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High mortality following early initiation of antiretroviral
therapy in infants living with HIV from three African countries

Alfredo Tagarro,“’b’c'* Sara Dominguez-Rodriguez,* Mark Cotton,? Kennedy Otwombe,° Nigel Klein,®" Maria Grazia Lain," Tacilta Nhampossa,j
Almoustapha Issiaka Maiga,k Shaun Barnabas,® Paula Vaz,' Avy Violari,® Sheila Ferndndez-Luis}' Osee Behuhuma," Mariam Sy!la,k

Elisa Lépez—Varela,' Denise Naniche, Anita janse—Van—Rensburg,d Afaaf Liberty,” Nastassja Ramsagar,® Theresa Smit," Senamile Makhari,"
Nalia Ismael,™ Carlo Giaquinto,"® Paolo Rossi,”? Louise Kuhn," Paolo Palma,”? Moira Spyer,’ Mathias Lichterfeld,*" Eleni Nastuoli#"

Viviana Giannuzzi,” Alvaro Ballesteros,” Nicola Cotugno,”? Elena Morrocchi,”? Andrea Oletto,” Fatoumata Tata Traoré," Els Dobbels,
Yasmeen Akhalwaya,® Gregory Ording-Jespersen,” Caroline Foster, Helena Rabie,* Pauline Amuge,” Camille Brehin,® Savita Pahwa,

Yacouba Aba Coulibaly,” and Pablo Rojo,“** on behalf of EPIICAL Consortium

®Fundacion de Investigacion Biomédica Hospital 12 de Octubre, Instituto de Investigacién 12 de Octubre (imas12), Madrid, Spain
PDepartment of Pediatrics, Infanta Sofa University Hospital, Fundacion para la Investigacion Biomédica e Innovacion Hospital
Universitario Infanta Sofia y Hospital del Henares (FIIB HUIS HHEN), Madrid, Spain

“Universidad Europea de Madrid, Madrid, Spain

dFAMily Centre for Research with Ubuntu (FAMCRU), Tygerberg Children’s Hospital (TCH), Stellenbosch University (SU), Cape Town,
South Africa

“Perinatal HIV Research Unit, Chris Hani Baragwanath Academic Hospital, Faculty of Health Sciences, University of the Witwatersrand,
Soweto, South Africa

fSchool of Public Health, Faculty of Health Sciences, University of the Witwatersrand, Johanneshurg, South Africa

9Great Ormond Street Institute of Child Health, University College London, London, UK

PAfrica Health Research Institute, KwaZulu Natal, South Africa

'Fundaciio Ariel Glaser contra o SIDA Pediatrico, Maputo, Mozambique

icentro de Investigacao em Saude de Manhica, Maputo, Mozambique

kCentre Hospitalier Universitaire Gabriel Touré, Bamako, Mali

IsGlobal, Hospital Clinic, Universitat de Barcelona, Barcelona, Spain

MInstituto Nacional de SaGde, Marracuene, Mozambique

"Division of Pediatric Infectious Diseases, Department for Women's and Children’s Health, Padova, Italy

°Penta Foundation, Italy

PClinical Immunology and Vaccinology Unit, Bambino Gesu Children’s Hospital, IRCCS, Rome, Italy

‘9Department of Systems Medicine, Chair of Pediatrics, University of Rome, “Tor Vergata”, Rome, Italy

"Gertrude H. Sergievsky Center, Vagelos College of Physicians and Surgeons, Columbia University Irving Medical Center, New York, NY, USA
*Ragon Institute of MGH, MIT, and Harvard, Cambridge, MA, 02139, USA

“Division of Infectious Diseases, Brigham and Women's Hospital, Boston, MA, 02115, USA

“Advanced Pathogen Diagnostic Unit, University College of London, London, UK

VGianni Benzi Pharmacological Research Foundation, Italy

“Université des Sciences Techniques et des Technologies de Bamako, Bamako, Mali

*Department of Pediatrics, Imperial College Healthcare National Health Service (NHS) Trust., London, United Kingdom

YBaylor College of Medicine Children’s Foundation-Uganda. Kampala, Uganda

“Department of Microbiology and Immunology and Center for AIDS Research, University of Miami Miller School of Medicine, Miami, USA
*Universidad Complutense de Madrid, Spain

Summary

Background Even with increasing access to rapid HIV diagnosis and early antiretroviral therapy (ART) initiation,
infants living with HIV seem to have adverse outcomes. We assessed the probability of death, viral suppression, and
other HIV-related events in the first three years of life among early-treated children with perinatally-acquired HIV in
South Africa, Mozambique, and Mali.

