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Abstract

Induction of broad, durable immune responses is a challenge in HIV vaccine development.

HVTN 100 Part A administered subtype C-containing ALVAC-HIV at months 0 and 1, and

ALVAC-HIV with bivalent subtype C gp120/MF59 at months 3, 6 and 12. As IgG binding

antibody and T-cell responses were similar or greater at month 12.5 vs. month 6.5, but

waned by month 18, we investigated vaccine-elicited immune responses after a month 30

boost in this study, HVTN 100 Part B. From 13 September 2017 to 7 August 2018, a sub-

group of vaccinees was randomized to receive intramuscular injections of ALVAC+gp120/
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MF59 (n = 32) or gp120/MF59 alone (n = 31) and a subgroup of placebo recipients was

administered placebo (n = 7) at month 30. Primary outcomes were safety, IgG binding anti-

bodies (bAbs) to vaccine-specific and V1V2 Env proteins and vaccine-specific CD4+ T cells

at month 30.5. Secondary outcomes included neutralizing and antibody dependent cellular

cytotoxicity functions and durability at months 30 and 36. Both vaccine groups had an

acceptable safety profile. There were no statistically significant differences in the occurrence

or level of IgG bAbs between the vaccine boost groups for any vaccine-specific or V1V2

antigens. IgG responses were higher to vaccine-matched gp120 than to V1V2. The booster

vaccination restored the magnitude-breadth IgG bAb response to V1V2 antigens at month

30.5. However, it rapidly waned by month 36. CD4+ T-cell response rates to the 3 vaccine-

matched Env antigens for the combined vaccine groups ranged from 37% at month 30,

boosted to as high as 91% at month 30.5, and waned by month 36 to as low as 44%, with no

significant differences between the vaccine boost groups. Because these responses waned

after 6 months, additional strategies may be needed to maintain the durability of prime-

boost vaccine regimens and to generate these or other immune responses that confer

protection.

Trial registration: South African National Clinical Trials Register (SANCTR number:

DOH—27-0215-4796) and ClinicalTrials.gov (NCT02404311).

Introduction

Effective HIV vaccines require robust and sustained immune responses. RV144, the only HIV

vaccine regimen trial that has shown any efficacy to date, demonstrated waning efficacy coin-

ciding with waning immune responses after a heterologous prime-boost strategy given at

months 0, 1, 3 and 6 [1]. The timing of vaccine doses may affect immune responses. Animal

studies suggest that shortening the interval between boosters, for example to two weeks apart,

may result in a faster time to achieving protection, but could unfavorably affect the formation

of stable long-term memory T cells [2]. In addition to the question of optimal dose timing, it is

also of interest to investigate whether waning responses could be mitigated with serial boosting

to maintain critical responses above a threshold associated with efficacy.

RV305 and RV306 were clinical trials that followed the partially efficacious RV144 HIV vac-

cine trial. RV305 was a randomized, double-blind placebo-controlled trial that evaluated the

immunogenicity of late boost strategies in 162 RV144 vaccine recipients who did not acquire

HIV-1 and who had completed the full RV144 immunization series [3]. The late boost was

after 6–8 years with RV144 immunogens (ALVAC-HIV alone, AIDSVAX B/E gp120 alone, or

ALVAC-HIV + AIDSVAX B/E gp120). The results showed that the ALVAC vaccine compo-

nent contributed to improved breadth, function, and durability of vaccine-elicited antibody

responses [3,4]. The RV306 trial enrolled and randomized 360 healthy volunteers in Thailand

to receive the RV144 priming series over 6 months, followed by no boost, or a boost with

AIDSVAX B/E alone, or a boost with AIDSVAX B/E plus ALVAC at month 12, or a boost

with both vaccines at month 15 or 18. The results showed that the Fc-mediated effector func-

tions were increased 2 weeks after the additional boost at week 48 compared to 2 weeks after

completion of the RV144 vaccination regimen but the responses were not durable [5]. In

HVTN 100 Part B, we used a more compressed vaccination schedule, which aimed to improve

the durability of the immune response compared to RV306.

