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It was the best of times, it was the worst of times...

• HIV+ children have the 
potential to do very well, 
but often do very poorly



Best of times....
• Recent infection, and developing immune 

system, may improve treatment outcomes

– Small population of long-lasting memory CD4 T cells may 
limit reservoir

– Long-lived CD4 T memory stem cells and central-memory 
CD4 T cells may be less permissive to HIV-1 than 
corresponding cells from adults

– Less immune activation may reduce susceptibility of HIV 
target cells to infection and limit reservoir seeding



EIT Study Overview

• The EIT Study started in 2015, and enrolls HIV+ children during the first 
week of life to start ART

• It is an open-label clinical trial of up to 40 children infected in utero, and 
a small number of additional children with peripartum infection
– 36 in utero infected children at present
– 2 peripartum infected children at present

• The “earliest possible start” of ART is already recommended by 
Botswana guidelines and other clinical guidelines; however, the PCR 
testing schedule (at 6 weeks) limits very early initiation



Very low DNA levels in PBMCs from the first EIT children
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• EC = VL undetectable, no ART, any CD4 T cell count (Intl HIV Controllers Study)
• VC = VL< 2000 copies, no ART, any CD4 T cell count (Intl HIV Controllers Study)
• HAART = started on ART in chronic infection, VL undetectable, on ART for >5 years (NIH/MGH cohorts)
• ACUTE = started on ART in acute/early HIV-1 in Boston, on ART for ~ 2 years (Boston Acute HIV Cohort)
• CTRL = control children from Botswana who started ART < 1 yr, suppressed through >2 yrs



Worst of times....



Poor viral suppression in pediatric cohorts

– Children generally do poorly with standard approach to 
ART

• 121 infants in Kenya (median age 3.9 mos at ART start): 32% < 250 copies/ml after 
6 months (AIDS 2016)

• NNRTI-based ART in Mali (median age 31 mos): 44% had viral rebound (J 
Anitmicrob Chemo 2010)

• LPV/r-based ART in France (median age 4.8 yrs) : 46% had viral rebound (Ped Infect 
Dis 2011)

• Data from Botswana (2013-15): even with available ART, with 
standard 6-week and 18-month testing in the government 
program, 38% of HIV+ children in Botswana had died by 24 
months

• To improve pediatric outcomes, South Africa moved to a program of birth and 10-
week testing in 2015
– Awaiting results



Even closely-monitored early treated children 
rebound when adherence is poor

• Among first 10 EIT children who have reached 96 
weeks on ART, 5/10 (50%) had one or more visits 
with a detectable VL after initial suppression
– All are able to re-suppress quickly with improved adherence, 

but very labor intensive, beyond program resources 

Enro llm ent 1 2 4 8 12 24 36 48 60 72 84 96

1661 1990 123 53 <40 <40 <40 <40 <40 < 40 <40

17244 512 195 186 62 <40 11182 52 <40 < 40 634 / <40

1636 1053 597 408 116 <40 <40 <200 3648 50 <40 <40

1111950 10595 97078 1413 132 42 860 <40 98 1478301 / 2069
49993 / 365 69

1375 1111 367 161 80 72 <40 <40 <40 <40 33727

>10000000 2298 782 191 42 <40 <40 <40 <40 <40 <40

<40 <40 <40 <40 <40 <40 <40 <40 <40 <40 <40 <40

60247 25682 5224 307 100 50 164 46 < 40 < 40 <40

3145 1439 872 533 307 <40 <40 <40 <40 <40 <40

1005 831 523 561 206 42 <40 <40 <40 <40 <40

272 <40 <40 6591 <40 <40 735 4255 55 <40 106 41895/2531 339 1128



Broadly neutralizing 
monoclonal antibodies 

(bNAbs) may be an alternative 
to standard ART for children



Overview of dual bNAb treatment study in Botswana

• Design:
– Children in the EIT Study > 96 weeks on ART and > 24 weeks of 

continuous viral suppression will be eligible to begin a period of 
overlapping ART + dual bNAbs, and then dual bNAbs alone for up to 
6 months
• Up to 35 participants

– ART will be re-started in all children after 6 months, and will be re-
started immediately in any child with detectable viral load (with 1-2 
week monitoring)



Which bNAbs?