Methods We enrolled a cohort of infants who initiated ART within the initial 6 months of life and within 3 months of
diagnosis. These children were monitored 2, 6, 12 and 24 weeks after enrolment, followed by biannual check-ups up
to 4 years after enrolment. We assessed the probability of death, viral load (VL) suppression, severe
immunosuppression (according to WHO guidelines), and engagement in care using Kaplan-Meier plots, and
hazard ratios for these outcomes using multivariable Cox regression models.
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Findings Two hundred and fifteen infants were enrolled and monitored for a median of 34 months [IQR, 16.3; 44.1].
ART initiation occurred at a median of 34 days of age [IQR, 26.0; 73.0]. The probability of death at 1 year of ART was
10% (95% CI, 6-14), increased to 12% (95% CI, 8-17) at 2 and remained in 12% at 3 years. The main risk factor for
HIV/AIDS-related mortality was baseline viral load [HR: 2.98 (95% CI, 1.25-7.12)]. Sixty-one of 146 (42%) children
achieved sustained virological control below lower limit of detection for any >1 year period between enrolment and
4 years after enrolment. Viral suppression during follow-up was inversely associated with baseline viral load
[Hazard Ratio (HR): 0.72 (95% CI, 0.58-0.89] and adverse maternal social events [HR: 0.26 (95% CI, 0.15-0.45)].
Adherence to ART was assessed as optimal in 81% of the visits. Female sex at birth, lower age at diagnosis and
maternal adverse social life events were risk factors for low adherence [Odds ratio, OR 1.25 (95% CI, 1.00-1.56);
1.12 (95% CI, 1.01-1.27) and 2.52 (95% CI, 2.16-12.37), respectively].

Interpretation Despite early ART, mortality remains high in infants. High baseline VL and adverse maternal social
environment increased the risk of poor outcomes. Sustained supportive strategies are essential during and after
pregnancy, to achieve better survival.

Funding Early Treated Perinatally HIV Infected Individuals: Improving Children’s Actual Life (EPIICAL) is a research
consortium funded by ViiV Healthcare and led by Penta Foundation. The funder was not involved in the analysis and
interpretation of data, writing of the report, or the decision to submit the paper for publication. The corresponding
authors had access to all data and take final responsibility for the decision to submit.

Copyright © 2024 The Author(s). 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

We searched PubMed and conference proceedings using the
search terms "HIV”, “Antiretroviral Therapy (ART)”, and “early
infant treatment” for English language articles published up
to September 22nd, 2023. Since the development of ART,
mortality among children living with HIV has fallen 10-fold.
The CHER trial (NCT00102960) demonstrated that mortality
declined from 16% to 4% in children treated at diagnosis
instead of initiating treatment when symptoms or signs of
immunosuppression occurred. Despite current guidelines
recommending early treatment for children, mortality
remains high. Even if ART is initiated within the first few days
of birth, the risk of adverse outcomes in infants born with HIV
in high-prevalence settings during first years of life remains
excessive.

Added value of this study

This multicentre large cohort of 215 infants living with HIV
diagnosed shortly after birth and followed for 3 years shows
the disproportionate risk of mortality and adverse events of
infants despite early ART. ART was started at a median of 34
days of life. The probability of death was 10% at 1 year and

Introduction

In 2022, UNICEF estimated the number of children
living with HIV (CLHIV) as 2.58 million, 85% in Sub-
Saharan Africa. Children comprise 6.6% of the global
population living with HIV, but account for 16% of
HIV-associated deaths.’ Despite guidelines advocating

12% at 2 and 3 years. Infants died predominantly in the first 6
months of life. Only 41% of participants achieved sustained
virological control below lower limit of detection for any >1
year period between enrolment and 4 years after enrolment.
Immunosuppression during the first months of life was
common. Adherence to ART and engagement in care were
suboptimal. We identified risk factors for mortality (baseline
viral load, region, CD4 slope), for severe immunosuppression
(baseline viral load, region, male sex, low adherence), for lack
of virological suppression (baseline viral load, adverse social
life events in the mother), and for low adherence (adverse
social live events in the mother, female sex, early diagnosis).
We also show the risk factors as a chain of events from birth
leading to death.

