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Abstract

Broadly neutralizing antibodies (bNAbs) may provide an alternative to standard antiretroviral 

treatment (ART) for controlling human immunodeficiency virus (HIV)-1 replication and may have 

immunotherapeutic effects against HIV-1 reservoirs. We conducted a prospective clinical trial with 

two HIV-1 bNAbs (VRC01LS and 10–1074) in children (n=25) who had previously initiated 

small-molecule ART treatment before 7 days of age and who continued treatment for at least 

96 weeks. Both bNAbs were dosed intravenously every 4 weeks, overlapping with ART for at 

least 8 weeks and then continued for up to 24 weeks or until detectable viremia of HIV-1 RNA 

rose above 400 copies/mL in the absence of ART. Eleven (44%) children maintained HIV-1 RNA 

below 400 copies/mL through 24 weeks of bNAb-only treatment; fourteen (56%) had detectable 

viremia above 400 copies/mL at a median of 4 weeks. Archived HIV-1 provirus susceptible to 

10–1074, lower birth HIV-1 DNA reservoir in peripheral blood mononuclear cells, sustained viral 

suppression throughout early life, and combined negative qualitative HIV-1 DNA polymerase 

chain reaction and negative HIV-1 serology at entry were associated with maintaining suppression 

on bNAbs alone. This proof-of-concept study suggests that bNAbs may represent a promising 

treatment modality for infants and children living with HIV-1. Future studies using newer bNAb 

combinations with greater breadth and potency are warranted.

One-sentence summary:

Treatment with broadly neutralizing antibodies maintained viral suppression in children with 

HIV-1 with favorable reservoir characteristics at birth.

Editor’s Summary:

bNAbs for Babies. Broadly neutralizing antibodies (bNAbs) have shown promise as a companion 

or alternative to antiretroviral therapy (ART) for HIV-1, although their efficacy in a pediatric 

population remains unclear. Here, Shapiro et al. report the results of a prospective clinical trial 

where children on ART from birth in Botswana were treated with two HIV-1 bNAbs, VRC01LS 

and 10–1074. The treatment was administered initially in combination with ART, then alone. 

Eleven of 25 infants maintained viral suppression during the bNAb-only step; the authors found 

that these infants had more favorable HIV-1 reservoir characteristics, including a smaller initial 

proviral reservoir and susceptibility of those proviruses to bNAb neutralization. Together, these 

results highlight the potential of bNAb treatment for infants and children living with HIV-1. –CM

INTRODUCTION

Broadly neutralizing monoclonal antibodies (bNAbs) against human immunodeficiency 

virus (HIV-1) are an emerging treatment option for people living with HIV-1 with 

the potential to maintain HIV-1 RNA suppression (1, 2). bNAbs can be administered 
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infrequently, which avoids adherence concerns of daily oral antiretroviral treatment (ART), 

may limit long-term toxicity from prolonged ART, and may enhance immune responses and 

deplete residual viral reservoirs, offering a potential pathway to post-treatment viral control 

in some individuals (3, 4). Children living with HIV-1 who have been treated continuously 

from birth are an ideal group for bNAb treatment as they have limited viral reservoirs (5) 

and may be less likely to have pre-existing viral resistance to bNAbs (6). Children are also 

ideal candidates for ART-sparing strategies that avoid long-term toxicities and adherence 

considerations with daily dosing.

Long-term HIV-1 RNA suppression has been reported in some adult trials using bNAbs in 

combination (3, 7), warranting similar studies in pediatric populations. The Tatelo Study was 

a phase I/II, single arm, multi-site clinical trial to evaluate the combined use of two bNAbs, 

VRC01LS and 10–1074. VRC01 targets the CD4 binding site and the LS formulation has 

a modified Fc receptor that increases its half-life. VRC01 had been used in a pediatric trial 

previously (8), and a pediatric study of VRC01LS was underway at the time of starting 

Tatelo (9). 10–1074 targets the V3 loop and has been used as combined treatment with CD4 

binding agents in prior adult (2) (but not pediatric) studies. The Tatelo Study administered 

both of these bNAbs as monthly treatment in a cohort of children in Botswana who had 

received ART since birth in a previous study (5, 10).

