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Summary
Background Infants born with HIV-1 require lifelong antiretroviral therapy (ART). We aimed to assess whether very 
early ART in neonates might restrict HIV-1 reservoirs, an important step towards ART-free remission.

Methods IMPAACT P1115 is an ongoing, phase 1/2, proof-of-concept study in which infants were enrolled at 
30 research clinics in 11 countries (Brazil, Haiti, Kenya, Malawi, South Africa, Tanzania, Thailand, Uganda, the USA, 
Zambia, and Zimbabwe) into two cohorts. Infants at least 34 weeks’ gestational age at high risk for in-utero HIV-1 
with either untreated maternal HIV-1 (cohort 1) or who were receiving pre-emptive triple antiretroviral prophylaxis 
outside of the study (maternal ART permissible; cohort 2) were included. All infants initiated treatment within 48 h 
of life. Cohort 1 initiated three-drug nevirapine-based ART, and cohort 2 initiated three-drug nevirapine-based 
prophylaxis then three-drug nevirapine-based ART following HIV diagnosis by age 10 days. We added twice-daily 
coformulated oral ritonavir 75 mg/m² and lopinavir 300 mg/m² from 14 days of life and 42 weeks postmenstrual age. 
We discontinued nevirapine 12 weeks after two consecutive plasma HIV-1 RNA levels below limit of detection. We 
tracked virological suppression, safety outcomes, and meeting a predetermined biomarker profile at age 2 years 
(undetectable RNA since week 48, HIV-1 antibody-negative, HIV-1 DNA not detected, and normal CD4 count and 
CD4 percentage) to assess qualification for analytical treatment interruption. This study is registered with 
ClinicalTrials.gov, NCT02140255.

Findings Between Jan 23, 2015, and Dec 14, 2017, 440 infants were included in cohort 1 and 20 were included in 
cohort 2. 54 of these infants (34 from cohort 1 and 20 from cohort 2) had confirmed in-utero HIV-1 and were enrolled 
to receive study ART. 33 (61%) of 54 infants were female and 21 (39%) were male. The estimated probability of 
maintaining undetectable plasma RNA through to 2 years was 33% (95% CI 17–49) in cohort 1 and 57% (28–78) in 
cohort 2. Among infants maintaining protocol-defined virological control criteria through to study week 108, 
seven of 11 (64%, 95% CI 31–89) in cohort 1 and five of seven (71%, 29–96) in cohort 2 had no detected HIV-1 DNA. 
Ten of 12 (83%, 52–100) in cohort 1 and all seven (100%, 59–100) in cohort 2 tested HIV-1 antibody-negative at 
week 108. Among 54 infants initiated on very early ART, ten (19%; six in cohort 1 and four in cohort 2) met all criteria 
for possible analytical treatment interruption. Reversible grade 3 or 4 adverse events occurred in 15 (44%) of 34 infants 
in cohort 1 and seven (35%) of 20 infants in cohort 2.

Interpretation Very early ART for in-utero HIV-1 can achieve sustained virological suppression in association 
with biomarkers indicating restricted HIV-1 reservoirs by age 2 years, which might enable potential ART-free 
remission.
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Copyright © 2023 Elsevier Ltd. All rights reserved.

Introduction
Annually, 1·3 million women living with HIV-1 become 
pregnant worldwide. Babies born to mothers with HIV-1 
not receiving antiretroviral therapy (ART) are at high risk 
of vertical transmission.1 Babies acquiring HIV-1 need 
lifelong ART because HIV-1 latency is established early 
in resting memory CD4 T cells.2 If ART is interrupted, 

HIV-1 viraemia typically returns within 2–4 weeks.2 New 
treatment approaches prolonging ART-free remission 
would advance HIV-1 therapies for children.

The case of the so-called Mississippi baby, who initiated 
ART at age 30 h and was treated for 18 months before 
achieving 27 months of ART-free remission (aviraemia 
and HIV-1 seronegative status), suggests that very early 
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ART might restrict formation of latent reservoirs.3,4 
Although viraemic rebound occurred in that infant, the 
27 months of aviraemia off ART with non-detectable 
HIV-1 DNA and seronegative status remains notable for 
HIV-1 remission and cure therapeutics.

HIV-1 seronegative status and non-detectable HIV-1 
DNA with early (by age 2–3 months) treatment of perinatal 
transmission do not indicate HIV-1 remission.5,6 The 
International Maternal Pediatric Adolescent AIDS Clinical 
Trials Network (IMPAACT) study P1115 is an ongoing 
phase 1/2 proof-of-concept trial aiming to evaluate whether 
ART-free remission of in-utero HIV-1 can be induced by 
ART initiation within 48 h of life in neonates at high risk 
for HIV-1 acquisition.7 We hypothesised that this approach 
could reduce HIV-1 reservoirs to levels enabling potential 
ART-free remission. Here, we report 2-year virological and 
safety outcomes from IMPAACT P1115, as well as factors 
associated with maintaining strict virological control 
through to age 2 years, for possible analytic treatment 
interruption to assess remission.

Methods
Study design and participants
IMPAACT P1115 is an ongoing, phase 1/2, proof-of-
concept study in which infants were enrolled at 
30 research clinics in 11 countries (Brazil, Haiti, Kenya, 
Malawi, South Africa, Tanzania, Thailand, Uganda, 
the USA, Zambia, and Zimbabwe) into two cohorts. 
Infants at least 34 weeks’ gestational age at high risk for 
in-utero HIV-1 (untreated maternal HIV-1) were included 
in cohort 1. Infants at least 34 weeks’ gestational age at 
high risk for in-utero HIV-1 who were receiving pre-
emptive triple antiretroviral prophylaxis outside of the 

study (maternal ART permissible) were included in 
cohort 2. 

We obtained written informed consent from each 
study participant’s mother or legal guardian. Each local 
institutional review board or ethics committee provided 
oversight and approval for the study.