• VRC01LS:

– CD4-binding site

– Has been used in children

– VRC01LS offers improved half-life and 

tissue concentrations

• 10-1074: 

– V3 glycan supersite

– Adult trial: 1.52 log decline 

– Escape mutants remain VRC01-

sensitive 
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who received 30 mg/kg of 10-1074 and harbored sensitive strains was 
1.52 log10 copies/ml (range, 0.9–2.06 log10 copies/ml). The nadir was 
reached after an average of 10.3 d (range 7–25 d). When compared 
to pretreatment HIV-1 RNA levels (day 0), the decrease in viremia in 
this group was significant from about day 3 to day 27 post-infusion 
(Fig. 2a, Supplementary Table 3a and Supplementary Fig. 5). The 
average 10-1074 serum concentrations at viral rebound (defined as an 
increase of at least 0.5 log10 copies/ml above nadir and confirmed in 
the follow-up visit) were 23.7 and 76.9 Mg/ml in the 10 and 30 mg/kg 
dose groups, respectively (Fig. 2b). The most sustained response, 58 d,  
occurred in individual 1HD6K, who exhibited a 10-1074 concentra-
tion of 6.5 Mg/ml at rebound (Fig. 2b). Maximum drop in viral load 
($log10 copies/ml) was not correlated with the 10-1074 neutralization 
sensitivity (IC80) of primary virus cultures obtained before infusion 
(Spearman’s rho: −0.05) or with baseline viremia (Spearman’s rho 
= −0.19) (Fig. 2c,d). Relative T cell subsets remained unchanged 
(Supplementary Fig. 6 and Supplementary Table 3a). We conclude 
that 10-1074 administration rapidly decreases viremia in individuals 
infected with sensitive HIV-1 strains.

Viremia at rebound contains a mixture of different escape variants
To examine the precise nature of the virologic effects of 10-1074 
infusion, we performed single-genome sequencing (SGS) before and 
after infusion on circulating viruses from 15 out of 16 individuals  
with viremia. We retrieved a total of 1,111 full-length envelope 
sequences (Supplementary Table 5). Study subjects were infected with  

epidemiologically distinct clade B viruses (Fig. 3a and Supplementary 
Fig. 4). Consistently with different durations of HIV-1 infection, day 0 
env diversity and phylogenetic complexity varied between participants 
(Fig. 3a and Supplementary Fig. 4).

The 10-1074 antibody makes crucial contacts with Env glycans 
at a potential N-linked glycosylation site (PNGS) at position N332 
and with the 324G(D/N)IR327 motif at the base of the V3 loop11,14,45. 
With the exception of the two individuals who were resistant to  
10-1074 (1HD2 and 1HD9K) and participant 1HC1, all day-0 plasma 
env sequences in the remaining ten individuals displayed a PNGS 
at position N332 and an intact 324G(D/N)IR327 motif, which sug-
gests that the corresponding viruses are sensitive to 10-1074 (Fig. 3b,  
Supplementary Fig. 4 and Supplementary Table 5). Individual 1HC1, 
who responded to 10-1074 infusion with a drop of only 1.0 log10 
copies/ml in viremia, carried an N332T mutation in 2 of 19 viruses 
sequenced before infusion (Fig. 3b and Supplementary Fig. 4).  
The two individuals who did not respond carried single amino acid 
(AA) mutations at either the PNGS (N332T in 1HD2) or a 10-1074 
contact residue in the protein-binding motif (D325E in 1HD9K) in 
100% of day-0 plasma env sequences (Fig. 3b and Supplementary 
Fig. 4).

Four weeks after infusion, 370 intact envelope sequences were 
obtained from 13 individuals who responded to 10-1074. Over 91% 
of sequences showed recurrent AA mutations, most of which (97%) 
eliminated the PNGS at position 332 by mutating either N332 or S334 
(Fig. 3c,d). 3% of mutated sequences showed changes at D/N325 in 
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Figure 2 Viral load dynamics after 10-1074 infusion in participants with HIV-1. (a) 10-1074 dose of either 10 or 30 mg/kg is indicated on the left. Left 
graphs show absolute viral loads in HIV-1 RNA copies/ml (y axis) versus time in days after infusion (x axis). Middle graphs demonstrate log10 changes in 
HIV-1 RNA levels from day 0. Right graphs show average log10 change in viremia after 10-1074 (red line) or 3BNC117 infusion34 (dotted black; curves 
were fitted by robust lowess regression with 40% of the data using MATLAB_R2016a). At the 30-mg/kg dose level, viremia was significantly suppressed 
from about day 3 to day 27 post-infusion as compared to viral load at day 0. The window of significant viral suppression was assessed by computing 
simultaneous confidence bands and determined when these excluded zero (Supplementary Fig. 5). Stars indicate the initiation of antiretroviral therapy. 
(b) 10-1074 serum levels at the time of rebound for individuals receiving 10 or 30 mg/kg of 10-1074 (black or red circles, respectively). Dotted lines 
indicate mean time to rebound after 10-1074 infusion (black, 10 mg/kg, and red, 30 mg/kg). (c) Maximum log10 decline in viremia as measured by 
RNA copies/ml versus 10-1074 IC80 (Spearman coefficient rho = −0.05; P = 0.88) of primary culture virus from samples obtained 557 d to 61 d  
before infusion as determined by TZM.bl assay. No sensitivity data were obtained from 1HC2, 1HD2 and 1HD10K before enrollment. Colors as in b.  
(d) Maximum log10 decline in viremia in 10-1074-sensitive individuals versus initial viral load as measured by RNA copies/ml (Spearman coefficient  
rho = −0.19; P = 0.52). Colors as in b.