Implications of all the available evidence

Key areas for intervention include reducing baseline viral load
through stronger maternal or neonatal interventions, possibly
including long-acting agents or broadly neutralizing
antibodies. Also, strong, and sustained health and social
support for mothers and children living with HIV during
pregnancy and the infant’s early life.

for rapid HIV diagnosis and early antiretroviral therapy
(ART) initiation in all infants* only 57% of children are
receiving ART, compared to 77% of adults.’

The CHER trial demonstrated that mortality declined
from 16% to 4% in children treated at diagnosis instead
of initiating treatment when symptoms or signs of
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immunosuppression occurred,’ but even if ART is
initiated within the first few days of birth, the risk of
adverse outcomes in infants born with HIV in high-
prevalence settings during first years of life remains
excessive."* Risk factors associated with higher mortal-
ity and poor virological control include baseline VL,**
CD4%,"7 birth weight, gestational age, sex, neonatal
hospitalization,” maternal age and adherence to ART,*’
ART initiation >6 months," child adherence, and so-
cial factors as having refrigerator,” among others.

Early treated infants have garnered interest for po-
tential cure strategies.*'*'" The Early Treated Perinatally
HIV Infected Individuals: Improving Children’s Actual
Life (EPIICAL) Consortium was formed in 2016, aiming
to identify candidates for proof-of-concept trials focused
on an HIV cure. The first step towards this goal was
establishing the Early Anti-Retroviral Treatment in
Children (EARTH, NCT05784584) Cohort in South Af-
rica, Mozambique, and Mali.

This study presents data on the probability of death,
virological suppression, severe immunosuppression, and
healthcare engagement in CLHIV who initiated ART
early during their first years of life in the EARTH Cohort.

Methods
Study design and participants
EARTH Cohort is a prospective, multicentre study of early
treated CLHIV followed for up to 4 years. This cohort was
followed in 4 urban and 2 rural settings in Johannesburg,
Cape Town, uMkhanyakude District in Kwa-Zulu Natal
(South Africa), Maputo and Manhica (Mozambique), and
Bamako (Mali)—see Appendix for details on enrolling
centres. Recruitment occurred between May 1st, 2018,
and May 1st, 2021, and follow-up ended in February 2024.
We included infants infected very early in life (<90
days) and who started ART very early (<90 days after
diagnosis). Inclusion criteria were age below 180 days of
age at ART initiation with 2 positive molecular tests (DNA
or RNA PCR) positive for HIV, including infants with
perinatally-acquired HIV who started ART at <90 days
after HIV diagnosis; or breastfed infants identified as
having HIV <90 days of age and who started ART <90
days after diagnosis. Written informed consent from the
caregivers/legal representatives was obtained. Exclusion
criteria included second and successive HIV RNA PCR
negative before initiation of ART, not being naive for ART,
not being able to do the follow-up, malignancy at diag-
nosis, current concomitant immunosuppressive therapy
(including >15 days and >2 mg/kg/day of prednisone-
equivalent), any situation that precludes inclusion in the
study, at the discretion of the investigator, and withdrawal
of consent. All mothers had access to public healthcare
services, including a primary health-care program, pre-
vention of vertical HIV transmission and ART programs.
An independent Endpoint Review Committee (ERC)
was set up to consider if deaths were likely related to

www.thelancet.com Vol 73 July, 2024

HIV, or if the relationship was not clear. The members
(CF, HR, PA) were selected among paediatric HIV
specialists who were members of the institutions of the
EPIICAL Consortium, but not directly involved in the
care of children enrolled in the cohort. All the experts
had access to the information available in the database,
plus additional, specific information if requested.

The independent Ethics and Institutional review
boards of all the participating institutions and Countries
approved the study.

Procedures

All infants were screened for HIV within 6 weeks after birth
according to the local protocols. In South Africa, children
were generally tested at birth using a centralized test
detecting total nucleic acid, with families collecting results
1-4 weeks later. In Mozambique and Mali, children were
tested between 4 and 6 weeks of age using point-of-care
(POC) nucleic acid PCR, with results given on the same day.
The methods for diagnosis and posterior VL analyses at
each site are described in the Supplementary Material.

After confirmation of HIV diagnosis in a different
blood sample, infants started ART immediately following
national guidelines, and were enrolled in the study. In-
fants were followed two, six, 12 and 24 weeks after
enrolment, and then every 6 months for up to 4 years.
Clinical data, adherence and psychosocial events data, and
blood for VL (quantification of HIV-RNA in plasma) and
CD4 count, and percentage were collected at all the
scheduled visits.