Procedures
For infants in cohort 1, within 48 h of birth before HIV-1 
was confirmed we pre-emptively initiated ART with a 
study regimen of two nucleoside reverse transcriptase 
inhibitors (NRTIs; for infants weighing 2 to <3 kg: 
zidovudine at 1 mL of a 10 mg/mL liquid formulation 
twice daily or abacavir at 0·4 mL of a 20 mg/mL liquid 
formulation twice daily, plus lamivudine at 0·5 mL of a 
10 mg/mL liquid formulation twice daily; for infants 
weighing 3 to <4 kg: zidovudine at 1·5 mL of a 10 mg/mL 
liquid formulation twice daily or abacavir at 0·5 mL of a 
20 mg/mL liquid formulation twice daily, plus lamivudine 
at 0·8 mL of a 10 mg/mL liquid formulation twice daily) 
plus oral nevirapine, dosed 6 mg/kg twice daily in term 
neonates (≥37 weeks’ gestational age) or 4 mg/kg twice 
daily for 1 week, followed by 6 mg/kg twice daily 
thereafter for preterm neonates (34 to <37 weeks’ 
gestational age).7 Infants testing negative for HIV-1 
discontinued study ART and transitioned to local 
antiretroviral prophylaxis; infants testing positive for 
HIV-1 continued with study ART. Infants in cohort 2 
were receiving three-drug nevirapine-based prophylaxis 
(zidovudine or abacavir plus lamivudine, plus nevirapine) 
as part of clinical care within 48 h of birth before study 
enrolment. They enrolled after having at least one 
positive nucleic acid test for HIV-1 before study entry and 

Research in context

Evidence before this study
Antiretroviral therapy (ART)-free remission of in-utero 
infection would save a child from a lifetime of ART and advance 
strategies to restrict and control neonatal HIV reservoirs. 
We searched PubMed from Jan 1, 1994, to May 1, 2013, for 
“pediatric HIV”, “perinatal HIV”, “in-utero infection”, “very early 
ART”, “treatment interruption”, “ART-free remission”, 
“functional cure”, and “HIV clearance” in any language. We 
found one case report of clearance of HIV infection in a 
perinatally infected infant. We repeated the search on 
July 15, 2023, and found three studies on the very early 
treatment of neonates to achieve ART-free remission. The 
studies show the feasibility of test and treat for neonates with 
in-utero HIV-1 and the challenges of adherence to daily ART in 
infants.

Added value of this study
This study contributes novel data on HIV reservoirs in children 
who initiated very early ART and informs the feasibility of very 
early treatment of newborn infants in multiple countries, 

especially in sub-Saharan Africa, where the burden of new 
perinatal HIV infections predominates. The long-term safety 
and tolerability of this very early four-drug ART regimen is 
vital to the field. The study adds to the body of knowledge of 
the potential effects of very early or pre-emptive treatment of 
in-utero HIV in newborn infants, including limiting the 
establishment of HIV reservoirs. The study findings provide 
information about the virological and immunological effects 
of very early treatment approaches in neonates and 
biomarkers of ART-free remission once the primary objective 
of the study is evaluated through analytical treatment 
interruption.

Implications of all the available evidence
The study highlights the challenge of sustained virological 
suppression with current neonatal nevirapine and ritonavir-
boosted lopinavir-based ART regimens, emphasising the need 
for improved antiretroviral drugs to enhance viral control in 
infancy. Ongoing clinical trials will continue to inform remission 
and cure as outcomes of HIV therapeutics for this population.
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initiated the study ART regimen (as described for 
cohort 1) within 10 days of life.

For both cohorts, because a four-drug protease-inhibitor-
based regimen has the potential to increase virological 
suppression,8 we added ritonavir-boosted lopinavir (twice-
daily coformulated oral ritonavir 75 mg/m² and lopinavir 
300 mg/m²) when age-appropriate (after age 14 days and 
42 weeks’ postmenstrual age). We stopped nevirapine 
12 weeks after the first confirmed viral load below the limit 
of detection and followed up all infants through to week 24. 
Thereafter, infants needed to maintain a viral load less 
than the limit of detection using the Roche COBAS 
TaqMan HIV-1 RNA assay (Roche Molecular Systems, 
Branchburg, NJ, USA; 20 copies per mL) or the Abbott 
RealTime HIV-1 RNA assay (Abbott Molecular, Des 
Plaines, IL, USA; 40 copies per mL) at week 24 or 36 (later 
amended to viral load <200 copies per mL). Infants also 
needed to maintain a viral load less than the limit of 
detection with target not detected from week 48 onwards. 
Infants were discontinued from the study if confirmed 
plasma viral load (two consecutive viral loads ≤3 weeks 
apart) did not meet these criteria.

Plasma viral load was collected at study entry (within 
48 h of life for cohort 1 and within 10 days for cohort 2), 
by 2 weeks of life (cohort 1), every 4 weeks through to 
week 24, and every 12 weeks thereafter (figure 1A). HIV-1 
DNA was collected at study entry (within 48 h of life for 
cohort 1 and within 10 days for cohort 2), by 2 weeks of 
life (cohort 1), and every 12 weeks thereafter and HIV-1 
antibody testing was done every 12 weeks from week 84 
onwards. CD4 and CD8 cell counts and percentages were 
obtained after confirmation of HIV-1 infection, at 
weeks 2 and 12, and every 12 weeks thereafter. Safety 
monitoring laboratory tests (haematology and chemistry) 
were obtained for each cohort at study entry and at 
weeks 2, 4, 8, 16, and 24, every 12 weeks from week 24 to 84, 
and at week 108. Dried blood spots for pharmacokinetics 
were collected with each safety monitoring test with 
additional pharmacokinetic collections at weeks 12 and 20. 
We collected whole venous blood by venipuncture and 
dried blood spot by finger or heel prick. We quantified 
HIV-1 DNA with a single-amplicon HIV-1 DNA droplet 
digital PCR assay validated across HIV-1 subtypes and 
certified under the Clinical Laboratory Improvement 
Amend ments (sensitivity 1·25 copies per 10⁶ peripheral 
blood mono nuclear cells [PBMCs], limit of detection 
4·09 copies per 10⁶ PBMCs on analyses of 800 000 cells).9 
We measured lopinavir concentrations in dried blood 
spot samples collected randomly in 48 infants between 
weeks 4 and 60, modifying a previously published 
method for liquid-chromatography mass-spectrometry.10