PLOS GLOBAL PUBLIC HEALTH A 30-month booster in an HIV vaccine trial in South Africa

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0003319 September 20, 2024 2 / 16

Funding: The HVTN 100 clinical trial was funded by

the National Institute of Allergy and Infectious

Diseases (NIAID, https://www.niaid.nih.gov/) U.S.

Public Health Service Grants UM1 AI068614 [LOC:

HIV Vaccine Trials Network, GDT], UM1 AI068618

[LC: HIV Vaccine Trials Network, MJM], and UM1

AI068635 [SDMC: HIV Vaccine Trials Network,

ZM], UM1 AI069453 [Soweto-Bara Clinical

Research Site, FL], UM1 AI069519 [Cape Town –

Emavundleni Clinical Research Site, LGB], UM1

AI069469 [Durban –eThekwini Clinical Research

Site, KM], and UM1 AI069422 [Durban – Isipingo

Clinical Research Site, VN] and NIH (P30

AI064518, GDT). Dr Naicker was supported by a

Scientific Leadership Development award from

HVTN. The HVTN 100 clinical trial was also funded

by the Bill & Melinda Gates Foundation award

OPP1110792. The Gates Foundation provided

funding to Fred Hutchinson Cancer Center to

support the implementation of HVTN 100 at the

Soweto-Bara Clinical Research Site, Cape Town-

Emavundleni Clinical Research Site, Durban-

eThekwini Clinical Research Site, and Durban-

Isipingo Clinical Research Site, as well as the

Klerksdorp and Soshanguve sites. Funding was

provided to Novartis Vaccines and Diagnostics

(now part of the GlaxoSmithKline group of

companies) by NIAID (HHSN272201300033C//

HHSN272201600012C) for the selection and

process development of the two gp120 envelope

proteins TV1.C and 1086.C, and by the Bill &

Melinda Gates Foundation Global Health Grant

OPP1017604 and NIAID for the manufacture and

release of the gp120 clinical grade material. Role of

the funding source: Within the terms of the Grant

Award of the Cooperative Agreement with the HIV

Vaccine Trials Network (HVTN), the study sponsor,

NIAID, contributed to, reviewed, and approved the

HVTN 100 study design, contributed to the review

and analysis of data, concurred with the decision to

publish, and assisted with the preparation of the

manuscript. The Gates Foundation contributed to,

reviewed, and approved the HVTN 100 study

design, and reviewed the data from the study.

Neither NIAID or the Gates Foundation were

involved in the data collection, and did not perform

statistical analyses. GlaxoSmithKline Biologicals SA

was provided the opportunity to review a

preliminary version of this manuscript, but the

authors are solely responsible for final content and

interpretation.

Competing interests: I have read the journal’s

policy and the authors of this manuscript have the

following competing interests: The HVTN 100

clinical trial was funded by the National Institute of

Allergy and Infectious Diseases (NIAID, https://

www.niaid.nih.gov/) U.S. Public Health Service

https://clinicaltrials.gov/study/NCT02404311
https://doi.org/10.1371/journal.pgph.0003319
https://www.niaid.nih.gov/
https://www.niaid.nih.gov/
https://www.niaid.nih.gov/


In HVTN 100, a Phase 1–2 trial of a pox-protein vaccine regimen tailored for the sub-Saha-

ran African region, participants were vaccinated at the same time points as RV144, with an

additional vaccination of ALVAC-HIV+gp120/MF59 at month 12 [6]. This resulted in

immune response extension [7], however responses waned by month 18, contributing to a

decision to add a vaccination at month 18 to HVTN 702, the Phase 2b-3 trial of the same regi-

men that ultimately showed no efficacy [8].

The results from the RV305 and RV306 trials suggest that boosting HVTN 100 trial partici-

pants at month 30 with bivalent subtype C gp120/MF59 with and without ALVAC-HIV

(vCP2438) may restore immune responses, especially those correlated with decreased HIV

acquisition risk in RV144 [4].

Our study investigated how each vaccine component—all components versus adjuvanted

protein only—contributes to the immune response to a late booster of the subtype C-adapted

ALVAC/gp120 HIV vaccine regimen. We demonstrate the effect of late booster vaccinations

on safety and immune responses. We characterized cellular, binding and neutralizing anti-

body, and functional immune responses elicited by different booster vaccinations at 30 months

after the first vaccination in HVTN 100 participants.