Additional biological samples were collected annu-
ally for further immunological and virological evalua-
tion, including reservoir size. In case of missing visits,
the study staff (including community-based field-
workers) contacted the family, checked if the child was
alive, and rebooked missed visits.

Study definitions
All-cause mortality
Mortality due to any cause.

HIV-related mortality

Mortality in a child attributable to HIV related diseases,
according to the consensus of an external ERC
comprising three external experts.

Virological suppression

Having >2 consecutive viral load (VL) measurements
below the limit of detection across the sites (20 cp/mL in
5 sites, 150cp/mL in one site), in the tests performed at
the visits.

Sustained virological control
Having at least 12 months of follow-up and VL below
lower limit of detection during the last 12 months
(having at least 3 tests, with a maximum interval be-
tween tests of 6 months).
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Sustained immunological control

No significant immunosuppression during the last 12
months (minimum 3 tests, maximum interval between
tests, every 6 months) according to WHO definition: CD4
percentage (%) >35% during first 11 months of life, >30%
from 12 to 35 months, >25% from 36 to 59 months."

Severe immunosuppression

Any values at or below age-related CD4 thresholds below
which children have a greater than 5% chance of disease
progression to severe clinical events or death in the next
12 months. This is, <25% for children <11 months, <20%
for children from 12 to 35 months, and <15% from 36 to
59 months."

Infant’s optimal adherence in one specific visit

None of the following events: a) amount of medication
more than foreseen in the container, b) run out of med-
icines, c) an ART interruption for a time more than 10%
of the days between 2 visits or d) missing more than 10%
of planned ART doses between visits, or e) a delay in
collecting ART greater than 10% in the number of days
between visits.

Adherence during follow-up
% of visits with optimal adherence to ART during the
follow-up.

Engaged in care

Not being lost to follow-up (LTFU) over the study. LTFU
included any patient missing visits during at least 1 year
and who could not be reachable after a reasonable num-
ber of efforts. The event was assigned at the last visit
performed.

Maternal adverse social life events

Any adverse change in employment (leading to unem-
ployment and/or irregular work and/or lower pay for a
job taken up), separation or relationship break-up, new
partner, loss of home or move, death in the family, or
other perceived adverse social life events during the
study period (including domestic violence, alcohol or
drug abuse, or unemployment perceived as adverse).

Maternal health issues
Any health problem affecting the mother during the
follow-up

Weight/Height for age: Z-scores were calculated
using Child Anthropometry z-Score calculator imple-
mented in zscorer R package using WHO Growth
Reference z-scores.

(D4 1-year slope

defined as the % CD4 change per year (cells/mm3/year)
was calculated as the slope of a best-fit line obtained by
linear regression of CD4 T cell percentage during one
year against the time since ART initiation.

Endpoints

The primary endpoint was probability of all-cause mor-
tality over time. The secondary endpoints were proba-
bilities of HIV-related mortality, virological suppression,
severe immunosuppression, engagement in care, and
adherence over time.

Statistical analysis

This is a study with a convenience sample whose size
was based on the ability to recruit participants fulfilling
the inclusion criteria sites. We expected to recruit a
minimum of 150 patients at all sites over the recruit-
ment period. Assuming a 30% loss to follow-up, we
expected a set of 100 patients to analyse at the end of the
study.

Data was summarized in tables by average (standard
deviations) or medians and interquartile ranges [IQR]
for continuous variables and absolute counts and per-
centages for categorical variables. In summary tables of
categorical variables, comparisons were assessed using
Fisher’s exact test and Mann-Whitney U test for
continuous variables. To analyse the probability of each
endpoint Kaplan-Meier curves were performed. A
competing risk multivariable Cox regression was per-
formed including unclear-relationship cause of death as
a competing risk for the HIV-related death. LTFU was
treated as censoring event. Each endpoint model was
adjusted by baseline covariates (excluding the respective
outcome) such as region, sex, baseline CD4, CD4% 1-
year slope, age at diagnosis, age at ART, ART
regimen, percentage of visits with suboptimal adher-
ence during follow-up, and baseline children WHO
reference weight-for-age (WAZ) and longitudinal time-
dependent covariates such as measurements of VL or
presence of mother’s social or health issues. Charac-
teristics of the variables, including units in the case of
quantitative variables and levels in the case of qualitative
variables are specified in Table 1. Selection of potential
covariates was made according to mortality predictors
shown in literature. Backward stepwise elimination was
applied to reach the final multivariable model and
Akaike Information Criterion (AIC) was used to identify
the best fitting model. To assess the probability of hav-
ing a suboptimal adherence over time (<90%), a multi-
variable binomial regression was performed including
having suboptimal adherence as outcome weights as
weighted by the number of visits. Covariates such as
region, sex, age at ART, ART regimen, age at diagnosis,
presence of mother’s social or health issues, WAZ,
baseline VL, and baseline CD4 were included in the
adherence-related model.

