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BACKGROUND
Whether a broadly neutralizing antibody (bnAb) can be used to prevent human 
immunodeficiency virus type 1 (HIV-1) acquisition is unclear.

METHODS
We enrolled at-risk cisgender men and transgender persons in the Americas and 
Europe in the HVTN 704/HPTN 085 trial and at-risk women in sub-Saharan Africa 
in the HVTN 703/HPTN 081 trial. Participants were randomly assigned to receive, 
every 8 weeks, infusions of a bnAb (VRC01) at a dose of either 10 or 30 mg per kilo-
gram (low-dose group and high-dose group, respectively) or placebo, for 10 infu-
sions in total. HIV-1 testing was performed every 4 weeks. The VRC01 80% inhibi-
tory concentration (IC80) of acquired isolates was measured with the TZM-bl assay.

RESULTS
Adverse events were similar in number and severity among the treatment groups 
within each trial. Among the 2699 participants in HVTN 704/HPTN 085, HIV-1 in-
fection occurred in 32 in the low-dose group, 28 in the high-dose group, and 38 in 
the placebo group. Among the 1924 participants in HVTN 703/HPTN 081, infection 
occurred in 28 in the low-dose group, 19 in the high-dose group, and 29 in the 
placebo group. The incidence of HIV-1 infection per 100 person-years in HVTN 704/
HPTN 085 was 2.35 in the pooled VRC01 groups and 2.98 in the placebo group 
(estimated prevention efficacy, 26.6%; 95% confidence interval [CI], −11.7 to 51.8; 
P = 0.15), and the incidence per 100 person-years in HVTN 703/HPTN 081 was 2.49 
in the pooled VRC01 groups and 3.10 in the placebo group (estimated prevention 
efficacy, 8.8%; 95% CI, −45.1 to 42.6; P = 0.70). In prespecified analyses pooling data 
across the trials, the incidence of infection with VRC01-sensitive isolates (IC80 <1 μg 
per milliliter) per 100 person-years was 0.20 among VRC01 recipients and 0.86 
among placebo recipients (estimated prevention efficacy, 75.4%; 95% CI, 45.5 to 
88.9). The prevention efficacy against sensitive isolates was similar for each VRC01 
dose and trial; VRC01 did not prevent acquisition of other HIV-1 isolates.

CONCLUSIONS
VRC01 did not prevent overall HIV-1 acquisition more effectively than placebo, but 
analyses of VRC01-sensitive HIV-1 isolates provided proof-of-concept that bnAb 
prophylaxis can be effective. (Supported by the National Institute of Allergy and In-
fectious Diseases; HVTN 704/HPTN 085 and HVTN 703/HPTN 081 ClinicalTrials 
.gov numbers, NCT02716675 and NCT02568215.)
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The global pandemic of human im-
munodeficiency virus (HIV) infection be-
gan 40 years ago and continues unabated, 

with 1.5 million new infections each year, includ-
ing 35,000 new cases in the United States and 
150,000 new cases in infants globally.1,2 Although 
the spread of HIV has been blunted by risk-
reduction measures, treatment as prevention, 
and oral antiretroviral preexposure prophylaxis, 
longer-acting antiviral agents are needed to in-
crease adherence and effectiveness of biomedical 
prevention approaches.

Immune-based interventions may also prevent 
infection. VRC01 is an IgG1 broadly neutralizing 
antibody (bnAb) directed at the HIV type 1 (HIV-1) 
envelope protein CD4-binding site; the bnAb 
was isolated from an HIV-1–infected person and 
shares sequence and structural similarities with 
other CD4-binding site bnAbs.3,4 It has wide 
coverage in vitro against subtype B and subtype 
C viral strains.5-7 VRC01 had an acceptable side-
effect profile in early clinical trials8-11 at serum 
and mucosal levels similar to those that were 
found to protect nonhuman primates from lenti-
virus challenge.12-15

We report the results of the Antibody Medi-
ated Prevention trials (HIV Vaccine Trials Net-
work [HVTN] 704/HIV Prevention Trials Network 
[HPTN] 085 and HVTN 703/HPTN 081), which 
were designed as proof-of-concept trials to de-
termine whether VRC01 is capable of preventing 
HIV-1 acquisition and whether its ability to pre-
vent HIV-1 acquisition is defined by the in vitro 
susceptibility of circulating strains.16,17