Methods

Trial design

The HVTN 100 trial has been previously described [6]. In summary, it was a Phase 1–2 ran-

domized, double-blind, placebo-controlled clinical trial of subtype C ALVAC-HIV (vCP2438)

and bivalent subtype C gp120/MF59 vaccines administered at months 0, 1, 3, 6, and 12

(Table 1). Six trial sites in South Africa enrolled 252 eligible participants: healthy adults living

without HIV, aged 18–40 at low vulnerability for HIV acquisition.

In Part A, the trial followed 252 participants for safety and immunogenicity until month 18.

The extension of the trial into HVTN 100 Part B maintained the double-blinded, placebo-con-

trolled design with planned enrollment of n = 70 participants. Participants from HVTN 100

Part A who had neither met discontinuation of vaccination criteria nor criteria for termination

from the study and agreed to provision of mucosal samples as per protocol were eligible. All

participants provided written informed consent. Of the 70 participants enrolled in Part B, 63

participants had received vaccine in Part A. Of these, 32 were randomized to ALVAC+gp120/

MF59, 31 were randomized to gp120/MF59 alone and seven participants who received placebo

in Part A received placebo again in Part B (Fig 1). These participants received vaccinations at

month 30 and were followed until month 36 (Table 1).

Randomization sequences for Part B vaccine groups were obtained by computer-gener-

ated block randomization through a Web-based randomization system to achieve balance

across both vaccine groups. Participants who received placebo in Part A also received pla-

cebo in Part B.

Ethics statement

The research ethics committees of the University of the Witwatersrand, the University of Cape

Town, the University of KwaZulu-Natal, and the South African Medical Research Council

approved the study. The trial was overseen by the NIAID DSMB. HVTN 100 was registered

with the South African National Clinical Trials Register (SANCTR number: DOH—27-0215-

4796) and ClinicalTrials.gov (NCT02404311).
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Trial objectives

A primary objective for HVTN 100 Part B was to evaluate the safety and tolerability of bivalent

subtype C gp120/MF59 and of ALVAC-HIV (vCP2438) + bivalent subtype C gp120/MF59 when

given as boosts in participants previously vaccinated in HVTN 100 Part A. The primary end-

points included the frequency of severe local and systemic reactogenicity signs and symptoms

and the primary immunogenicity objective was to evaluate cellular and binding antibody

responses at two weeks following vaccination with bivalent subtype C gp120/MF59 or ALVA-

C-HIV (vCP2438) + bivalent subtype C gp120/MF59 when given as boosts at month 30 in partic-

ipants previously vaccinated in Part A. The primary immunogenicity outcomes were prevalence

and level of vaccine-induced IgG antibody binding to envelope (Env) proteins, vaccine-induced

IgG antibody binding to V1V2-scaffolded Env proteins and vaccine-induced CD4+ T-cell

responses to the HIV proteins included in the vaccine at month 30.5. HVTN 100 Part B was

designed while the HVTN 702 study was still ongoing and the lack of efficacy not yet known.

HVTN 100 Part B secondary objectives included evaluation of the durability of immune

responses at months 30 and 36 and further characterization of the HIV-1 specific immunoge-

nicity of ALVAC-HIV (vCP2438) vs. ALVAC-HIV (vCP2438) + bivalent subtype C gp120/

MF59 at 2 weeks following vaccination at month 30.

Study products and routes of administration

The study products were ALVAC-HIV (vCP2438) and MF59-adjuvanted bivalent subtype C

gp120. ALVAC-HIV (vCP2438) (viral titer nominal dose of 106 to 108 50% cell culture infec-

tious dose) expressed the Env gp120 of the subtype C ZM96.C strain with the gp41 transmem-

brane sequence of the subtype B LAI strain, as well as Gag and protease from the subtype B

LAI strain. Bivalent subtype C gp120 was a combination of 100 μg each of the subtype C Env

gp120 of the TV1.C and 1086.C strains. Placebo for ALVAC-HIV was a mixture of virus stabi-

lizer and freeze-drying medium reconstituted with 0.4% NaCl, and placebo for the bivalent

subtype C gp120 was sodium chloride for injection.