To build the primary endpoint (mortality) multivari-
able model, a non-parametric missing value imputation
was done. Continuous and categorical variables
included in the model were imputed using Random
Forest algorithm implemented in missForest R package.
Imputation error had a 0.131 normalised root mean
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Characteristics N, (%)-Median

[1QR]

Enrolling site
South Africa 125/215 (58.3%)

Family Center for Research with Ubuntu, 50/215 (23.3%)
Tygerberg Hospital (Cape Town)

Perinatal Health Research Unit, Hospital Chris 44/215 (20.5%)
Baragwanath (Johannesburg)

Africa Health Research Institute (KwaZulu
Natal)

Mozambique

31/215 (14.4%)

79/215 (36.7%)

Centro de Investigagao en Saude de Manhica 45/215 (20.9%)

(Maputo)

Ariel Foundation (Maputo) 34/215 (15.8%)

Mali 11/215 (5.1%)
Gabriel Touré Hospital (Bamako, Mali) 11/215 (5.1%)

Time of follow-up

Months 34.0 [16.3; 44.1]
Female

N (%) 101/215 (47.0%)
Preterm birth

N (%) 70/204 (34.3%)
Weight-for-age z-score

Z-score -1.16

[-2.15; -0.21]

Age at HIV diagnosis

Days of life 31.0 [0.0; 48.0]

Age at ART initiation
Days of life 34.0 [26.0; 73.0]
ART regimen initiation
3 TC + ABC + LPV/r
3 TC + ABC + NVP
3 TC + AZT + LPV/r
3 TC + AZT + NVP
Children WHO Clinical stage at baseline

140/215 (65.1%)
3/215 (1.4%)
38/215 (17.7%)
34/215 (15.8%)

Stage | 194/214 (90.7%)
Stage |l 9/214 (4.2%)
Stage Il 6/214 (2.8%)
Stage IV 5/214 (2.3%)

Baseline viral load (log10 copies/mL)

4.95 [3.58; 5.82]
>5 logs 104/211 (49.3%)

Baseline CD4 (Cell/mm?)

Percentage CD4 37.1[29.0; 45.4]
<15% 10/202 (5.0%)
15-25% 15/202 (7.4%)
>25% 177/202 (87.6%)

Baseline absolute CD4 count

Cell/mm? 1797 [1046; 2624]

IQR: interquartile range. ART: antiretroviral therapy. WHO: World Health
Organization. 3 TC: lamivudine. ABC: abacavir. LPV/r: lopinavir-ritonavir. AZT:
zidovudine. 13/215 (6%) patients presented missing baseline CD4%, and 4/215
(1.8%) patients presented missing VL at baseline.

Table 1: Study population characteristics (N = 215).

square error and a 0.005 proportion of falsely classified
entries. A complete-case analysis was done excluding
missing values were performed for the secondary
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endpoints. A p-value <0.05 was considered statistically
significant. All analyses were performed using R
(version 4.1.1).

Role of the funding source

EPIICAL is a consortium funded by ViiV Healthcare.
The funder was not involved in the analysis and inter-
pretation of data, writing of the report, or the decision to
submit the paper for publication. The corresponding
authors had access to all data and take final re-
sponsibility for the decision to submit.

Results

Of 266 infants initially approached; 215 participants
were included in the analysis (Fig. 1). The median
follow-up duration by the time of analysis was 34.0
months [16.3; 44.1], representing 528.9 person-years of
follow-up. Maternal features are reported in
Supplementary Table S1.

One hundred and one of 215 participants (47.0%)
were females. The median age at HIV diagnosis was 31
days [0; 48] (Supplementary Figure S1), and the median
age at ART initiation was 34 days [26; 73]. The baseline
median WAZ was -1.16 [-2.15; —0.21], and median
height for age z-score (HAZ) was —1.85 [-2.93; -0.86]. A
total of 70 out of 204 (34.3%) infants were premature
(<37 weeks of gestational age), and low birthweight
(<2500 g) occurred in 48 out of 215 (22.3%) infants.
Median baseline VL was 4.95 [3.58; 5.82] log10 copies/
mL, and median baseline CD4% was 37.1% [29.0; 45.4]
(Table 1). The most common first-line ART regimen at
initiation was lamivudine (3 TC) + abacavir
(ABC) + lopinavir/ritonavir (LPV/r) (Table 1). Twenty-
two (10.2%) participants switched to dolutegravir
(DTG) during the follow-up according to national policy
in Mozambique.