Me thods

Trial Designs and Populations

We conducted two parallel phase 2b, multicenter, 
randomized, double-blind, placebo-controlled, 
proof-of-concept efficacy trials of the bnAb 
VRC01 in persons who were assigned male sex 
at birth or are transgender and have sex with 
cisgender men or transgender persons (HVTN 
704/HPTN 085, conducted in North America, 
South America, and Europe) and in at-risk hetero-
sexual women (HVTN 703/HPTN 081, conducted 
in sub-Saharan Africa). The details of the trial 
designs,16 statistical analysis plans (see the pro-
tocol, available with the full text of this article 
at NEJM.org), and demographic and sexual risk 
factors of the populations have been described 

previously.18,19 Participants were randomly assigned 
in a 1:1:1 ratio to receive intravenous VRC01 at a 
dose of 10 mg per kilogram of body weight (low-
dose group), VRC01 at a dose of 30 mg per kilo-
gram (high-dose group), or saline placebo, at 
8-week intervals for 10 infusions (20 months). 
The primary efficacy end point was documented 
HIV-1 infection by the week 80 trial visit.

Eligibility criteria and details of the schedule 
and trial visit procedures are included in the 
Supplementary Appendix, available at NEJM.org. 
In the HVTN 704/HPTN 085 trial, participants 
were enrolled at 19 sites in the United States, 5 in 
Peru, 1 in Brazil, and 1 in Switzerland. In the 
HVTN 703/HPTN 081 trial, participants were 
enrolled at 11 sites in South Africa, 3 in Zim-
babwe, 2 in Malawi, and 1 each in Botswana, 
Kenya, Mozambique, and Tanzania.

Counseling about the availability of preexpo-
sure prophylaxis was provided as part of the HIV 
risk counseling that took place at every infusion 
visit. Participants were given access to oral teno-
fovir–emtricitabine as preexposure prophylaxis free 
of charge in the United States through an HVTN-
sponsored program in collaboration with Gilead 
Sciences and in sub-Saharan Africa through an 
HVTN-established program in collaboration with 
the South African Medical Research Council (see 
the Supplementary Appendix).20

Trial Oversight

The trials were designed by academic authors 
and the National Institutes of Health sponsors 
and collaborators. All data were collected and 
analyzed by the Statistical and Data Manage-
ment Center at the Fred Hutchinson Cancer Re-
search Center. The authors had access to the 
data, critically reviewed the manuscript, and 
vouch for the accuracy and completeness of the 
reported results and for the fidelity of the trials 
to the protocols. The first draft of the manu-
script was written by the first, second, and last 
authors. A protocol safety review team conducted 
biweekly blinded reviews of safety data, includ-
ing infusion reactions and adverse events. An 
independent multinational data and safety mon-
itoring board, convened by the Division of AIDS, 
National Institute of Allergy and Infectious Dis-
eases, monitored unblinded trial data every 
6 months. The data presented in this report were 
complete through April 3, 2020.

Central and site-specific institutional review 



boards and ethics committees reviewed and ap-
proved the initial protocol and each subsequent 
version. All the participants provided written 
informed consent, and new consent was ob-
tained for each version of the protocol.

Antibody Administration

VRC-HIVMAB060-00-AB in formulation buffer 
at a pH of 5.8 and saline placebo (sodium chlo-
ride for injection 0.9%, USP) were administered 
in visually identical 150-ml pouches. The en-
rollment infusion was administered over a pe-
riod of 60 minutes; subsequent infusions were 
administered over periods of 15 to 60 minutes. 
Participants were observed in the clinic for lo-
cal reactions for 25 to 60 minutes after each 
infusion and were asked to record their signs 
and symptoms on the evening of each infusion 
and for 3 days thereafter. For the first 3 days 
after each infusion visit, participants were con-
tacted by clinic staff. No preinfusion medica-
tions were used.

HIV Testing

HIV testing was conducted at each 4-week trial 
visit. Positive results required confirmation with 
a second, separately drawn blood sample. HIV-1 
infections included in the analysis of the pri-
mary efficacy end point were identified at cen-
tralized laboratories with the use of predefined 
fourth-generation Food and Drug Administra-
tion (FDA)–validated assays and were confirmed 
by an end-point adjudication committee of ex-
perts who were unaffiliated with the trials 
(Supplementary Appendix).