Safety monitoring

Participants were observed at the clinical research sites for 30 minutes post vaccination and

completed a post-vaccination symptom log for 3 days to track local and systemic reactogeni-

city signs and symptoms.

Table 1. HVTN 100 Part A and B schema.

Group N Primary vaccine regimen Part A Booster

Month 0 Month 1 Month 3 Month 6 Month 12

1 210 ALVAC-HIV

(vCP2438)

ALVAC-HIV

(vCP2438)

ALVAC-HIV (vCP2438) + Bivalent

Subtype C gp120/MF59

ALVAC-HIV (vCP2438) + Bivalent

Subtype C gp120/MF59

ALVAC-HIV (vCP2438) + Bivalent

Subtype C gp120/MF59

2 42 Placebo Placebo Placebo + Placebo Placebo + Placebo Placebo + Placebo

Total 252

Booster

Part B

Part A

Group

Part B Group† N Month 30

1 1a 32 ALVAC-HIV (vCP2438) + Bivalent Subtype C gp120/MF59

1b 31 Placebo + Bivalent Subtype C gp120/MF59

2 2 7 Placebo + Placebo

Total 70

https://doi.org/10.1371/journal.pgph.0003319.t001
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Safety assessment symptoms of pain, tenderness, erythema, and induration at the injection

site were assessed as local reactogenicity, and malaise and/or fatigue, myalgia, headache, nau-

sea, vomiting, chills, arthralgia and elevated temperature were assessed as systemic reactogeni-

city if the onset date was within 72 hours following vaccination. Adverse events (AEs) were

graded using version 2.0 of the DAIDS Table for Grading the Severity of Adult and Pediatric

Adverse Events (November 2014). The safety laboratory parameters included: white blood

Fig 1. CONSORT diagram. SPA = study product administration; bAb = binding antibody; ICS = intracellular

cytokine staining; ADCC = antibody dependent cellular cytotoxicity; nAb = neutralizing antibody.

https://doi.org/10.1371/journal.pgph.0003319.g001
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cells, neutrophils, lymphocytes, hemoglobin, platelets, alanine aminotransferase, aspartate

aminotransferase, alkaline phosphate, and creatinine.

Laboratory immunogenicity assays

Cellular and antibody responses were evaluated at months 30 (18 months post 5th vaccination),

30.5 (2 weeks post 6th vaccination) and 36 (6 months post 6th vaccination).

The frequency, magnitude and breadth of IgG binding antibody (bAb) responses were mea-

sured by the HIV-1 binding antibody multiplex assay (BAMA) in serum specimens as previ-

ously described [6]. Serum HIV-1-specific IgG (1:50 dilution) responses against antigens listed

(S1 Table) were measured on a Bio-Plex instrument (Bio-Rad) using a standardized custom

HIV-1 Luminex assay [9–13]. Antibody-dependent cell-medicated cytotoxicity (ADCC) anti-

body responses were measured using GranToxiLux (GTL) assays and a luciferase assay (S1

Text). The neutralizing antibody (nAb) assay was performed with Env-pseudotyped viruses in

TZM-bl cells as previously described [6]. Intracellular cytokine staining (ICS) was performed

to measure HIV-specific CD4+ and CD8+ T cells expressing IFN-γ, IL-2, or CD40L as previ-

ously described [6], but using a 17-color staining panel. CD4 and CD8 T-cell responses were

classified according to 4 different phenotypes: naïve; central memory; effector memory and

terminally differentiated T-cells, depending on the presence of CCR7 and/or CD45RA recep-

tors. Information about antigens used in all assays is listed in S1 Table.

Statistical analyses

All enrolled participants contributed to the safety analysis. Participants with samples available

who met assay-specific quality control criteria were included in the immunogenicity analysis;

participants who had an HIV-1 positive test prior to the immunogenicity blood draw were

excluded. Enrollment into Part B was contingent on per-protocol receipt of all Part A

immunizations.

The sample size for the Part B groups provides sufficient precision to address the primary

objectives to characterize safety and immunogenicity. If none of the 60 participants boosted in

Part B (n = 60 total) experience a safety event, the 95% 2-sided upper confidence bound for the

true rate of such events in the total vaccinated population is 6.02%. Similarly, the sample size

allows the prevalence of positive immunogenicity responses in each boost group to be esti-

mated with reasonable precision, assuming 15% missing data (n = 26 each). For example, 50%

prevalence has 95%CI = (32.1, 67.9).