Figure 3. VRC01-LS affords greater protection against intrarectal SHIV BaLP4 challenge than 
VRC01
The indicated monoclonal antibodies were administered intravenously to rhesus macaques at 
a dose of 0.3 mg kg−1 on day 0. a, Monoclonal antibody levels per mg of total tissue protein 
in rectal biopsy samples (n = 4 per group) are shown over time. The data points are mean ± 
s.e.m. b, The macaques (n = 12 per group) were challenged with SHIV BaLP4 on day 5 after 
monoclonal antibody administration, and the percentage of uninfected macaques was plotted 
over time. Normal human IgG was given to the control group. Five of 12 VRC01-LS-treated 
macaques and 10 of 12 VRC01-treated macaques were infected (P = 0.0447, one-tailed 
Fisher’s exact test).
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Study Schema: Initial PK Study
• 6 children remain on ART and receive 3 doses VRC01LS

-- Dose: 30mg/kg load, then 10 mg/kg every 4 weeks

• 6 children remain on ART and receive 3 doses 10-1074
-- Dose: 30 mg/kg every 4 weeks



Dosing Considerations
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Study Schema: Intervention (Step 1)

• Step 1: ART + dual bNAbs for 8+ weeks
-- PK review after first 6 children (to confirm dual dosing unchanged 
from single agent dosing)
-- First 6 children remain in Step 1 while awaiting approval to 
proceed to Step 2



Study Schema: Intervention (Step 2,3)

• Step 2: stop ART, dual bNAbs up to 24 wks
-- ART re-started if VL > 400 copies/mL

• Step 3: ART re-started at 24 wks or if viral rebound, bNAbs
end



Safety Monitoring

• Safety, PK data reviewed after PK Step, and after first 6 
children reach 8 weeks of Step 1
– SMC, study sponsor will approve continuation of protocol or need for 

modifications

• Stopping guidelines developed based on at least 30% of 
participants remaining suppressed
– CHER: <6% remained virally suppressed at 6 months off ART



Risks and Benefits of bNAb Study

• Benefits
– Less ART exposure (less toxicity)
– bNAbs may further reduce viral reservoir
– Break for children / caregivers from daily ART
– Potential adjunct to ART if viral failure or poor adherence 

(limited ART regimens for children)
– Proof-of-concept scientific trial

• Better and better antibodies may become available, may allow 
infrequent dosing and less monitoring in future

• Close monitoring in a clinical trial will help us understand which 
children are likely to benefit from antibody treatment



Risks and Benefits of bNAb Study

• Risks
– No/minimal prior data in children
– Both bNAbs need to be given as IV infusions because 

of formulation and dosing
• Inconvenience of IV infusions, but fewer injection reactions

– Some children will experience viral rebound
• Rapid re-suppression expected
• Likely to have minimal reservoir impact (CROI 2018, EIT)
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Conclusions

• New strategies are needed to treat pediatric HIV
– Early treatment helps but isn’t enough

• Broadly neutralizing antibodies have promise as a 
new treatment for HIV
– As with ART, combined therapy likely required
– Early-treated children are an ideal group to benefit from clinical 

trials of this new treatment strategy



It was the best of times, it was the worst of 
times, it was the age of wisdom, it was the 
age of foolishness, it was the epoch of belief, 
it was the epoch of incredulity, it was the 

season of Light, it was the season of 
Darkness, it was the spring of hope, it was 
the winter of despair, we had everything 

before us, we had nothing before us, we were 
all going direct to Heaven, we were all going 

direct the other way

Thanks!

• Thanks to EIT team and participants, soon to become the bNAb
team....