RESULTS

Participant Characteristics

Between March 2020 and January 2021, all 28 (70%) Early Infant Treatment (EIT) study 

participants who were eligible for the Tatelo Study were enrolled (Fig. 1); the remaining 

12 (30%) EIT study participants were ineligible for Tatelo because of detectable viremia of 

HIV-1 RNA ≥40 copies/mL within the preceding 24 weeks. Of the 28 Tatelo enrollees, 14 

(50%) had never experienced detectable viremia ≥40 copies/mL during EIT participation, 

and 14 (50%) had experienced viremia ≥40 copies/mL at least once. Enrolled children had a 

median age of 3.6 (range 2.4 to 5.6) years, 19 (68%) were female, and the median entry CD4 

T cell count was 1198 with an interquartile range (IQR) of 843 to 1684 cells/mm3 (Table 1). 

All enrolled children were screened for HIV-1 RNA prior to entry into the ART and bNAbs 

step. HIV-1 RNA was >40 copies/mL in two children on the day of bNAb initiation, and 

in one child after 4 weeks of ART/bNAbs; thus, bNAb treatment was discontinued in these 

three children, ART was continued, and adherence was reinforced, leading to subsequent 

viral re-suppression.

Virologic and Immunologic Outcomes

Twenty-five (89%) children completed the ART plus bNAb step (six for 32 weeks, and 19 

for 8 weeks) and advanced to the bNAb-only step of the study. Of these, 11 [44%, 95% 

confidence interval (CI) 24% to 65%] maintained HIV-1 RNA <400 copies/mL (defined as 

bNAb successes) and 10 (40%, 95% CI 21% to 61%) maintained <40 copies/mL for 24 

weeks (Fig. 2A); one child had a single HIV-1 RNA value of 234 copies/mL at week 16, 

with <40 copies/mL at all other weeks. Fourteen children (56%) had detectable viremia 

≥400 copies/mL at a median of 4 (range 1–20) weeks (defined as bNAb failures), and 
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were re-started on ART at a median of 4 (range 1 to 7) days from first detected viremia. 

Kaplan-Meier estimates for time to first HIV-1 RNA ≥400 copies/mL are shown in Fig. 2B. 

Among children with failure, median HIV-1 RNA at ART re-start was 4.42 (range 2.87 to 

6.42) log10 copies/mL. After failure, all children had viral re-suppression to <40 copies/mL 

on their prior ART regimen (lopinavir/ritonavir [LPV/r]-based in all cases), at a median of 

4 (range 1 to 20) weeks from ART re-start. CD4 T cell counts in children who experienced 

detectable viremia ≥400 copies/mL were similar to post-intervention CD4 cell counts in 

children who did not, with a median above 1000 copies/mm3 in both groups. No child in 

either group had a concerning pattern of CD4 T cell count decline during the study (Fig. S1).

Safety, pharmacokinetics, and anti-drug antibody analysis

No infusion reactions occurred, and bNAbs were well tolerated. Three children experienced 

a total of five grade 3 events, with one (neutropenia) during the bNAb/ART step considered 

possibly related to bNAb treatment (Table S1 and S2). There were no grade 4 events. 

Pharmacokinetic (PK) troughs prior to each dose in the bNAb-only step revealed adequate 

10–1074 and VRC01LS concentrations for all children. Overall pre-dose troughs were in the 

expected range and were consistently above 100 μg/mL for both bNAbs: median 211.0 (IQR 

183.6 to 259.2) μg/mL for 10–1074, and 259.6 (IQR 201.0 to 305.6) μg/mL for VRC01LS. 

Although fewer values were available for those with bNAb failure who exited the study 

step early, median trough bNAb values were similar for successes and failures during the 

bNAb-only step (Fig. S2). No anti-drug antibodies were observed to 10–1074 or VRC01LS.