Testing of Sensitivity of HIV-1 Isolates 
to VRC01

We used the TZM-bl assay to assess the in vitro 
sensitivity to VRC01 of each HIV-1 strain isolated 
during the trial. The rev–env portion of the HIV-1 
genome encoding the complete Env glycoprotein 
of the identified founder virus of the infection 
was sequenced and synthesized, and plasmids 
containing complete rev–env cassettes were co-
transfected together with an Env-defective back-
bone vector in 293T/17 cells (see the Supplemen-
tary Appendix). Neutralization of the resulting 
Env-pseudotyped viruses was measured after a 
single round of infection in TZM-bl cells,21,22 
with titers expressed as the 50% or 80% inhibi-
tory concentration (IC50 or IC80) (see the Supple-

mentary Appendix). The IC80 was used preferen-
tially for analysis.

Statistical Analysis

All analyses were prespecified in the statistical 
analysis plans.16 Prevention efficacy was mea-
sured as 1 minus the ratio (VRC01:control) of 
cumulative incidences of HIV-1 infection diagno-
sis between enrollment and the week 80 visit for 
assessment of the primary efficacy end point. 
Cumulative incidence was estimated with the 
Nelson–Aalen estimator for the cumulative haz-
ard function, with stratification according to 
VRC01 dose and trial.23,24

In prespecified secondary analyses, the analy-
sis of prevention efficacy was repeated for each 
of three prespecified categories of in vitro sus-
ceptibility of the infecting strain (IC80 <1 μg per 
milliliter, 1 to 3 μg per milliliter, or >3 μg per 
milliliter) with the use of the Aalen–Johansen 
estimator (see the Supplementary Appendix for 
the rationale for the prespecified category cutoff 
values).25

Each trial was designed to have 90% power to 
detect 60% prevention efficacy (pooled VRC01 
doses vs. placebo) at the week 80 visit for assess-
ment of the primary efficacy end point. Pooling 
of data from the trials was planned to enhance 
precision in a correlates analysis involving the 
prespecified in vitro susceptibility of circulating 
strains. There was no prespecified plan to adjust 
for multiple comparisons across secondary analy-
ses; 95% confidence intervals are reported with-
out P values. The 95% confidence intervals have 
not been adjusted for multiple comparisons and 
should not be used to infer definitive treatment 
effects.

R esult s

Participant Enrollment and Baseline 
Characteristics

Between April 6, 2016, and October 5, 2018, a 
total of 2699 participants were enrolled in 
HVTN 704/HPTN 085, and between May 17, 
2016, and September 20, 2018, a total of 1924 
participants were enrolled in HVTN 703/HPTN 
081. The primary analysis populations num-
bered 2687 and 1924, respectively (Fig. S6 in the
Supplementary Appendix). The median age of the
participants enrolled in HVTN 704/HPTN 085
was 28 years. In that trial, 31.6% of participants
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reported their race as White, and 15.1% as 
Black; 57.1% identified as Latinx (Table 1). The 
median age of participants in HVTN 703/HPTN 
081 was 26 years; 98.9% reported their race as 
Black. Additional details, including sexual risk 
behavior and the percentages of participants 
with sexually transmitted infection at enrollment 
in both trials, are provided in Table S3.

Preexposure prophylaxis use was evenly distrib-
uted among the treatment groups in each trial 
(see Supplementary Text and Figs. S1 through S5). 
During 4196 person-years of follow-up in HVTN 
704/HPTN 085, preexposure prophylaxis was 
detectable in 39.0% of person-years (95% confi-
dence interval [CI], 35.9 to 42.0) and preexpo-
sure prophylaxis was present at effective concen-

trations in 28.9% of person-years (95% CI, 26.4 
to 31.6); during 3300 person-years of follow-up 
in HVTN 703/HPTN 081, these percentages were 
3.8% (95% CI, 2.8 to 4.9) and 0.4% (95% CI, 0.1 
to 0.7), respectively.

The rate of loss to follow-up was 9.4% per year 
in HVTN 704/HPTN 085 and 6.3% per year in 
HVTN 703/HPTN 081, with similar rates among 
the groups in each trial (Figs. S7 and S8). Adher-
ence to HIV testing across the entire series of 
4-week trial visits exceeded 94% in both trials 
(Tables S1 and S2). In HVTN 704/HPTN 085, the 
mean number of infusions received was 9.0, with 
79% of participants receiving all 10 infusions; in 
HVTN 703/HPTN 081, these values were 8.9 infu-
sions and 76% of participants (Tables S4 and S5).