A total of 25 of 215 (11.6%) participants died during
the follow-up. The mortality varied by region, with 8/125
(6.4%) in South Africa, 15/79 (19.4%) in Mozambique,
and 2/11 (18.2%) in Mali (p = 0.019) (Fig. 2). The ERC
attributed the cause of death to likely HIV-related causes
in 8 of 25 (32%) infants, resulting in a likely HIV/AIDS-
related CFR of 3.7% (8/215). The primary causes of
death are reported in Supplementary Table S2. The
median age of death was 5.3 months [3.0-9.6], ranging
from 1.5 months to 22.3 months. Deaths occurred after
a median of 2.8 months on ART [0.7-8.4], with a range
of 0.3-21.1 months.

The probability of all-cause mortality 1 year after
enrolment was 10% (95% CI, 6%-14%), and it increased
to 129 (95% CI, 8%—-17%) at 2 and remained in 12% 3
years after enrolment (Fig. 3). For HIV/AIDS-related
mortality, the probability was 4% (95% CI, 1%-7%) at
1 year and 5% (95% CI, 2%-8%) at 2 and 3 years.

In a competing risk Cox model to analyse mortality
risk factors, the best-fitting model included baseline VL,
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Screened
Excluded N=46 (17.3%
( N=266 ’ xeu F?efusal N=2(0 )
>90 days after enrolimentN=7
R <1.5 kg weight N=3
Not naive N=3
Seh\f;?;ai}liggs':?ﬂ
Enrolled Other N=4
N=220 ART stock out N=1
‘ Analyzed J_, Excluded N=5 (2.3%)
N=215 Eventually tested negative N=5
Left the study or Died Completed On follow-up
lost to follow-up N=25 (11.6%) follow-up N=76 (35.3%)
N=63 (29.3%)

N=51 (23.7%)

Fig. 1: Cohort flowchart.

sex, CD4% slope during follow-up, age at ART initiation,
and region. Only baseline VL, CD4% slope, and region
were significant. Baseline VL was significantly associ-
ated with both likely HIV-related [HR, 2.98 (95% CI,
1.25-7.12)], and unclear relationship with HIV causes of
death [HR, 1.75 (95% CI, 1.09-2.80)]. Likewise, CD4%
slope was significantly associated with both causes of

CAUSES OF DEATH

Pneumonia 36%

VEBiGition 8%

SEEE 89,

VEEYia 4%

death [HR, 0.69 (95% CI, 0.46-1.03) and 0.68 (95% ClI,
0.51-0.90)]. Patients from Mali had a higher probability
of death with an unclear relationship with HIV
compared to South Africa [HR, 13.8 (95% CI,
1.92-98.8)] (Supplementary Table S3, Fig. 4).

For secondary outcomes, approximately half of the
infants achieved virological suppression, with 98 out of

CASE FATALITY RATIO
11060/0

15/79
Unknown :
QUE 19%
HIV-related 3.
Tubercul oS PAL) related 3.7%
Other causes 7.9%
i 0
DIElbea 8% s

6.4%

2/

1802°/°

Fig. 2: Mortality summary showing the causes of death and mortality according to HIV/AIDS relationship and region of recruitment.
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Fig. 3: Kaplan-Meier function showing the probability of mortality. Panel A: All-cause mortality probability (larger panel: relative to 100% of the
participants; smaller panel: zoom with a different scale Y-axis). Panel B: HIV-related mortality probability (larger panel: relative to 100% of the

participants; smaller panel: zoom in the first part of the curve).