Immune responses were summarized by the proportion of participants with a positive

response to individual antigens at each time point, with boxplots showing the distributions of

the immune response magnitudes among positive responders at each time point.

Barnard’s tests were used to compare immune response rates and Wilcoxon rank-sum tests

to compare magnitudes among positive responders between the vaccine groups. Formal com-

parisons were not made for saturated binding antibody responses (i.e., median > 22,000 upper

limit of quantitation). Two-sided 95% CIs for positive response rates were calculated using the

Wilson (Miettinen-Nurminen) method [14].

All p-values are two-sided, with p-values less than 0.05 deemed statistically significant. For

each distinct hypothesis, the number of multiple tests was limited, and therefore multiplicity

adjustment was not done. SAS (version 9.4; SAS Institute, Cary, North Carolina) and R statisti-

cal software (version 4.0.4; R Foundation for Statistical Computing, Vienna, Austria) were

used for statistical analyses.

The HVTN 100 protocol is available online: https://atlas.scharp.org/cpas/project/HVTN%

20Public%20Data/HVTN%20100/begin.view.
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Results

Participant cohort

In total, 70 participants of the 74 eligible HVTN 100 Part A participants were enrolled into

HVTN 100 Part B: 32 eligible Part A vaccine recipients were randomized to Treatment (T)

group T1a (ALVAC + gp120/MF59), 31 eligible Part A vaccine recipients were randomized to

group T1b (gp120/MF59 alone) and 7 eligible Part A placebo recipients were assigned to Pla-

cebo (P) (Fig 1, S2 Table). Accrual into HVTN 100 Part B was from 13 September 2017 to 02

February 2018 and participants were followed for six months. The median age of participants

enrolled was 25 years. There were 43 (61.4%) participants assigned male sex at birth and 27

(38.6%) participants assigned female sex at birth (Table 2).

Safety results

Vaccinations were generally safe and well-tolerated with mostly mild to moderate local reacto-

genicity (S1 Fig). Among vaccine recipients, 6.4% (4/63) reported grade 2 erythema, 4.8%

(3/63) reported grade 2 induration and 3.2% (2/63) reported grade 3 induration (�10 cm

diameter). Induration was on the right arm where gp120/MF59 was administered. There were

no grade 4 local or systemic reactogenicities reported. Most systemic reactogenicity symptoms

were mild: amongst participants randomized to ALVAC + gp120/MF59, 6.3% (2/32) reported

moderate malaise and/or fatigue, 12.5% (4/32) myalgia, and 3.1% (1/32) arthralgia.

AEs were reported by 41.4% (29/70) of participants with 15 (48.4%) in participants ran-

domized to gp120/ MF59 only, 13 (40.6%) in participants randomized to ALVAC + gp120/

MF59 and 1 (14.3%) to a participant randomized to placebo and with no significant difference

in AE reporting between the vaccine and placebo groups: 44.4% (28/63) vs 14.3% (1/7),

p = 0.14. There were 4.8% (3/63) grade 3 elevated blood creatinine among both vaccine groups

with 3.1% (1/32) in the ALVAC +gp120/MF59 group and 6.5% (2/31) in the gp120/MF59

group. These serum creatinine values remained within the local lab reference range through-

out study, but, due to a particular feature of the adverse event grading table (increase from

baseline value 2 years prior), were categorized as grade 3 AEs. The participants had no clinical

evidence of adverse effects of the increase in creatinine and these AEs were assessed as not

related to study agents. Two of the AEs resolved and the third was reported as ongoing at end

of study. There were 17 (3 mild and 14 moderate) AEs due to infections and infestations, 9

(1 mild, 5 moderate and 3 severe) AEs due to abnormal investigation results, 4 mild renal and

Table 2. Participant demographics at enrollment.