Infants who maintained a viral load less than the limit 
of detection with target not detected from study week 48 
to week 108 and had discontinued breastfeeding became 
eligible for biomarker testing to assess whether they met 
study criteria for initiating analytical treatment inter-
ruption. Criteria included two sequential paired HIV-1 

Figure 1: Schedule of evaluations and study profile
(A) Schedule of evaluations. Study weeks correspond approximately to infant age due to enrolment within 48 h of 
age for cohort 1 and 10 days of age for cohort 2. (B) Study profile. ART=antiretroviral therapy. 
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DNA and antibody tests at least 8 weeks apart, showing 
HIV-1 DNA not detected (minimum of 850 000 cells 
analysed), normal CD4 count and percentage, and 
negative HIV-1 antibody results. HIV-1 antibody testing 
was done in a central laboratory (Quest Diagnostics, 
Baltimore, MD, USA) with a fourth-generation HIV-1/
HIV-2 chemiluminescent microparticle immuno assay 

(Abbott Architect fourth generation HIV Ag/Ab Combo, 
Abbott Diagnostics, Scarborough, ME, USA), beginning 
at week 84 and every 12 weeks thereafter.

Relationships between adverse events and study 
treatment were based on site reports and assessment by 
the study team’s Clinical Management Committee, per 
the Division of AIDS grading system (version 1.0).11

Cohort 1 (n=34) Cohort 2 (n=20)

Region

Africa 33 (97%) 14 (70%)

Asia 1 (3%) 0

North America 0 2 (10%)

South America 0 4 (20%)

Gestational age

34 to <37 weeks 4 (12%) 2 (11%)

≥37 weeks 30 (88%) 17 (89%)

Mode of delivery

Spontaneous vaginal 
delivery

31 (91%) 14 (70%)

Caesarean 3 (9%) 6 (30%)

Twin gestation 0 2 (10%)

Sex

Female 23 (68%) 10 (50%)

Male 11 (32%) 10 (50%)

Age at study entry

Median 22·2 h (12·6–32·6) 8 days (5·5–8·0)

Mean 24·4 h (13·3) 7·2 days (1·9)

Age at first ART, h† 7·3 
(1·8–21·0)

32·8 
(1·1–40·1)

Earliest measured bodyweight, kg‡

Median 2·7 (2·5–3·0) 2·7 (2·3–3·3)

Mean 2·8 (0·4) 2·8 (0·6)

Earliest HIV-1 plasma viral load, log10 copies per mL§

Median 4·9 (4·0–5·3) 4·1 (3·2–5·2)

Mean 4·6 (1·1) 4·2 (1·3)

<10 000 copies per mL 25 (74%) 11 (55%)

≥10 000 copies per mL 9 (26%) 9 (45%)

Earliest HIV-1 DNA load, log10 copies per 10⁶ PBMCs¶

Median 2·4 (1·7–3·0) 2·8 (1·8–3·3)

Mean 2·3 (1·0) 2·4 (1·1)

Earliest CD4 count, cells per µL||

Median 2458·5 
(2080·0–2789·5)

2330·0 
(1923·0–2654·0)

Mean 2480·9 (889·6) 2560·3 (1149·0)

Earliest CD4 percentage||

Median 50·4% (42·0–57·5) 53·5% (45·0–59·0)

Mean 48·7% (13·1) 50·8% (12·2)

Breastfed 33 (97%) 13 (65%)

Maternal age, years**

Median 23·5 (20·5–29·0) 26·5 (23·9–30·2)

Mean 25·2 (5·7) 27·4 (5·3)

Maternal ART exposure 
before pregnancy**

0 4 (21%)

(Table 1 continues in next column)

Cohort 1 (n=34) Cohort 2 (n=20)

(Continued from previous column)

Maternal ART exposure during pregnancy and delivery**

During pregnancy and 
delivery

0 7 (37%)

During pregnancy only 0 2 (11%)

During delivery only 16 (47%) 3 (16%)

None 18 (53%) 7 (37%)

Maternal HIV-1 plasma viral load at enrolment, log10 copies per mL**

Median 4·7 (4·1–5·3) 4·3 (3·0–4·8)

Mean 4·6 (1·0) 4·0 (1·0)

Below limit of detection 
(undetectable)

0 1 (5%)

Above limit of 
detection to <10 000

6 (18%) 8 (42%)

10 000 to <100 000 16 (47%) 6 (32%)

≥100 000 12 (35%) 4 (21%)

Maternal HIV-1 subtype††

A1 1 (4%) 3 (23%)

B 0 5 (39%)

C 20 (87%) 2 (15%)

D 2 (9%) 2 (15%)

F1 0 1 (8%)

Maternal NNRTI resistance††

Lys103Lys or Lys103Asn 1 (4%) 0

Lys103Lys or Lys103Asn, 
Gly190Ser, Lys65Arg

0 1 (8%)

Lys103Asn 1 (4%) 2 (15%)

Thr69Ser or Thr69Thr 0 1 (8%)

Potentially protective infant HLA-B allele‡‡

*57 4 (12%) 0

58:01 3 (9%) 2 (10%)

81:01 3 (9%) 2 (10%)

*27 0 1 (5%)

At least one allele 10 (30%) 5 (25%)