Table 2. Reactogenicity and Safety Data Pooled Across the Two Trials.

Event
Overall 

(N = 4623)
Placebo 

(N = 1540)
Low-Dose VRC01 

(N = 1541)
High-Dose VRC01 

(N = 1542)

number of participants (percent)

Pain or tenderness

None 3552 (76.8) 1171 (76) 1184 (76.8) 1197 (77.6)

Mild 978 (21.2) 341 (22.1) 324 (21) 313 (20.3)

Moderate 89 (1.9) 28 (1.8) 32 (2.1) 29 (1.9)

Severe 4 (0.1) 0 1 (0.1) 3 (0.2)

Potentially life-threatening 0 0 0 0

Maximum systemic symptom severity

None 2638 (57.1) 875 (56.8) 875 (56.8) 888 (57.6)

Mild 1543 (33.4) 531 (34.5) 506 (32.8) 506 (32.8)

Moderate 431 (9.3) 130 (8.4) 156 (10.1) 145 (9.4)

Severe 11 (0.2) 4 (0.3) 4 (0.3) 3 (0.2)

Potentially life-threatening 0 0 0 0

Increased body temperature

None 4464 (96.6) 1489 (96.7) 1489 (96.6) 1486 (96.4)

Mild 88 (1.9) 29 (1.9) 25 (1.6) 34 (2.2)

Moderate 58 (1.3) 17 (1.1) 22 (1.4) 19 (1.2)

Severe 12 (0.3) 4 (0.3) 5 (0.3) 3 (0.2)

Potentially life-threatening 1 (<0.1) 1 (0.1) 0 0

Adverse event related to VRC01  
or placebo

Mild 83 (1.8) 22 (1.4) 34 (2.2) 27 (1.8)

Moderate 84 (1.8) 12 (0.8) 28 (1.8) 44 (2.9)

Severe 6 (0.1) 0 4 (0.3) 2 (0.1)

Potentially life-threatening 1 (<0.1) 0 1 (0.1) 0

Death 0 0 0 0
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Safety

The number and severity of adverse events and 
the percentages of participants with reactogenic-
ity events were balanced among the treatment 
groups (Tables 2 and S6 through S8). In HVTN 
703/HPTN 081, adverse events related to VRC01 
were numerically more common than those re-
lated to placebo (Table S9). Local and systemic 
reactions of moderate-to-severe grades were un-
common (Tables S10 through S13). Adverse 
events that were related to VRC01 and were 
graded as moderate to severe were observed in 
1.2% of the participants in HVTN 704/HPTN 
085 and in 3.0% of the participants in HVTN 
703/HPTN 081. Six deaths occurred, all of which 
were judged by the investigators and the data 
and safety monitoring board to have been unre-
lated to VRC01 or placebo (Table S14).

Overall Efficacy

VRC01 was not associated with a significantly 
lower incidence of overall HIV-1 acquisition by 
the week 80 visit in either trial (Fig. 1A and 1B). 
In HVTN 704/HPTN 085, the overall estimated 
prevention efficacy as compared with the place-
bo group at the week 80 visit was 26.6% (95% 
CI, −11.7 to 51.8; P = 0.15) in the pooled VRC01 
group, 22.4% (95% CI, −25.5 to 52.0) in the low-
dose group, and 30.9% (95% CI, −13.9 to 58.0) 
in the high-dose group (Fig. 1C). In HVTN 703/
HPTN 081, the overall prevention efficacy as 
compared with the placebo group at the week 80 
visit was 8.8% (95% CI, −45.1 to 42.6; P = 0.70) 

in the pooled VRC01 group, –9.3% (95% CI, 
−85.3 to 35.5) in the low-dose group, and 27.0%
(95% CI, −30.7 to 59.3) in the high-dose group.
Although overall prevention efficacy was higher
in the high-dose group than in the low-dose
group and was higher in HVTN 704/HPTN 085
than in HVTN 703/HPTN 081, the confidence
intervals overlapped considerably.