Characteristics of children with successful bNAb treatment

Children with bNAb-only treatment success had favorable pre-intervention clinical and 

viral reservoir characteristics (Table 2). Almost all children who succeeded (9, 82%) had 

sustained viral suppression (<40 copies/mL) at all EIT visits from initial suppression 

through Tatelo entry, compared with 29% of children who failed. In addition, total HIV 

DNA in peripheral blood mononuclear cells (PBMCs) near birth was significantly lower in 

children who succeeded (p=0.02). Most children who succeeded had negative qualitative 

DNA (9, 82%) or negative EIA (9, 82%), or both (8, 73%), at Tatelo entry; in contrast, none 

of the children who failed had a “negative/negative” pattern at Tatelo entry (73% versus 0%, 

p<0.001).

Neutralization and reservoir quantification assays

Neutralization assay data were limited either by amplification failure or failure of the 

cloning or cell assay step. In all plasma samples with a successful assay at time of 

detectable viremia ≥400 copies/mL (bNAb failure), some degree of reduced neutralization 

by 10–1074 or VRC01LS was observed (Fig. 2A). Viral envelope sequences from intact 

proviruses collected near birth had a largely similar pattern as plasma at bNAb failure when 

matched results were available. Among virologic successes on bNAbs, archived provirus 

demonstrated dual bNAb susceptibility for 3 (50%) of 6 with available results, and all had 

complete (83%) or partial (17%) 10–1074 susceptibility. In contrast, only 2 (29%) of 7 

failures with available results had complete or partial susceptibility to 10–1074 in archived 

provirus (p=0.02).
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Digital droplet polymerase chain reaction (ddPCR) and near full-length proviral sequencing 

were performed at study entry and several follow-up timepoints, but most children had 

values below the limit of detection (likely due to low viral reservoirs and the limited 

number of PBMCs that could be safely collected from children). Birth ddPCR in PBMCs 

predicted successful dual bNAb treatment (Table 2) and a similar pattern was observed 

for full-length individual proviral sequencing (FLIP-seq) (Fig. 3). At entry to Tatelo, both 

defective provirus and total provirus DNA (intact plus defective) by FLIP-seq were more 

commonly above the limit of detection in children who later failed (each 79%) than 

those who succeeded (each 18%) (p=0.005). Among failures, detectable intact provirus 

was observed in 3 individuals (21%) at entry, and 7 individuals (50%) after failure. These 

findings were not attributable to variations in cell numbers used for measurements (Fig. S3).

DISCUSSION

As the breadth, potency, and half-lives of bNAbs improve, immune-based HIV treatment 

may offer advantages for children facing lifelong ART. We found that monthly VRC01LS 

and 10–1074 dual bNAb infusions were well tolerated and maintained viral suppression 

<400 copies/mL for 24 weeks in 44% of children who had been treated with ART from 

birth. This proof-of-concept study provides early evidence that current bNAb combinations 

may offer an alternative to small molecule ART in selected children with favorable clinical 

and resistance characteristics, and that future long-acting bNAb combinations may expand 

the benefits of this strategy to more children living with HIV.

Our results were generally concordant with adult treatment studies using similar bNAb 

combinations, though virologic success was somewhat lower in our study. Among adults 

with chronic HIV subtype B, treatment with 10–1074 plus 3BNC117 maintained viral 

suppression in 76% of participants for 20 weeks after ART discontinuation (3). This same 

combination maintained viral suppression for all adults with pre-screened susceptible virus 

in two separate studies (7, 11). Plasma pre-screening for HIV-1 susceptibility to bNAbs 

in our study was not possible for our virally suppressed cohort, but our data suggest that 

screening archived provirus stored from pre-ART birth samples might identify the children 

most likely to maintain viral suppression on bNAbs. Neutralization assay results in our study 

were limited because of assay failure or inability to amplify full-length intact proviral DNA 

(in part due to very low viral reservoirs in the cohort), but a pattern of reduced susceptibility 

to one or both bNAbs was observed for all children with results at the time of virologic 

failure. This same pattern was also present in archived provirus when matching samples 

were available and in all but one when only archived provirus was available. In contrast, 

we found that, for half of children who succeeded, archived proviruses were susceptible to 

both bNAbs; further, all analyzed proviruses from successes had at least partial susceptibility 

to 10–1074. Pre-screening may be particularly important for regions where subtype C 

predominates (including Botswana), as there is less inherent susceptibility to most current 

bNAbs in these regions (12).