Data are median (IQR), mean (SD), or n (%). Mean (SD) reported for continuous 
measures with reasonably symmetrical distributions. ART=antiretroviral therapy. 
NNRTI=non-nucleoside reverse transcriptase inhibitor. PBMC=peripheral blood 
mononuclear cell. †n=17 in cohort 2. ‡Taken at a median of 1·0 days (IQR 0·0–1·0) 
in cohort 1 and 8·0 days (5·5–8·0) in cohort 2. §Taken at a median of 1·0 days 
(IQR 0·0–1·0) in cohort 1 and 6·5 days (2·0–8·0) in cohort 2. ¶Taken at a median of 
1 day (0–1) in cohort 1 and 8 days (5–8) in cohort 2 (cohort 2 n=19). ||Taken at a 
median of 15 days (IQR 13–16) in cohort 1 and 8 days (5–8) in cohort 2 (cohort 1 
n=32; cohort 2 n=18). **Cohort 1 Nmothers=34; cohort 2 Nmothers=19 (one set of twins). 
††Cohort 1 n=23; cohort 2 n=13. Entry samples were analysed in batch after 2 years 
of follow-up. Ten maternal samples from cohort 1 and two maternal samples from 
cohort 2 were tested with no result; three additional cohort 2 results excluded from 
analysis per team decision. ‡‡Cohort 1 n=33; cohort 2 n=20. 

Table 1: Participant characteristics
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Statistical analysis
Target enrolment was 54 infants with in-utero HIV-1: 
approximately 32 in cohort 1 among 440 enrolled at 
high-risk of in-utero HIV-1 acquisition, and approximately 

22 in cohort 2, to allow 80% or higher probability of 
observing events of interest that occur with frequencies 
of at least one in 100 neonates, such as eligibility for 
analytical treatment interruption. We did not design the 

Figure 2: HIV-1 plasma viral load
(A) Plasma HIV-1 RNA levels (log10 copies per mL) in the first 26 weeks of life by cohort and by reaching study-defined criteria to stay in study follow-up. The first, 
second, and third horizontal lines correspond to plasma HIV-1 RNA of 200 copies per mL (log10 HIV-1 RNA of 2·3), 40 copies per mL (log10 HIV-1 RNA of 1·6), and 
20 copies per mL (log10 HIV-1 RNA of 1·3). The downward grey arrows indicate samples that required dilution for viral load testing due to low plasma volume. 
(B) Kaplan-Meier plot showing the estimated probability of maintaining strict virological control (plasma HIV-1 RNA <200 copies per mL at study week 24 or no 
confirmed detectable plasma HIV-1 RNA after that) through to 114 weeks of age. In cohort 1, there were 21 total events and in cohort 2, there were six total events. 
95% CIs are shown in the shaded red areas. Tick marks indicate a participant was censored. 
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study to compare cohorts because they had different 
entry criteria.

We calculated point estimates and 95% Clopper-
Pearson exact CIs for events chosen a priori (having 

plasma HIV RNA <200 copies per mL at week 24, 
having HIV-1 DNA not detected at week 108, and being 
antibody negative at week 108). We estimated survival 
probabilities by the Kaplan-Meier method, with the 
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estimate through to age 2 years taken from the end of 
the week 108 study visit window (age 114 weeks). 
Samples with HIV-1 DNA less than the limit of 
detection were set to half the limit of detection 
(2·045 copies per 10⁶ PBMCs). Linear mixed-effects 
regressions on HIV-1 DNA (copies per 10⁶ PBMCs) 
through to 26 weeks of life fit age as a linear, fixed 
effect with a random intercept assuming a normal 
distribution and autoregressive covariance structure 
(model selected based on minimising the Akaike 
Information Criterion).

We defined strict virological control as a viral load of 
fewer than 200 copies per mL at week 24 and no 
confirmed detectable (target not detected) plasma 
HIV-1 RNA thereafter. Univariable covariate association 
analyses applied Cox proportional hazards regression for 
time to loss of strict virological control, from birth to the 
initial sample date without strict virological control, 
censored at the earlier of last HIV-1 RNA sample date 
or 114 weeks, using exact ties. We aimed to identify 
virological and immunological characteristics associated 
with strict virological control, such as initial plasma 
viral load, HIV-1 DNA load, and CD4 percentage (full 
list in appendix p 6). We conducted analyses in SAS 
(version 9.4). This study is registered with ClinicalTrials.
gov, NCT02140255.

Role of the funding source
The funders of the study contributed to the study design 
but had no role in data collection, data analysis, data 
interpretation, or writing of the report.

Results
Between Jan 23, 2015, and Dec 14, 2017, 440 infants were 
included in cohort 1 and 20 were included in cohort 2. 
54 of these infants (34 from cohort 1 and 20 from cohort 2) 
had confirmed in-utero HIV-1 and continued or switched 
to receive study ART (table 1 and figure 1B). Most 
participating infants were from sub-Saharan Africa, born 

by spontaneous vaginal delivery, and were breastfed 
(table 1). 33 (61%) of 54 infants were female and 
21 (39%) were male. We initiated ART for cohort 1 at a 
median age of 7·3 h (IQR 1·8–21·0) and triple 
antiretroviral nevirapine-based prophylaxis for cohort 2 
at a median age of 32·8 h (1·1–40·1). We added ritonavir-
boosted lopinavir at median ages of 4·1 weeks in cohort 1 
and 3·0 weeks in cohort 2 and discontinued nevirapine 
at a median age of 29·6 weeks in cohort 1 and 25·7 weeks 
in cohort 2. Among mothers with available specimens, 
two in cohort 1 and three in cohort 2 had Lys103Asn non-
nucleoside reverse transcriptase (NNRTI)-resistance 
mutations (table 1). About a third of infants in cohort 1 
and a quarter in cohort 2 had potentially protective 
HLA-B alleles (table 1). 

Participants were followed up over 2484 person-weeks 
(median 66·4 weeks of age [IQR 40·0–114·0]) in cohort 1 
and 1291 person-weeks (median 54·9 weeks of age 
[27·9–114·0]) in cohort 2. 24 (71%) of 34 participants in 
cohort 1 and 13 (65%) of 20 in cohort 2 were discontinued 
from follow-up before age 2 years. Of those who 
discontinued, 21 (88%) of 24 in cohort 1 and ten (77%) of 13 
in cohort 2 did not meet protocol-defined virological 
criteria for continued study follow-up from week 24 
onwards. Two infants died (unrelated to HIV, both in 
cohort 1), two were lost to follow-up (one in each cohort), 
and two (twins in cohort 2) had withdrawal of parental 
consent for continued follow-up at 59 days of age.