In HVTN 704/HPTN 085, there were 32 infec-
tions in the low-dose group, 28 in the high-dose 
group, and 38 in the placebo group, for inci-
dences of 2.50 per 100 person-years (95% CI, 
1.71 to 3.53), 2.20 per 100 person-years (95% CI, 
1.46 to 3.18), and 2.98 per 100 person-years 
(95% CI, 2.11 to 4.09), respectively (Fig. 1C). In 
HVTN 703/HPTN 081, there were 28 infections 
in the low-dose group, 19 in the high-dose group, 
and 29 in the placebo group, for incidences of 
2.98 per 100 person-years (95% CI, 1.98 to 4.30), 
2.00 per 100 person-years (95% CI, 1.21 to 3.13), 
and 3.10 per 100 person-years (95% CI, 2.08 to 
4.45), respectively (Tables S15 and S16). The 
point estimate of overall prevention efficacy was 
approximately 50 to 60% at 16 to 24 weeks (after 
three infusions) and decreased over time (Fig. S9). 
The decrease appeared to be greater in HVTN 
703/HPTN 081 (Table S17).

Association between Protection at Week 80 
and Viral Strain Sensitivity

Our prespecified analyses of the vitro suscepti-
bility of the HIV-1 isolates acquired during the 
trial revealed several findings regarding the as-
sociation between the in vitro neutralization sen-
sitivity of the isolates and the efficacy of VRC01 
in preventing HIV-1 acquisition. For these analy-
ses, we calculated prevention efficacy against 
viruses in the prespecified in vitro sensitive, inter-
mediate, and resistant categories, using pooled 
data from both trials (Fig.  2). The estimated 
prevention efficacy against sensitive viruses was 
high in both VRC01 dose groups (Figs. S10 
through S12). In analyses of pooled data from 
the two trials, the incidence of infection with 
sensitive viruses (IC80 <1 μg per milliliter) was 
0.20 per 100 person-years among VRC01 recipi-
ents, as compared with 0.86 per 100 person-years 
among placebo recipients (estimated efficacy, 
75.4%; 95% CI, 45.5 to 88.9). VRC01 did not 
prevent infections with intermediate or resistant 
viruses (prevention efficacy estimates near zero) 
(Fig. 2B). The frequency of isolates with an IC80 

Figure 1 (facing page). Overall Cumulative Incidence  
of HIV-1 Acquisition and Prevention Efficacy.

Panels A and B show the cumulative incidence of human 
immunodeficiency virus type 1 (HIV-1) acquisition in 
the HIV Vaccine Trials Network (HVTN) 704/HIV Pre-
vention Trials Network (HPTN) 085 trial (conducted in 
the Americas and Europe and involving persons who 
were assigned male sex at birth or are transgender and 
who have sex with cisgender men or transgender per-
sons) and HVTN 703/HPTN 081 (involving at-risk het-
erosexual women in sub-Saharan Africa), respectively. 
Participants in the low-dose group received 10 mg of 
VRC01 per kilogram of body weight, those in the high-
dose group received 30 mg per kilogram, and those in 
the placebo group received saline placebo. The insets 
show the same data on an enlarged y axis. Panel C shows 
the annualized incidence of HIV-1 acquisition and a for-
est plot of prevention efficacy at the week 80 visit in each 
trial and pooled over both trials. CI denotes confidence 
interval.



of less than 1 μg per milliliter was 30% (19 of 
64) in the placebo groups and 9% (9 of 98) in
the VRC01 groups; 55% of isolates in the place-
bo group had IC80 values greater than 3 μg per
milliliter, and 49% of these isolates had values
greater than 10 μg per milliliter (Table S18);
these susceptibilities in the placebo group indi-
cate somewhat more viruses with in vitro resis-
tance than in previous panels of viruses.6,7,26-28

Prevention efficacy was also assessed with 
the use of the entire range of IC80 values (0.1 to 
>10 μg per milliliter) and was found to vary with
IC80. The estimated prevention efficacy exceeded
80% against viruses with an IC80 of less than
0.3 μg per milliliter (the most sensitive viruses)
and decreased with increasing IC80, reaching

zero at an IC80 of approximately 5 μg per milli-
liter (Figs. 3A and S14 through S19). Acquired 
viruses in the VRC01 groups were more resistant 
to neutralization than acquired viruses in the 
placebo groups, with a geometric mean IC80 of 
8.4 μg per milliliter (95% CI, 6.0 to 11.6) in the 
pooled VRC01 group, as compared with 3.5 μg 
per milliliter (95% CI, 2.3 to 5.6) in the placebo 
group (geometric mean ratio, 2.4; 95% CI, 1.4 to 
4.1) (Fig. 3A and Table S19).