Our study also advances the concept of pre-screening for future pediatric cohorts beyond 

the use of neutralization assays, as we identified several additional markers for virologic 

success with bNAb treatment. HIV DNA in PBMCs from birth was significantly lower in 
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those who succeeded on bNAbs alone (p=0.02), suggesting a potential advantage in some 

children from very early life. Most of the children who succeeded also had sustained viral 

suppression prior to the bNAb intervention, whereas the majority of those who failed had 

experienced detectable viremia ≥40 copies/mL at some point in early life. Viremia before 

bNAb intervention may have therefore led to some bNAb resistance, and its detection 

served as a useful marker for bNAb failure. Finally, an additional predictor of success was 

the combination of having reverted to a negative whole blood HIV qualitative DNA test 

at Tatelo entry, and never developing positive serology by EIA; all eight children with 

this pattern succeeded. These simple clinical markers are widely available, and we believe 

this combination of “negative/negative” should be explored as a real-time biomarker for 

entry into future pediatric bNAb treatment studies. Of the three children who succeeded 

without the “negative/negative” pattern, two had detectable intact provirus integrated into 

non-encoding regions of the genome, and this “locked” pattern is being further studied 

(13); the third was one of a small number of successes with several episodes of detectable 

viremia prior to Tatelo and had a positive EIA at entry. It is important to note that each of 

the characteristics for success listed above were closely inter-related, and because of small 

numbers, multivariable analysis was not possible. Likewise, although five of six children 

who received 32 weeks of ART/bNAb overlap succeeded, these children all had additional 

favorable characteristics, limiting our ability to assess whether the longer overlap period 

improved outcomes.

Whether bNAbs were directly responsible for maintaining viral suppression in our study, or 

whether some children would have maintained viral suppression without ART or bNAbs, 

remains an open question. Using data from the CHER study (14, 15), we pre-specified that 

24-week success ≥30% would be unlikely to occur by chance, even among low-reservoir 

children. The neutralization data provided additional support for a causal role of the 

bNAbs, but were not definitive because of small numbers and because we cannot exclude 

the possibility that higher bNAb sensitivity tracked with more limited viral diversity. A 

randomized design comparing bNAbs to an analytic treatment interruption (ATI) was 

not considered feasible at the time Tatelo was conducted, but for children with low or 

undetectable reservoirs and a constellation of favorable markers, an ATI component could be 

considered in future trials. Given the potential vaccinal effect (16, 17) and reservoir-lowering 

effect (1, 4, 18, 19) previously described for bNAbs, candidates for such a trial may benefit 

from a period of bNAbs prior to ATI to maximize the chance for success.

There were no safety concerns raised for VRC01LS or 10–1074 in our study, and both were 

well tolerated, as expected from prior studies (2, 19–21). Few grade 3 (and no grade 4) 

events were reported, and none resulted in bNAb discontinuation. CD4 T cell counts were 

largely unaffected between the beginning and end of the study. Trough PK values were 

sufficient at nearly all timepoints and did not differ between successes and failures. The slow 

elimination of VRC01LS and frequent (every 4 weeks) administration resulted in trough 

concentrations substantially higher than prior VRC01 therapy switch (20) and pre-exposure 

prophylaxis (PrEP) studies (22). Monthly bNAb infusions were also highly acceptable to 

caregivers of the participants in the study (23).
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Limitations of our study were the small sample size, including the limited ability to perform 