The median earliest viral load for cohort 1 was 4·9 log10 
copies per mL (IQR 4·0–5·3), measured at median 
1·0 days of age (IQR 0·0–1·0). The median earliest viral 
load for cohort 2 infants was 4·1 log10 copies 
per mL (IQR 3·2–5·2), measured at medians 6·5 days of 
age (IQR 2·0–8·0). In cohort 1, viral load decreased by a 
median of 1·80 log10 copies per mL (IQR 1·33–2·22) by 
week 2, 1·93 log10 copies per mL (1·78–2·58) by week 4, 
and 2·62 log10 copies per mL by week 8 (1·56–3·08; 
figure 2A). At week 24, 75% (95% CI 57–89; 24 of 32) in 
cohort 1 and 88% (64–99; 15 of 17) in cohort 2 had a viral 
load less than 200 copies per mL. The estimated 
probability of maintaining strict virological control 
through to 2 years of age was 33% (95% CI 17–49) in 
cohort 1 and 57% (28–78) in cohort 2 (figure 2B).

The median earliest HIV-1 DNA loads for cohort 1 was 
2·4 log10 copies per 10⁶ PBMCs (IQR 1·7–3·0), obtained 
at median 1 day of age (IQR 0–1). The median earliest 
HIV-1 DNA loads for cohort 2 was 2·8 log10 copies 
per 10⁶ PBMCs (IQR 1·8–3·3), obtained at median 
8 days of age (IQR 5–8). Through to 26 weeks of age, 
HIV-1 DNA declined from the first tested timepoint by a 
median of 1·0 log10 copies per 10⁶ PBMCs 
(IQR 0·0–1·3) in cohort 1 and 1·0 log10 copies 
per 10⁶ PBMCs (0·9–1·3) in cohort 2 (figure 3A). Four 
infants with no HIV-1 DNA detected at each timepoint to 
week 108 had HIV-1 RNA detected in peripheral blood. 
In cohort 1, one female infant had an initial plasma viral 
load of 76 copies per mL and no HIV-1 DNA detected in 

Figure 3: HIV-1 DNA load
(A) Boxplots of HIV-1 infected cell concentrations in the first 26 weeks of life by 
cohort with repeated measures regression slopes. Outliers are defined as points 
more than 1·5 × IQR above Q3 or 1·5 × IQR below Q1. Whiskers correspond to the 
lesser of 1·5 × IQR or most extreme observed value. The horizontal grey line 
shows the limit of detection of the HIV-1 DNA assay at 0·612 log10 copies 
per 10⁶ PBMCs. Levels lower than the limit of detection were set to ½ (limit of 
detection). The blue triangles and blue lines represent the data from each 
participant throughout very early ART. Regressions treated time as a linear, fixed 
effect. Splines were evaluated at ages 2 weeks (cohort 1, corresponding to HIV-1 
infection confirmation) and 13 weeks (cohorts 1 and 2, corresponding to the 
week 12 visit). Akaike Information Criterion was minimised for random 
intercept and fixed slope (eg, the model for each cohort fit best without splines). 
(B) HIV-1 DNA through to 114 weeks of age, by cohort and by study status (on 
or off study). The horizontal grey line shows the limit of detection of the HIV-1 
DNA assay at 0·612 log10 copies per 10⁶ PBMCs. Only infants meeting study-
defined virological control criteria stayed in the study past week 24 
(corresponding to 26 weeks of age). ART=antiretroviral therapy. 
PBMC=peripheral blood mononuclear cell.
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1 042 400 PBMCs; one female infant had an initial 
plasma viral load of 200 copies per mL and no HIV-1 
DNA detected in 307 200 PBMCs; and one male infant 
had an initial plasma viral load of 1634 copies per mL 

and no HIV-1 DNA detected in 646 400 PBMCs. In 
cohort 2, one male infant had an initial plasma viral load 
of 1969 copies per mL, and no HIV-1 DNA detected in 
1 024 800 PBMCs; no HIV-1 DNA was detected at all 
subsequent timepoints, except for a single positive at 
week 48, where we detected a single copy of HIV-1 DNA 
on analysis of 981 000 PBMCs. Maternal samples were 
available for three of these infants, and all three had 
detectable HIV-1 DNA.

In linear mixed-effects regressions, the estimated 
mean decline per week was 0·03 log10 copies 
per 10⁶ PBMCs (95% CI 0·02–0·04) for cohort 1 and 
0·04 log10 copies per 10⁶ PBMCs (0·03–0·05) for cohort 2. 
At week 24, six (19%) of 31 infants in cohort 1 and 
four (22%) of 18 infants in cohort 2 had no detected 
HIV-1 DNA. Among infants maintaining protocol-
defined virological control criteria through to study 
week 108, seven of 11 (64%, 95% CI 31–89) in cohort 1 
and five of seven (71%, 29–96) in cohort 2 had no 
detected HIV-1 DNA; ten of 12 (83%, 52–100) in cohort 1 
and all seven (100%, 59–100) in cohort 2 tested HIV-1 
antibody-negative at week 108 (figure 3B). Across all 
visits, the median number of cells analysed when DNA 
was undetected was 872 400 (range 307 200–1 625 600).

In cohorts 1 and 2, we observed longer maintenance of 
strict virological control in participants with an earliest 
viral load of fewer than 10 000 copies per mL than in 
participants with an earliest viral load of 10 000 copies 
per mL or more, in participants with a lower earliest 
HIV-1 DNA load, and in participants with a higher 
earliest CD4 cell percentage, although the 95% CIs for 
these hazard ratios (HRs) were wide and some were 
compatible with no difference (HR=1; table 2). In 
addition to earliest HIV-1 DNA load, lower measurements 
of HIV-1 DNA at weeks 12 and 24 were associated with 
longer duration of maintaining strict virological control 
in each cohort (table 2).