193 patients with enough data according to the sup-
pression definition (50.7%) reaching this milestone at
some point. For them, the median time to suppression
was 5.5 months [2.07-15.57] (Supplementary Figure S2).
The probability of achieving suppression at some point
was 38% after 1 year of ART (95% CI, 30—-44%), 50% at 2
years (95% CI, 42-57%), and 60% at 3 years (95% CI,

51-67%) (Supplementary Figure S3). However, at every
visit, there was a proportion of children who changed
from undetectable to detectable, across the study. This
proportion varied, and the average was 23.9%. Most pa-
tients with available data who died (18/19, 94.7%) or
were LTFU (44/58, 75.8%) had detectable VL in the
previous visit (Supplementary Figure S4).
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Fig. 4: Significant associations between risk factors and endpoints. Numbers
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In the multivariable Cox model to predict suppres-
sion, covariables such as baseline VL and presence of
maternal adverse social adverse events before suppres-
sion were included according to AIC selection method.
Factors associated with the viral suppression included
baseline VL [HR: 0.72 (95% CI, 0.58-0.89, p = 0.003)]
and maternal adverse social life events after birth and
before VL tests [HR: 0.26 (95% CI, 0.15-0.45,
p < 0.001)].

Among patients with >1 year of follow-up and >2
VL measurements, 61 of 146 (41.8%) achieved sus-
tained virological control for at least 1 year. However,
only 27 of these 61 (45%) had optimal adherence in
>90% of the visits. Interestingly, 22 of 61 (36.1%) did
not achieve sustained immunological control to normal
for age despite virological control (Supplementary
Figure S5).

The median percentage of visits with optimal
adherence to ART was 80.9% (IQR, 62.5-100%), 33/
206 (16%) children with available data had less than
50% of visits with optimal adherence, and 97/206
(47.1%) had between 50% and 90%. Infants diagnosed
early were more likely to have <90% visits with optimal
adherence (OR 1.12 (95% CI, 1.01-1.27), p = 0.045).
Females were more likely to have <90% visits with
optimal adherence (OR 1.25 (95% CI, 1.00-1.56),
p = 0.051). The presence of prior maternal adverse so-
cial life events was significantly associated with infant
adherence <90% (OR: 2.52 (95% CI, 2.16-12.37,
p < 0.0001).

Severe immunosuppression occurred in 104/208
(50%) of participants at some point during the study.
The probability of having ever experienced severe
immunosuppression at 1, 2, and 3 years of ART was
37% (95% CI, 29-43%), 46% (95% CI, 38-53%) and
50% (95% CI, 48-57%) respectively (Supplementary
Figures S6 and S7). Associated factors included
higher baseline VL (HR: 1.20 (95% CI, 1.01-1.43),
p = 0.048), sex (males, HR: 1.94, (95% CI, 1.27-2.95;
p = 0.002)), and the region of recruitment: patients
from Mali were more likely to have severe immuno-
suppression than South Africa (HR: 6.26 (95% CI,
2.17-18.02), p = 0.001). The higher percentage of visits
with suboptimal adherence, the higher probability of
severe immunosuppression (HR: 2.51 (95% CI,
1.02-6.23), p = 0.046, Fig. 4).

Globally, 63/215 (29.3%) participants were LTFU.
After 1, 2 and 3 years, the probability of engagement in
care was 87% (95% CI, 83-92%), 82% (95% CI,
77-88%) and 71% (95% CI, 64-78%), respectively
(Supplementary Figure S8). The percentage of visits
with suboptimal adherence was significantly associated
with the probability of LTFU (HR: 5.16 (95% CI,
1.38-19.4), p = 0.015). Maternal health issues were
inversely associated with the probability of LTFU (HR:
0.43 (95% CI, 0.20-0.90), p = 0.026).

Discussion

The EARTH study examined the long-term outcomes
for infants with perinatally-acquired HIV who began
early ART in three African nations. Despite monitoring
them two, six, 12 weeks and 24 weeks after enrolment,
and then biannually for up to 4 years, the study revealed
concerning mortality, loss to follow up and sub-optimal
virological suppression rates, particularly within the
initial six months of life.

The overall all-cause mortality proportion over the
follow-up (median, 34 months) was 12%, higher than the
7% (95% CI 6-8) at 24 months reported in a meta-
analysis of children living with HIV in sub-Saharan Af-
rica from 2001 to 2016, or the 4% observed in the
CHER trial over 40 months.’ However, the only infants
eligible for CHER were those who did not meet CD4 and
clinical criteria to start ART, so they were preselected to
have lower risk of death. Also, the CHER trial and most
studies in the metanalysis enrolled participants later in
life (CHER, 7.4 [6.6-8.9] weeks, metanalysis, 4.4 years),
so children with most advanced disease already died
before getting onto ART. Our study showed mortality
rates of 10% in the first year, in line with recent real-life
paediatric cohorts showing 7%-18%.*” Mortality seems
to be lower in infants with optimal features, very early
diagnosis and treatment and optimal follow-up enrolled
in interventional studies: 3/73 (4%) at 48 weeks in infants
treated before 14 days of life in South Africa,'* 2/40 (5%)
at 24 weeks in Botswana, and 2/54 (3.6%) at 24 weeks in
the IMPAACT P1115 study, both receiving full ART
within the first 48 h of life.”' In any case, while HIV care
has improved globally, young infants and their families
still face significant challenges.