neutralization assays and to quantify changes in intact viral reservoir over time, both of 

which were unavoidable challenges related to the extraordinarily low reservoirs in this 

cohort. Children treated with ART from birth and virally suppressed at bNAb initiation may 

not be representative of other children with HIV. All study participants are now in long-term 

follow-up, and in-depth profiling of reservoir cells and immune responses are ongoing. Our 

study benefitted from having complete treatment and reservoir data on a cohort of children 

followed from birth, from no losses to follow up, and from our ability to ensure that ART 

could be safely re-started when needed. In conclusion, nearly half of children who had 

received ART from birth maintained viral suppression for 24 weeks with monthly 10–1074 

and VRC01LS alone, and easily identifiable markers predicted successful outcomes. These 

findings support the use of bNAbs with greater breadth and potency in future pediatric trials, 

and provide a methodology to easily screen participants with the greatest chance for success.

MATERIALS AND METHODS

Study design

The Tatelo study evaluated dual bNAbs as a treatment alternative in children. The study 

began with an intensive PK and safety phase for 10–1074 and VRC01LS while ART 

was continued—first individually among 12 participants (6 per bNAb), and then during 

dual administration among 6 of the first 12 participants. Results were previously reported 

from this intensive PK and safety evaluation (24). The main study consisted of a single 

arm; participants in the main study were followed through 3 steps. The first was an 

ART/bNAb overlap step, where ART was continued while dual bNAbs were administered 

every 4 weeks. This step lasted 32 weeks for the first 6 participants (for planned PK and 

safety analyses and Safety Monitoring Committee approval prior to permitting additional 

enrollment in the step), and 8 weeks for subsequent participants. The next step was the 

bNAb-only step, where ART was discontinued for up to 24 weeks (or until any detectable 

viremia ≥400 copies/mL). At 24 weeks (or upon detectable viremia ≥400 copies/mL), 

participants discontinued bNAbs and resumed ART, and were followed for an additional 

24 weeks in the ART-restart step. ART regimens at study entry and upon re-start were 

per Botswana guidelines, and consisted of lopinavir-ritonavir-based 3-drug oral ART in all 

children.

Trial ethics and oversight

The study was approved by Institutional Review Boards in Botswana (Human Research 

Development Committee, HPDME 13/18/1 X1) and at the Harvard T.H. Chan School of 

Public Health (Harvard Longwood Campus Institutional Review Board, IRB18–0062). A 

parent or guardian provided written informed consent for all participants. The study was 

monitored by an independent Safety Monitoring Committee.

Study population and monitoring

All Tatelo participants had previously taken part in the EIT study, a clinical trial evaluating 

early infant HIV-1 diagnosis and treatment in Gaborone and Francistown, Botswana 

(NCT02369406) (5, 10). Children eligible for Tatelo were EIT participants treated since 
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before 7 days of age, on continuous ART for ≥96 weeks, and with HIV-1 RNA <40 

copies/mL for at least 24 weeks before entry. Tatelo visits occurred at least every 4 weeks 

during bNAb administration, and at 1- to 2-week intervals during the bNAb-only step. All 

adverse events (grade 1 or higher) (25), including any infusion reactions, were recorded.

Laboratory testing

HIV-1 RNA (Abbott m2000sp/m2000rt, Abbott Molecular Inc.) quantified to a threshold 

of 40 copies/mL and qualitative DNA PCR (Roche Cobas Ampliprep/Cobas Taqman 

HIV-1 Qualitative Polymerase Chain Reaction) testing were performed at the Botswana 

Harvard HIV Reference Laboratory, Gaborone, Botswana, every 1 to 2 weeks during the 

bNAb-only step. Safety and monitoring evaluations included hematology, serum chemistry, 

CD4 and CD8 T cell count, and enzyme immunoassay (EIA) serologic HIV testing at 

4- to 8-week intervals during bNAb administration. EIA was performed in parallel using 

Murex HIV-1.2.O (DiaSorin), Biorad Genetic Systems HIV-1/HIV-2 Plus O, or Abbott 

architect i1000SR (Abbott Diagnostics). Trough PK testing occurred before each bNAb 

dose, and anti-drug antibody (ADA) testing occurred at entry and following final bNAb 

dosing. bNAb PK testing was performed as described (24). ADA testing was performed by 

3-tiered approach for VRC01LS at the Vaccine Research Center (21, 26), and for 10–1074 at 

Dartmouth College by electrochemiluminescence bridging assay (27, 28).