In cohort 1, male sex was associated with longer 
duration of maintaining strict virological control 
(table 2). The estimated probability of maintaining strict 
virological control through to age 2 years was 64% 
(95% CI 30–85) for male infants and 19% (6–38) for 
female infants. Male infants also had lower median 
earliest viral load (4·3 log10 copies per mL [IQR 3·6–5·1] 
vs 5·0 log10 copies per mL [4·0–5·6]), lower HIV-1 DNA 
load (2·1 log10 copies per 10⁶ PBMCs [1·6–2·5] 
vs 2·8 log10 copies per 10⁶ PBMCs [1·9–3·3]), and earlier 
ART initiation (3·2 h [0·9–9·5] vs 15·8 h [2·3–27·3]) 
than did female infants.

Division of AIDS grade 3 or 4 events related to the ART 
regimen occurred in 15 (44%) of 34 infants (13 in the first 
6 months) in cohort 1 and seven (35%) of 20 infants 
(six in the first 6 months) in cohort 2 (appendix pp 1–5). 
Most were haematological (21 [95%] of 22 had 
neutropenia or anaemia), which reversed after switching 
from zidovudine to abacavir. One infant in cohort 2 
developed asymptomatic grade 3 elevated lipase. 

Cohort 1 Cohort 2

Covariates at study entry

Earliest* CD4 percentage (per 10% higher) 21; 0·86 (0·59–1·24) 6; 0·42 (0·18–1·00)

Earliest* CD8 percentage (per 10% lower) 19; 0·73 (0·48–1·12) ··

Earliest* CD4 percentage to CD8 percentage ratio 19; 0·83 (0·58–1·19) ··

Earliest† plasma HIV-1 viral load <10 000 copies per mL 
(reference ≥10 000 copies per mL)

21; 0·26 (0·08–0·91) 6; 0·22 (0·03–1·88)

Earliest‡ HIV-1 DNA load (per 1 log10 copies per 10⁶ 
PBMCs lower)

21; 0·60 (0·36–1·01) 6; 0·15 (0·03–0·76)

Male sex (reference female) 21; 0·31 (0·11–0·94) 6; 1·47 (0·29–7·36)

ART initiation 24–48 h of age (reference 0–24 h of age) 21; 0·12 (0·02–0·87) 6; 0·21 (0·04–1·24)

Weight appropriate for gestational age for gestational 
age (reference small for gestational age§)

21; 0·57 (0·21–1·56) ··

No maternal ART during pregnancy ·· 6; 0·90 (0·18–4·55)

Maternal plasma HIV-1 RNA at study entry (per 1 log10 
copies per mL lower)

21; 0·83 (0·53–1·30) 6; 0·95 (0·41–2·22)

No maternal NNRTI or NRTI resistance¶ 13; 0·89 (0·11–7·14) 4; 0·88 (0·10–5·00)

No maternal NNRTI resistance¶ 13; 0·89 (0·11–7·14) 4; 0·40 (0·06–2·86)

Potentially protective HLA-B allele 20; 0·54 (0·19–1·50) 6; 0·55 (0·06–4·79)

Covariates after study entry

Nevirapine dried blood spot concentration above 
3 µg/mL at week 1

16; 0·84 (0·19–3·72) ··

Age at ritonavir-boosted lopinavir initiation 
(per 1 week lower)

21; 0·93 (0·70–1·25) 6; 0·48 (0·25–0·93)

Never reported missing a dose through to week 24 
visit (reference reported missing at least one dose)

21; 0·92 (0·37–2·27) 6; 0·82 (0·17–4·11)

Time to confirmed HIV-1 RNA less than the limit of 
detection (target not detected; censored at 26 weeks 
of age; per 1 week shorter)

21; 0·88 (0·78–0·97) 6; 0·60 (0·27–1·32)

Week 24 CD4 percentage (per 10% higher) 21; 0·75 (0·43–1·32) 6; 0·92 (0·35–2·46)

Change in CD4 percentage from baseline to week 24 
(per 10% lower)

21; 0·98 (0·68–1·43) 6; 0·20 (0·04–0·96)

Week 24 CD8 percentage (per 10% lower) 19; 0·83 (0·53–1·28) ··

Change in CD8 percentage from baseline to week 24 
(per 10% higher)

19; 0·91 (0·46–1·78) ··

Week 24 CD4 percentage to CD8 percentage ratio 19; 0·98 (0·68–1·41) ··

Change in CD4 percentage to CD8 percentage ratio 
from baseline to week 24

19; 1·12 (0·79–1·58) ··

Week 12 plasma HIV-1 viral load fewer than 200 copies 
per mL (reference ≥200 copies per mL)

21; 0·22 (0·08–0·59) 6; 0·06 (0·01–0·58)

Week 12 HIV-1 DNA load (per 1 log10 copies 
per 10⁶ PBMCs lower)

19; 0·46 (0·27–0·79) 5; 0·08 (0·01–0·78)

Week 24 HIV-1 DNA load (per 1 log10 copies 
per 10⁶ PBMCs lower)

19; 0·43 (0·26–0·70) 6; 0·05 (0·004–0·58)

Data are n; hazard ratio (95% CI). We defined strict virological control as plasma HIV-1 RNA <200 copies per mL at 
study week 24 and no confirmed detectable plasma HIV-1 RNA thereafter. ·· indicates data not collected. 
ART=antiretroviral therapy. NRTI=nucleotide reverse transcriptase inhibitor. NNRTI=non-nucleoside reverse 
transcriptase inhibitor. PBMC=peripheral blood mononuclear cell. *Taken at a median of 15·0 days (IQR 13·0–16·0) in 
cohort 1 and 8·0 days (5·0–8·0) in cohort 2. †Taken at a median of 1·0 days (0·0–1·0) in cohort 1 and 6·5 days (2·0–8·0) 
in cohort 2. ‡Taken at a median of 1·0 days (0·0–1·0) in cohort 1 and 8·0 days (5·0–8·0) in cohort 2. §INTERGROWTH 
score. ¶Entry samples analysed in batch after 2 years of follow-up. Ten maternal samples from cohort 1 and 
two maternal samples from cohort 2 were tested with no result; three additional results from cohort 2 were excluded 
from analysis per team decision. 