T1a

(N = 32)

T1b

(N = 31)

Placebo

(N = 7)

Total

(N = 70)

Sex assigned at birth, n (%)

Male 20 (62.5%) 19 (61.3%) 4 (57.1%) 43 (61.4%)

Female 12 (37.5%) 12 (38.7%) 3 (42.9%) 27 (38.6%)

Race, n (%)

Black 31 (96.9%) 31 (100.0%) 7 (100.0%) 69 (98.6%)

White 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Color/Mixed 1 (3.1%) 0 (0.0%) 0 (0.0%) 1 (1.4%)

Age (years)

Median 25 23 24 25

Range 19–38 19–32 19–39 19–39

https://doi.org/10.1371/journal.pgph.0003319.t002
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urinary disorder AEs, 1 mild back pain and 1 moderate skin ulcer, all assessed as not related to

study product.

There were no serious AEs (SAEs), expedited AEs (EAEs), early terminations or discontin-

uations due to AEs, HIV acquisition, or cases of vaccine-induced seropositivity. Two pregnan-

cies were reported, both from the gp120/MF59 group, with no congenital anomalies or

adverse pregnancy outcomes reported.

Immunogenicity results

HIV-1 binding antibody responses. It has been previously reported that the vaccine-

induced binding IgG response rates and magnitudes were high at month 6.5 and month 12.5

(2 weeks after the fourth and fifth vaccinations, respectively) relative to placebo responses in

Part A. Here, we report the vaccine-induced binding antibody responses to the month 30

(sixth) vaccination in the two Part B boost groups.

In both the vaccine groups, positive binding IgG responses at month 30, month 30.5, and

month 36 were observed to all V1V2 antigens (n = 27), to all gp120 antigens (n = 11) and to all

gp140 antigens (n = 9) but were more common to gp120 antigens than to V1V2 antigens

(Figs 2 and S2). There were no statistically significant differences between the 2 vaccine boost

groups in binding IgG response rate or magnitude for any of the gp120, gp140 or V1V2 anti-

gens at any of the late timepoints tested (months 30, 30.5 and 36).

Response rates and magnitudes two weeks after the month 30 boosts were similar to those

seen at month 6.5 (Fig 2). There were low or no positive responses observed in the placebo

boost group.

The binding IgG response rate at month 30 to gp120 antigens ranged between 6.5%

(ZM96) to 98.4% (1086) for the two vaccine groups (S2 Fig). At month 30.5, positive binding

IgG responses were observed in all 10 of the gp120 antigens that were tested, and the response

rate ranged from 96.4% (ZM96) to 100% (all other antigens). At month 36, positive binding

IgG response was observed in all 11 gp120 antigens tested with response rates ranging from

80.3% (ZM96) to 100% (1086, TV1, B6240, BORI and MN gp120 gDneg/293F).

The vaccine-induced binding antibody responses to subtype C gp120 antigens were higher

for the 1086 and TV1 but lower for ZM96 for both vaccine groups with no significant differ-

ence between groups (S2 Fig). The binding IgG response rates to the month 30 booster vacci-

nation were higher and more sustained until month 36 for gp120 (1086, ZM96 and TV1) (S2

Fig) compared to the response rates for the V1V2 antigens (1086 V1V2, TV1 V1V2, ZM96

V1V2) (Fig 2).

We also examined responses to two V1V2 antigens identified as correlates of risk in HVTN

702 (in conjunction with CD4+ T-cell responses) and in RV144, A244 V1V2 and B.CaseA

V1V2, respectively. The IgG binding antibody responses to A244 V1V2 were similar at months

6.5 and 30.5 with waning by month 36 (S3A Fig), whereas responses to B.CaseA V1V2

appeared higher at month 30.5 than month 6.5 but also waned by month 36 (S3B Fig).

Boosting of V1V2 responses did not result in as much breadth compared to gp120 and

gp140 antigens. The month 30.5 magnitude-breadth IgG binding antibody responses to V1V2

antigens for the combined vaccine groups were considerably higher than the month 30

responses (median areas under the curve (AUCs) 2.55 vs. 0.13) but rapidly waned by month

36 (median AUC = 0.40) more strikingly than the gp120 or gp140 magnitude-breadth waning

(Fig 3A–3C).