PBMCs were collected at least monthly during bNAb steps. ddPCR testing for a subset 

of specimens and FLIP-seq (29, 30) at entry and at last bNAb receipt were performed 

at the Ragon Institute. ddPCR was performed using the QX100 Droplet Digital PCR 

System (ddPCR; Bio-Rad) using primers and probes described previously (31) [127-base 

pair 5’-LTR-gag amplicon; coordinates 684 to 810 in HIV-1 reference strain HXB2] and 

normalized to the RPP30 gene. When viral copies were undetectable, data were reported as 

“limit of detection” (L.O.D., calculated as 0.2 copies per maximum number of cells tested 

without target identification) (5). Based on ddPCR results and Poisson distribution statistics, 

genomic DNA was diluted to single HIV-1 copies and subjected to HIV-1 near-full-genome 

amplification using a one amplicon approach with primers described previously (5). When 

there were no HIV-1 amplification products detectable, results were reported as L.O.D., 

calculated as 0.5 copies per maximum number of cells analyzed without target identification. 

Amplification products were subjected to Illumina MiSeq sequencing and our computational 

pipeline was used to distinguish intact and defective sequences as described before (5, 

32). Monogram Biosciences performed neutralization assays for monoclonal antibodies 

(PhenoSense mAb) on plasma collected at time of virologic failure and env amplicons from 

full-length intact proviruses at baseline (usually from birth). We defined full susceptibility 

to each bNAb as 90% inhibitory concentration (IC90) ≤1.0 μg/mL and maximum percent 

inhibition ≥98% (3).

Study products and dosing

10–1074 was manufactured by Mass Bio under contract to the National Institute of Allergy 

and Infectious Diseases (NIAID) and dosed at 30 mg/kg intravenously every 4 weeks. 

VRC01LS was manufactured at the Vaccine Research Center, NIAID, and dosed at 30 

mg/kg intravenously at entry and then continued at 15 mg/kg intravenously every 4 weeks. 
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Administration of bNAbs occurred over approximately 60 minutes each. 10–1074 was 

given first, followed by VRC01LS, with a gap of approximately 10 to 15 minutes between 

infusions. Post-infusion monitoring for 2 to 4 hours occurred following the first infusion, 

and one hour with subsequent infusions.

Pre-specified objectives and definitions

Pre-specified primary outcomes were adverse events through study end graded by NIAID 

Division of AIDS criteria (25) and the proportion of children maintaining HIV-1 RNA in 

plasma <400 copies/mL through week 24 of the bNAb-only step. The protocol prespecified 

that ≥30% of children maintaining HIV-1 RNA <400 copies/mL for 24 weeks would likely 

represent a true effect of dual bNAbs on viral suppression. This percentage excluded overlap 

in 95% confidence intervals with the CHER Study (14, 15), where the estimated probability 

of HIV-1 RNA suppression <400 copies/mL at 6 months was 6% (range 3% to 10%) after 

treatment interruption among children who started ART at younger than 12 weeks of age.

Statistical analysis

All raw, individual-level data for experiments where n<20 are presented in data file S1. The 

sample size of children eligible for the EIT Study allowed reasonable precision to estimate 

the proportion able to maintain HIV-1 RNA suppression <400 copies/mL through Week 24 

of the bNAb-only step. Study objectives were analyzed under a proof-of-concept framework, 

without a control arm. Cumulative incidence of detectable viremia ≥400 copies/mL during 

the bNAb-only step was estimated by Kaplan-Meier method. Characteristics of participants 

with ongoing viral suppression or viremia ≥400 copies/mL were compared using Wilcoxon 

Rank-Sum (for continuous variables) or Fisher’s Exact (for categorical variables) tests. 

