthcare provi-
sion could also be a destabilizing factor, because of
the need to adapt to a new medical team and to
changes in the physician-patient relationship. Ado-
lescents and young adults living with HIV and moving
from paediatric to adult care have been shown to be
prone to VF.7

Among the P-HIV aged 25 years or over, which is a
group that has been less widely studied in paediatric
studies and has often included young people having
acquired HIV through sexual relation, VF was less
frequent than among adolescents and young adults
having acquired HIV perinatally, but remained around
4- times higher than among A-HIV (p = 0.06).

The 6–12 year-old P-HIV group was the only age
group with a fairly similar level of virological failure to
the A-HIV group. Compared to the youngest children,
their cognitive and emotional development could
encourage medical teams and family to partially inform
them about their virus to help coping with treatment, as
recommended by French national guidelines in accor-
dance with WHO for school-age children (6–12 years),
before they enter the challenging period of adolescence.
Partial diagnosis disclosure to children is reported to be
associated with better adherence to treatment.25

Although each P-HIV age stratum size is fairly small,
the statistical power was sufficient to reach statistical
significance for such a large differences in viral failure
proportion between P-HIV and A-HIV, in both univar-
iate and multivariate analysis, in all strata, except in the
6–12 years stratum. For this school age children, odds
ratios were much lower than in the other strata, which is
consistent with a period that is possibly more favourable
to a better adherence to treatment.

The poor virological control observed for P-HIV rai-
ses concerns about immune function. We found no
significant difference in CD4% between the P-HIV and
A-HIV groups, whatever the time lapse since HIV
infection. In fact, P-HIV in the 6–12 and 13–17 age
groups were more likely to exhibit a CD4:CD8 ratio ≥1
than their A-HIV counterparts. This difference between
www.thelancet.com Vol 40 May, 2024
A-HIV and P-HIV was not observed in the [18–24] and
[25–32] years groups, which could reflect a lesser po-
tential for lymphopoiesis. This supports early ART
initiation, as older P-HIV in our study started ART later.
These results are consistent with the impact of greater
thymic activity among children than among adults:
among young P-HIV, the thymus produces new naïve T-
cells which compensate for the destruction caused by
HIV infection.15,26,27 While T-cell recovery after ART
initiation is biphasic among adults, with a progressive
repopulation phase of the naive cell pool following a fast
phase of redistribution,28 it follows a more monophasic
and uniform pattern among children throughout re-
covery.29 Higher and more lasting CD4+ cell counts and
percentages have been reported among younger than
older children at the time of initiation of cART.26,30,31

One study suggested that children starting ART at a
younger age were more likely to recover a normal
CD4:CD8 ratio, but the proportion of P-HIV in this
study with a normal CD4:C8 ratio (62%) on ART (me-
dian age: 15.4 years) was compared to a global propor-
tion reported in published studies on adults starting
ART at the stage of chronic HIV infection.32 Here, using
both paediatric and adult French cohorts coordinated by
the same research unit, we were able to compare pop-
ulations with similar durations of HIV infection and to
adjust for known risk factors. We showed that P-HIV
aged 6–12 and 13–17 were more likely to reach a normal
CD4:CD8 ratio than A-HIV. It is worth noting that the
proportion of A-HIV with a normal CD4:CD8 ratio was
high in our study (62% of those with viral suppression),
which is likely to be related to the large proportion of
patients diagnosed and treated at the time of primary
infection.33

The strength of our study lies in the large numbers
of participants in the P-HIV and A-HIV groups, enrolled
from several public hospital units across France, with
prospective data collection over the long term, reaching
nearly 30 years following HIV infection. All patients
were in care through a network of hospital facilities and
laboratories following national guidelines, and data was
collected using standardised questionnaires in a similar
way across the 5 cohorts, providing access to therapeu-
tic, immunological and virological histories. We
retained only patients with a short time to diagnosis,
≤24 months after HIV acquisition, which limited the
potential selection bias of differential early access to
treatment.

We acknowledge several limitations. Firstly, adher-
ence and treatment resistance data, collected in a similar
way, was not available to compare P-HIV and A-HIV.
The national multicentre CO10-EPF cohort only
collected routine annual medical follow-up of children
up to the age of 17, to limit selection bias due to time
consuming parental and clinician participation. Further
qualitative or quantitative studies could focus more
specifically on adherence data with ART drug blood level
11
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monitoring, global pill burden, or ART pharmaceutical
formulation. Multivariate analyses were adjusted for the
number of different previous ART regimens, more
frequent among P-HIV, which could partly reflect past
switches due to resistance.

Secondly, quantification thresholds for HIV plasma
viral load assays have lowered over time; however, we
analysed patients with the latest follow-up in 2012 or
thereafter, thus limiting the problem of higher thresh-
olds of quantification in earlier periods. Finally, the
small number of P-HIV treated with INSTI as their first
ART prevented us from assessing the impact of this
potent class of ARV on the long-term incidence of VF.
Further studies are needed to evaluate whether the
expanded use of dolutegravir and bictegravir, various
formulations (solid vs. liquid, single vs. multiple tablets)
and new formulation (e.g., injectables) in the pediatric
population could improve viral suppression among P-
HIV.

In conclusion, maintaining virological suppression
remains a challenge for patients having acquired HIV
perinatally. We found they were at higher risk of VF
than A-HIV with a similar duration of infection, even
after adjusting for treatment history. This difference,
which was the most marked for teenagers and young
adults, is likely to result from problems of adherence
specific to these periods in life. In a country which offers
free access to care and to a large panel of ART, virologic
control nevertheless remained more difficult to obtain
among people living with HIV acquired perinatally than
those living, with the same duration, with HIV acquired
during adulthood. Although this did not translate into
poorer immunological status, exposure to viral replica-
tion in these particular periods of life could have an
impact on chronic inflammation, the development of
comorbidities and the replenishment of the HIV reser-
voir, which are issues that warrant further studies. Our
results also raise major concerns about the selection of
resistance mutations and the risk of HIV transmission
at critical times in life. Further studies are needed to
assess the long-term impact of more potent and easier-
to-take cART on VF among P-HIV subjects, with pae-
diatric single-tablet regimens including INSTI.
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