Interestingly, only a third of deaths were directly
attributed to HIV. However, risk factors were similar for
both groups (HIV-related and unclear causes), including
VL (albeit 3-fold for HIV-related compared to other) and
CD4% slope, suggesting a potential role of HIV also in
those children with unclear relationship with HIV. This
may also underscore the social and health vulnerability
of high-risk infants with HIV, potentially exacerbated by
maternal adverse social events and poor adherence,
which all contributing to poor virological suppression
and severe immunosuppression (Fig. 4).

Baseline viral load consistently correlated with adverse
outcomes, indicating the need for better interventions to
decrease the peak of viremia. Better maternal ART
adherence during pregnancy and after delivery may
reduce VL in those infants who acquire infection despite
maternal ARTSs.” Three-drugs ART from birth may be an
option. Potent drugs such as DTG are desirable, although
not currently available for infants under four weeks of age.
Additional therapeutic approaches, such as early long-
acting ART or broadly neutralizing antibodies, may also
contribute to achieving earlier viral suppression and
potentially reducing mortality.
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Most deaths occurred within the first six months,
emphasizing the importance of frequent follow-up,
emotional and adherence support, and counselling
during this critical period.'®*

In our study, only 50% of participants achieved viral
suppression within two years. Also, as one fifth of
children relapsed to detectable at every visit, only 42%
maintained virological control during one year of follow-
up, consistent with other cohorts.*”*

Interestingly, some children presented sustained
undetectable VLs with poor adherence, which suggests
potential spontaneous control. Female sex and maternal
adverse social events, but also lower age at diagnosis
were associated with poor adherence. Younger age at
diagnosis being associated with worse adherence is a
concerning finding but adds to the evidence of the
considerable challenges for mothers of attaining optimal
adherence with neonatal treatment even with early
diagnosis.”

There are limitations to our study. Overall, the sam-
ples size is small, especially in some sites as Mali—which
has an impact in the risk estimation. Mortality may be
underestimated due to LTFU (29% of participants) with
unknown outcomes. Also, not all the participants
completed 4 years of follow-up at the time of the report,
so mortality and LTFU may be underestimated, as well as
other endpoints related with long-term follow-up. In
studies preceding wide ART availability, 38% of children
LTFU and traced had died."® Virological suppression and
severe immunosuppression were considered as terminal
events, so we considered only the first time that the event
happened, but those events theoretically might happen
on-off during the follow-up. Our study considered only
one primary cause of death, potentially overlooking other
contributing factors. Also, classification into “HIV/AIDS
likely related” and “unclear relationship with HIV/AIDS”
may have a subjective component, and the ERC often
lacked relevant information to classify confidently—
which may impact the results. Some biases may happen,
as channelling bias because participants were enrolled in
a non-randomised fashion hence baseline differences
existed; multi-country differences in HIV implementa-
tion programs are different hence bias may have been
introduced. Self-reported measures such as those on
perceived social issues, health problems, or adherence
may introduce social-desirability bias. Variation in time of
those issues was not included in the models. Spikes be-
tween visits’ tests could not be detected with this scheme.
The median time of diagnosis and ART initiation was not
the same, likely due to the verification of positive HIV
status, counselling, family discussion and consent. We
were not able to differentiate between infection in utero,
during delivery or after delivery via breastfeeding. This
may have influenced the lack of association of age at ART
with the analysed endpoints. Finally, we have done
imputation of missing data in the primary endpoint,
whereas secondary endpoints were not imputed.
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Although the difference in the final numbers is likely to
be small, this represents a limitation.

In summary, infants with perinatally acquired HIV,
despite early ART initiation, face a high risk of death in
their early months. The risk is higher in those disad-
vantaged by high baseline VL in a suboptimal health
system, coupled with adverse social events among
caregivers. These lead to a negative spiral of poor
adherence to treatment, lack of virological suppression,
immunosuppression, and death. Interventions should
focus on strengthening health systems, reducing base-
line viral loads, and providing strong health and social
support to the mother and the child during pregnancy
and the infant’s early life.
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