Reported two-sided p-values and confidence intervals are presented as nominal, with a 

significance level set at 0.05. Analyses were conducted in SAS version 9.4.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Flow diagram.
N=40 children in the Early Infant Treatment (EIT) Study were potentially eligible for 

inclusion in Tatelo; 28 enrolled in the ART + bNAb Overlap Step, and 25 continued into the 

bNAb Only Step.
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Fig. 2. Treatment outcomes in the Tatelo Study.
(A) Shown on the left is available participant antibody neutralization assay results for env 
amplicons of full-length intact provirus near birth and plasma at failure. Proviral samples 

from PBMCs at baseline were available for all participants, but amplification succeeded in 

only 14 of 25. Baseline amplicons were from birth (85%), 4 to 24 weeks (13%), or 84 

weeks (2%). Plasma samples were available for 14 failures but amplified in only 8. We 

defined full susceptibility to each bNAb as 90% inhibitory concentration (IC90) ≤1.0 μg/mL 

and maximum percent inhibition (MPI) ≥98%. The plot on the right shows bNAb-only 
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step HIV-1 RNA outcomes, grouped by failures (top, orange) and successes (bottom, blue). 

Participant HIV-1 RNA outcomes are shown by bNAb-only week; the bars extend through 

week of completion of this study step. Values at ends of bars indicate HIV-1 RNA copies/mL 

at first virologic failure. Each row in (A) indicates the same participant. (B) Shown is 

the cumulative proportion of participants with HIV-1 RNA detectable viremia ≥400 copies 

(c)/mL over time during the bNAb-only phase. The shaded area shows the 95% confidence 

interval.
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Fig. 3. Differences in intact, defective, and total HIV-1 by FLIP-seq at birth, 84 to 96 weeks, 
Tatelo Study entry, and end of bNAb treatment among successes and failures.
(A to C) Shown is the quantification of the viral reservoir obtained by FLIP-seq. Intact (A), 

defective (B), and total (C) proviruses per 1 million PBMCs were identified at birth, week 

84 to 96 of age, Tatelo entry, and end of bNAb treatment. Study participants were divided 

into two groups according to success or failure to maintain viral control (HIV1-RNA <400 

copies/mL) throughout the bNAb-only step. Open symbols represent the limit of detection 

(L.O.D.) when no virus was detectable, with an imputed value of 1 provirus in double 

the number of analyzed cells without target identification. The range of the number of 

PBMCs across all time points and both groups was 1.51E+06 to 1.11E+07 cells (median = 

1.45E+06); for those below L.O.D., the range of the number of PBMCs was 6.06E+04 to 

4.31E+06 cells (median = 1.0E+06).
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Table 1.

Baseline characteristics of enrolled Tatelo participants (N=28).

Birth Characteristics

Female sex – no. (%) 19 (68)

Gestational age at birtha – no. (%)

 35 weeks 4 (14)

 36 weeks 6 (21)

 37 weeks 2 (7)

 38–41 weeks 16 (57)

Median birth weight – kg (IQR) 2.95 (2.60–3.20)

Median HIV-1 RNA at birth – log10 copies/mL (IQR) 4.09 (2.54–4.65)

Median HIV DNA at birth – copies/million cells (IQR)b 490 (121–1221)

Maternal education, highest level attained – no. (%)

 None/Primary 6 (21)

 Junior Secondary 13 (46)

 Senior Secondary 4 (14)

 Tertiary 5 (18)

Maternal employment status – no. (%)

 Salaried 6 (21)

 Paid domestic work 2 (7)

None/Unemployed 20 (71)

Characteristics at Time of Enrollment to Tatelo

Median age – years (IQR) 3.60 (3.10–4.46)

Median weight – kg (IQR) 12.90 (11.90–15.20)

ART regimenc – no.