Table 2: Univariable Cox proportional hazards regressions of time to loss of strict virological control 
within 114 weeks of age

See Online for appendix
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22 infants discontinued one of the initial antiretroviral 
drugs in the regimen due to toxicity: 19 discontinued 
zidovudine (17 of 19 with grade 3 or 4 neutropenia or 
anaemia), one discontinued nevirapine (grade 4 neutro-
penia), one discontinued abacavir plus lamivudine 
(grade 1 vomiting), and one discontinued ritonavir-
boosted lopinavir (grade 2 precocious pubarche and 
thelarche, resolved after switching to nevirapine). 
Two infants in cohort 1 died: one from probable bacterial 
pneumonia at 19·4 weeks of age and another from 
poisoning at age 79·9 weeks of age. Neither death was 
deemed related to study treatment by the study’s clinical 
monitoring committee; both participants had achieved a 
viral load lower than the limit of detection with target not 
detected at the last time tested (age 18·1 weeks and 
72·7 weeks).

Lopinavir concentrations varied substantially, with many 
participants having concentrations of 3000–10 000 ng/mL, 
the typical values seen in adults and older children. 
However, we observed a high frequency (128 [38%] of 334) 
of low concentration values, less than 1000 ng/mL (most 
less than 50 ng/mL), below the target trough lopinavir 
concentration of more than 1000 ng/mL,12,13 suggesting 
non-adherence or poor absorption.

Infants with sustained viral loads lower than the limit 
of detection with target not detected since week 48 
became eligible for analytical treatment interruption 
starting at age 2 years if they have ceased breastfeeding 
and their most recent biomarker profile includes a 
negative HIV-1 antibody, HIV-1 DNA not detected, 
CD4 percentage of 25% or greater, and CD4 count 
normal-for-age. At age 2 years, ten (19%) of 54 infants 
who were initiated on very early ART (six in cohort 1 and 
four in cohort 2) met all criteria for eligibility to undergo 
analytical treatment interruption. However, analytical 
treat ment interruption was postponed during the 
COVID-19 pandemic. Data collection for analytical 
treatment interruption is ongoing and will be reported 
elsewhere.

Discussion
Despite substantial advances in preventing perinatal 
HIV-1 transmission, infants remain at high risk for 
HIV-1 due to undiagnosed or untreated maternal HIV-1. 
ART-free remission could avert long-term toxicities 
from antiretroviral drugs and combat stigma and 
adherence challenges. In IMPAACT P1115, among 
infants with in-utero HIV-1 receiving pre-emptive 
treatment or triple-drug antiretroviral prophylaxis 
within 48 h of life, the estimated probabilities of 
reaching and maintaining strict virological control 
through to age 2 years were 33% (95% CI 17–49) in 
cohort 1 and 57% (28–78) in cohort 2. Sustained 
virological control is the first step in eligibility criteria 
for analytical treatment interruption, offering hope of 
achieving low reservoir size, with HIV-1 DNA not 
detected in peripheral blood cells in early infancy.

Two studies, the LEOPARD trial14 in South Africa and 
the Early Infant Treatment (EIT) study15 in Botswana, 
also studied very early treatment of neonates. These 
studies initiated ART after confirmed HIV-1 acquisition 
and used three-drug ART regimens (nevirapine switched 
to ritonavir-boosted lopinavir when age appropriate). In 
IMPAACT P1115, infants were pre-emptively treated with 
three-drug ART (cohort 1) or received three-drug 
prophylaxis within 48 h of life with direct transition to 
study ART (cohort 2), and a fourth drug (ritonavir-
boosted lopinavir) was added when age appropriate. The 
LEOPARD trial did not implement analytical treatment 
interruption, as too few participants met predefined 
week 48 virological criteria (viral load <50 copies per mL) 
and immunological criteria (CD4 cell percentage >30%).14

Without established biomarkers to predict ART-free 
remission,2 we chose HIV-1 seronegative status 
combined with non-detectable HIV-1 DNA as the main 
criteria for analytical treatment interruption eligibility in 
IMPAACT P1115. Across our two cohorts, ten (19%) of 
54 infants met these eligibility criteria at age 2 years. In 
the Botswana EIT study, among the 16 very early treated 
infants with viral load suppression from 24–84 weeks, 
88% tested HIV-1 seronegative at week 84, and 69% tested 
negative for HIV-1 DNA; analytical treatment interruption 
was not part of the EIT study design.16

ART-free remission is particularly important in low-
resource settings, where access to care and treatment is 
fragile. All three studies described above involved 
nevirapine and ritonavir-boosted lopinavir-based ART, 
the only antiretroviral drugs with pharmacokinetic data 
for treatment in neonates at the time. Ritonavir-boosted 
lopinavir-based ART is particularly challenging for 
children due to liquid formulations with poor 
palatability and variable absorption from infancy to 
adulthood.17