Viral load at the time of first detection was 
lower among VRC01 recipients than among pla-
cebo recipients infected with sensitive viruses 
(estimated geometric mean, 9800 copies per 
milliliter vs. 176,000 copies per milliliter), show-
ing in vivo inhibition of replication even among 

Figure 2. Prevention Efficacy of VRC01 against HIV-1 of Different in Vitro Sensitivities (IC80) to VRC01.

Each acquired virus (162 infected participants) was evaluated as an Env-pseudotyped virus in the TZM-bl target cell assay. Panel A 
shows prevention efficacy (pooled VRC01 groups vs. placebo) over the 80-week trial period against each virus for the three prespecified 
80% inhibitory concentration (IC80) categories: less than 1 μg per milliliter, 1 to 3 μg per milliliter, and greater than 3 μg per milliliter. 
Panel B shows a forest plot of prevention efficacy (pooled VRC01 groups vs. placebo) at the week 80 visit for the three prespecified IC80 
categories.
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breakthrough isolates. VRC01 did not influence 
the initial viral load among participants infected 
with intermediate or resistant viruses (estimated 
geometric mean, 103,000 copies per milliliter vs. 
65,000 copies per milliliter) (Fig. 3B). Thus, on 
the basis of multiple markers of acquisition and 
viral breakthrough, the in vivo susceptibility of 
HIV-1 to VRC01 was predicted by in vitro sensi-
tivity testing with Env-pseudotyped viruses in 
the TZM-bl assay.

Discussion

Our trials were designed to evaluate whether 
long-term administration of a bnAb (VRC01) 
could prevent HIV-1 acquisition, whether sus-
ceptibility of the circulating viruses in the com-
munity to the bnAb would influence prevention 
efficacy according to subtype or gender, and 
whether we could determine the in vitro level of 
VRC01 neutralization sensitivity of viruses as a 
biomarker of protection. All these questions 
were answered in our trial.

Although VRC01 administered intravenously 
at 8-week intervals over 20 months did not have 
a significant effect on HIV-1 transmission overall 
in either trial, prespecified secondary analyses 

suggest that VRC01 was associated with a lower 
risk of acquisition of HIV-1 isolates that had in 
vitro sensitivity to the antibody (i.e., an IC80 of 
<1 μg per milliliter). Against this group of highly 
sensitive viruses, receipt of VRC01 was associated 

Figure 3. Cumulative Incidence of HIV-1 Infection  
and Prevention Efficacy According to IC80 Category.

Panel A shows the estimated prevention efficacy 
(pooled VRC01 groups vs. placebo) at the week 80 visit 
with 95% confidence intervals plotted against quantita-
tive IC80. Box-and-whisker plots above the graph show 
the distribution of acquired virus IC80 values for each 
primary end-point infection, stratified according to 
treatment group. A red triangle indicates an acquired 
virus in the designated VRC01 group, and a blue circle 
an acquired virus in the placebo group. In the box-and-
whisker plots, the right and left sides of the box indi-
cate the interquartile range, the vertical line the median, 
and the whiskers the range. Data on virus neutraliza-
tion were missing for eight infections in HVTN 704/
HPTN 085 and four infections in HVTN 703/HPTN 
081; these cases were excluded. Panel B shows the dis-
tribution of viral loads at detection, stratified accord-
ing to treatment group and IC80 category. A red dot 
indicates an acquired virus in the designated VRC01 
group, and a blue dot an acquired virus in the placebo 
group. In the box-and-whisker plots, the top and bot-
tom of the box indicate the interquartile range, the 
horizontal line the median, and the whiskers the range. 
The shapes drawn around the box plots in Panel B are 
violin plots showing the kernel probability density of 
the viral load data at different viral load values.
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with 75% protection over the 20-month trial 
period among women in sub-Saharan Africa 
who were at risk for HIV-1 infection and were 
exposed to subtype C variants (HVTN 703/HPTN 
081 trial) and at-risk persons in South America, 
Switzerland, and the United States who were as-
signed male sex at birth or are transgender and 
who were exposed to subtype B variants (HVTN 
704/HPTN 085 trial). Susceptibility to the anti-
body was the important determinant of antiviral 
activity. Our trials were designed with the idea 
that strains with an IC80 of less than 10 μg per 
milliliter would be effectively inhibited by 
VRC01, an in vitro cutoff value that was met for 
65 to 81% of strains in contemporaneous sub-
type B and C panels.3,6,7,26-28 However, we found 
that only strains with an IC80 of less than 1 μg 
per milliliter — which corresponded to only 
30% of the viruses circulating in the trial re-
gions — were effectively inhibited by VRC01, 
which is likely to explain the lack of an overall 
significant prevention efficacy over the 20-month 
trial period. Our randomization scheme resulted 
in equal distribution of oral preexposure prophy-
laxis use in our trials, and this factor therefore 
should not have influenced our findings. The 
relatively low rate of oral emtricitabine–tenofovir 
use, despite unrestricted cost-free access and 
counseling on its availability throughout the 
trial, illustrates the lack of interest in this pre-
vention strategy among the participants. This 
seemed especially true among women in sub-
Saharan Africa, where, despite on-site access to 
oral emtricitabine–tenofovir, uptake was very low.