 ZDV+3TC+LPV/r 26

 ABC+3TC+LPV/r 1

 ZDV+ABC+3TC+LPV/r 1

Median CD4 count – cells/mm3 (IQR) 1198 (843–1684)

Median HIV DNA (at 84/96 weeks of age) – copies/million cells (IQR) 35.3 (8.38–102.3)

IQR, interquartile range.

a
EIT Study excluded children born before 35 weeks gestational age.

b
Measured in PBMCs by ddPCR.

c
ZDV=zidovudine, 3TC=lamivudine, LPV/r=lopinavir/ritonavir, ABC=abacavir
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Table 2.

Characteristics by response group for bNAb-only treatment with VRC01LS and 10– 1074 in children living 

with HIV in Botswana.

Baseline/Enrollment Characteristics Total (N=25)a Treatment Success on 
bNAbs (N=11)

Treatment Failure on 
bNAbs (N=14)

P-value

Median (IQR) or number (%)

Age at ART start (days) 3 (2–4) 3 (3–5) 2 (2–3) 0.10

Age at bNAb start (years) 3.70 (3.10–4.40) 4.20 (3.40–4.60) 3.45 (2.90–4.40) 0.26

HIV-1 RNA at birth (copies/mL) 3145 (310–25507) 2279 (381–12984) 20465 (292–33502) 0.37

HIV-1 RNA undetectable since 24 weeksb

 Yes 13 (52%) 9 (82%) 4 (29%)
0.02

 No 12 (48%) 2 (18%) 10 (71%)

Total HIV DNA in PBMCs at birth by ddPCR 

(copies/106)c
465 (100–1129) 155 (46–465) 784 (166–1246) 0.02

Intact HIV DNA in PBMCs at birth by FLIP-
seq (copies/106)c

2.9 (0.22–280.4) 1.16 (0.22–38.3) 4.59 (0.52–280.4)
--d

Number with intact HIV DNA in PBMCs at 
birth by FLIP-seq (for those >L.O.D.) 18 (72%) 6 (55%) 12 (86%) 0.18

Intact HIV DNA in PBMCs at Tatelo entry by 
FLIP-seq (copies/106)c 0.24 (0.04–2) 0.26 (0.04–2) 0.22 (0.08–1) --d

Number with intact HIV DNA in PBMCs at 
Tatelo entry by FLIP-seq (for those
>L.O.D.)

5 (20%) 2 (18%) 3 (21%) >0.99

Negative whole blood qualitative HIV DNA PCR and HIV enzyme immunoassay at Tatelo entry

 Yes 8 (32%) 8 (73%) 0
<0.001

 No 17 (68%) 3 (27%) 14 (100%)

Amount of bNAb/ART Overlap

 32 weeks 6 (24%) 5 (45%) 1 (7%)
0.06

 8 weeks 19 (76%) 6 (55%) 13 (93%)

CD4 T cell count (cells/mm3)

 Start of bNAb-only treatment 1149 (922–1502) 984 (808–1185) 1380 (1004–1868) 0.05

bNAb susceptibilitye

10–1074 susceptible (PBMCs at birth) 8 (57%) 6 (100%) 2 (25%) 0.01

VRC01LS susceptible (PBMCs at birth) 7 (50%) 3 (50%) 4 (50%) >0.99

a
Excludes 3 children who began bNAbs but never discontinued ART.

b
Defined as all visits at or after 24 weeks of age with HIV-1 RNA <40 copies/mL; per protocol, all HIV-1 RNA values in the 24 weeks prior to 

bNAb initiation must be <40 copies/mL.

c
An imputed value of 1 provirus in double the number of analyzed cells used if no target identification.

d
Low sample size and high proportion below the L.O.D. precluded comparison of distributions.

e
N=14 (8 treatment failures, 6 treatment successes) with amplification. bNAb susceptibility was based on maximum percent inhibition (MPI) 

≥98%.
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