In a study of ritonavir-boosted lopinavir-based ART 
in infants younger than 6 months, 19 (66%) of 
29 partici pants had durable virological suppression to 
fewer than 400 copies per mL through to a median of 
123 weeks, which was highly correlated with pre-dose 
lopinavir concentrations exceeding 100 ng/mL.18 Here, 
we observed low lopinavir concentrations in a substantial 
proportion of infants, probably owing to the known 
drawbacks,17 thereby possibly contributing to the poorer 
virological response we observed. More robust and 
tolerable very early ART regimens, including integrase 
inhibitors and long-acting immunotherapeutics such as 
broadly neutralising antibodies, might improve the 
likelihood of early, durable virological control in infants. 
Given the high proportion of unintegrated HIV-1 DNA 
during untreated infection that can promote productive 
infection if the infected cell becomes activated,19 treat-
ment with integrase inhibitors might further restrict 
HIV-1 reservoirs early in infancy. Version 2.0 of 
IMPAACT P1115 (NCT02140255) is examining such 
regimens.
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Point-of-care assays for HIV-1 diagnosis in neonates at 
high risk could provide pre-emptive therapy pending 
rapid testing results and more focused and rapid ART 
initiation in neonates.20 Maximising birth testing is 
imperative, as HIV-1 RNA and DNA diagnostic testing 
results can be challenging with point-of-care assays or 
after triple antiretroviral drugs begin in neonates. Here, 
the effective enrolment and high adherence to study 
visits with minimal loss to follow-up showed parental 
acceptance and feasibility of very early infant diagnosis 
and treatment in the context of high HIV-1 burden. Birth 
diagnosis and earlier ART initiation were associated with 
reduced infant mortality21 and CD4 T-cell preservation.22 
We identified infants at high risk across multiple clinical 
research sites and pre-emptively treated and followed 
them up longitudinally. The findings support global 
strategies to identify and treat neonates at high risk of 
HIV-1 acquisition.

Among infants maintaining protocol-defined virological 
control criteria through to study week 108, 12 (67%) of 18 
had no detected HIV-1 DNA and four (22%) had fewer 
than 1·0 log10 copies DNA per 10⁶ PBMCs. Notably, as 
most (>90%) HIV-1 DNA is defective and incapable of 
replication,23 fewer HIV-1 DNA copies probably reflects 
low reservoir size. Four infants with no HIV-1 DNA 
detected at study entry continued to test negative through 
to age 2 years. Maternal samples were available for 
three of these infants, and all had detectable HIV-1 DNA, 
excluding defective primer binding. These infants could 
reflect in-utero transmission near birth before establish-
ment of substantial HIV-1 reservoirs.

Lower HIV-1 DNA at weeks 12 and 24 was associated 
with maintaining strict virological control in both 
cohorts. Early assessment of HIV-1 DNA could be a 
biomarker for the effect of very early ART on the proviral 
reservoir and ART-free remission, especially considering 
recent efforts to develop cross-subtype intact proviral 
DNA assays that would afford quantification of clinically 
relevant intact proviruses.24,25

In infants in cohort 1, male sex and lower earliest 
plasma viral load were associated with longer-term 
virological suppression. In a South African study of 
in-utero HIV-1, male sex was also associated with lower 
baseline viral loads and a higher likelihood of virological 
suppression.26 As in our study, girls had higher levels of 
HIV-1 DNA. Both findings are relevant to potential sex 
differences in paediatric HIV-1 remission and cure 
therapeutics.26 Female infants might have responded 
less completely to treatment due to higher viraemia, a 
poorly understood occurrence, with interferon-resistant 
HIV-1 noted in one study.26 In African populations, 
HLA-B*57, HLA-B*58:01 and HLA-B*81:01 were 
associated with low viral setpoints in untreated adults 
with HIV-1. Here, we did not observe an association 
between a protective HLA-B allele and maintaining 
strict virological control, although our sample size 
was small.

Although the study regimen was generally safe, 
15 (44%) of 34 infants in cohort 1 and seven (35%) of 
20 infants in cohort 2 had grade 3 or 4 adverse events 
related to the study regimen, primarily reversible 
haematological toxicity due to zidovudine. These findings 
support routine haematological monitoring during very 
early ART in infants where feasible.

Our small sample size precluded multivariable 
association analyses; univariable estimates should be 
considered carefully for sparse data bias,27 particularly for 
the small event number in cohort 2, uncontrolled 
confounding, and built-in selection bias in HRs.28 In 
cohort 2, our earliest RNA, DNA, and CD4 measurements 
were retrospective and not always available before ART 
initiation. Per study design, we only followed up infants 
meeting and maintaining protocol-defined long-term 
virological suppression criteria after week 24. This 
limited the evaluation of very early treatment for time to 
virological suppression and HIV-1 DNA decline to the 
first 6 months of life.

The ART regimen might not have been optimal in 
cases of pre-existing resistance, although maternal 
NNRTI resistance was low. Due to limitations on 
withdrawn blood volume, infant HIV-1 resistance testing 
was not possible to determine NNRTI resistance as a 
contributor to reaching or maintaining strict virological 
control on initial nevirapine-based ART. Safety and 
pharmacokinetic data for neonatal ART regimens 
beyond the nevirapine-based regimen (such as integrase 
inhibitors29 or broadly neutralising antibodies30) were 
unavailable when we developed the study protocol.

Our research protocol rigorously identified in-utero 
HIV-1 transmission, administered pre-emptive ART 
within a strict time window, and monitored virological 
response at frequent, regular intervals, which is not 
always feasible in standard clinical care settings globally. 
This limitation might reduce the clinical generalisability 
of our study.

Pre-emptive ART within 48 h of life or triple 
antiretroviral drug prophylaxis with direct transition to 
ART within 10 days of life in neonates with in-utero 
HIV-1 was well tolerated over the first 2 years of life. A 
subset of neonates initiating very early ART can sustain 
virological control through to age 2 years, the majority of 
whom reach non-detectable HIV-1 DNA and seronegative 
status. The extent to which this biomarker profile is 
sufficient to allow drug-free HIV-1 remission will be 
tested by analytical treatment interruptions as planned.

Our study and previous studies, such as LEOPARD 
and EIT, show that neonatal ART following in-utero 
HIV-1 transmission is feasible and can reduce reservoir 
size. This strategy holds promise for ART-free remission 
as paediatric cure research advances. Although 33% in 
cohort 1 and 57% in cohort 2 achieved and maintained 
strict viral control to qualify for possible analytical 
treatment interruption, future studies using more potent 
regimens might increase this proportion.
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