Our data suggest that VRC01 applied pressure 
on the circulating strains of virus at the earliest 
stages of acquisition and may have suppressed 
infection in the tissue, with emergence of resis-
tant isolates over time. Isolates acquired among 
VRC01 recipients were more resistant to VRC01 
than those acquired among placebo recipients 
(geometric mean IC80, 8.4 μg per milliliter vs. 
3.5 μg per milliliter). Viral loads at the time of 
detection were lower among VRC01 recipients 
than among placebo recipients for acquired 
viruses with an IC80 lower than 1.0 μg per milli-
liter. We are evaluating whether molecular sig-
natures provide further insights into these ob-
served effects. Studies to determine whether 
early transient suppression and late breakthrough 
occurred over time are also under way. These 

studies may help to define whether such effects 
can be precluded by bnAb combinations or the 
use of Fc receptors that concentrate the virus in 
tissue and enhance serum and tissue concentra-
tions of antibody. Although formal evaluations 
of antidrug antibodies in participants, including 
persons infected with breakthrough isolates, are 
under way, analyses of VRC01 levels in the phar-
macokinetics substudy have revealed no decline 
in VRC01 concentration or neutralizing activity 
in serum over successive infusions.11,29,30

Highly potent antibodies with dosing inter-
vals of 3 to 6 months are now in clinical devel-
opment, and early-phase clinical trials of two-
bnAb (ClinicalTrials.gov numbers, NCT04173819 
and NCT04212091) and two- and three-bnAb 
(NCT03928821) combinations are being conduct-
ed.31 In addition, both bispecific (NCT03875209) 
and trispecific (NCT03705169) bnAbs are in 
clinical development. Our trials suggest a path 
forward for the use of combination bnAb regi-
mens for effective prevention of HIV infection in 
high-risk populations. Our results support the 
idea that in general, the serum neutralization 
titer against exposing viruses will be the key fac-
tor for achieving high prevention efficacy, such 
that bnAb regimens that provide both high 
bnAb concentrations for long periods of time 
and high coverage of circulating strains are 
most promising. Our data indicate that the like-
lihood that potent combinations of bnAbs will 
be effective in inhibiting acquisition of circulat-
ing community strains can be evaluated with the 
use of the IC80 cutoff we have defined here (i.e., 
<1 μg per milliliter). Combinations of bnAbs to 
provide one- or two-bnAb coverage at levels as-
sociated with in vivo protection can be designed 
with the TZM-bl assays, and animal challenge 
models can be useful screening tests for such 
future studies. Studies of the use of bnAbs for 
treatment of HIV-1 infection indicate that viral 
rebound results from “escape” of resistant vari-
ants from a diverse swarm after bnAb infusion 
and that such variants often possess such mo-
lecular signatures.32-34

VRC01 did not prevent overall HIV-1 acquisi-
tion in either of our trials. Analyses that were 
focused on HIV isolates that were sensitive to 
VRC01 provided proof-of-concept for bnAbs hav-
ing the potential to prevent HIV-1 acquisition. 
Similar to what has been seen with first-genera-



tion antiretroviral therapy, innate resistance and 
selection of resistant isolates over time mitigate 
the effect of this treatment as a single preventive 
therapeutic agent, which suggests that there is a 
need to assess the efficacy of a broader, more 
potent combination of antibodies.
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