The magnitude-breadth IgG bAb responses to gp120 antigens for the combined vaccine

groups were also higher at month 30.5 than month 30 (median AUCs 4.39 vs. 2.36), with wan-

ing by month 36 (median AUC = 3.47) (Fig 3D–3F). The month 30 vaccination also boosted
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the magnitude-breadth IgG bAb response to gp140 antigens at month 30.5 with a decline seen

at month 36. Median AUCs for the combined vaccine groups was 2.10, 4.39 and 3.54 for

months 30, 30.5 and 36, respectively (Fig 3G–3I).

Cellular immune responses. When comparing the two vaccine groups, recipients who

received ALVAC + gp120/MF59 showed similar rates and similar magnitudes of Env-specific

CD4+ T-cell responses at months 30.5 and 36, compared to recipients who received only

Fig 2. IgG binding antibody responses to the V1V2 vaccine strain antigens: 1086 (A), TV1 (B) and ZM 96 (C). Response rates and magnitudes of IgG binding

antibodies to the V1V2 vaccine strain antigens: 1086 (A), TV1 (B) and ZM96 (C) among per-protocol vaccine recipients of HVTN 100 Part B. Boxplots show

magnitude as mean fluorescent intensity (MFI) responses to individual V1V2 antigens and are based on positive responders, shown as solid circles, negative

responders are shown as grey triangles. The box represents the interquartile range and distribution of data with the horizontal line in the box representing the

median. The top and bottom whisker represents the maximum and minimum value that is not an outlier respectively.

https://doi.org/10.1371/journal.pgph.0003319.g002

PLOS GLOBAL PUBLIC HEALTH A 30-month booster in an HIV vaccine trial in South Africa

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0003319 September 20, 2024 9 / 16

https://doi.org/10.1371/journal.pgph.0003319.g002
https://doi.org/10.1371/journal.pgph.0003319


gp120/MF59. However, there was one statistically significant difference in response magni-

tudes: higher Gag-specific IFN-γ and/or IL-2 CD4+ T-cell responses in the ALVAC + gp120/

MF59 group compared to gp120/MF59 at month 30.5 (p = 0.0217). At the month 30.5 time-

point, positive responses for CD4+ T-cell responses to the LAI Gag and CD8+ T-cell response

rates to the vaccine-matched HIV peptide pools were low, observed in 4 or fewer participants

(S4 and S5 Figs).

The CD4+ T-cell response rates to gp120 peptides were highest 2 weeks after vaccination

(month 30.5), with significant expansion from month 30 to month 30.5 and subsequent con-

traction to month 36 observed after boosting and returned to similar response levels seen at

month 12.5 (Fig 4).

ADCC responses. Positive ADCC luciferase responses were observed in the combined

vaccine group at month 30.5 and month 36 with higher responses generally seen in the gp120/

MF59 only group, with a significantly higher response rate seen at month 30.5 to TV1 (76.7%

vs. 46.4%, p = 0.019). However, no significant difference was seen at month 36 and higher

responses to TV1 seen at month 30.5 compared to earlier responses at month 12.5 (S6 Fig).

Fig 3. Magnitude-breadth of IgG binding antibody responses subtype C env V1V2 (A-C), gp120 (D-F) and gp140 (G-I) antigens among participants in the cohort

for Part B at the Month 30 vaccination timepoint (A,D,G), 2 weeks after the Month 30 vaccination (Month 30.5) (B,E,H) and at Month 36 (C,F,I). Panel size is 15

(A-C), 7 (D,F), 6 (E), and 8 (G-I). AUC = area under curve, T = treatment, P = placebo, MFI = mean fluorescence intensity. T1a = ALVAC + gp120/MF59;

T1b = gp120/MF49 alone.

https://doi.org/10.1371/journal.pgph.0003319.g003
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Fig 4. Summary of the response rates and magnitudes of CD4+ T cell responses. Boxplots show response magnitude in the percent expression of CD4+IFN-

gamma and/or IL-2 and/or CD40L T cell responses to Env 1086 (A), TV1 (B) and ZM96 (C) and are based on positive responders, shown as solid circles, and

negative responders are shown as grey triangles.

https://doi.org/10.1371/journal.pgph.0003319.g004
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Neutralizing antibody responses. Neutralizing antibody responses were seen to tier 1A

MW965.26 and TV1 over time, and were higher than responses seen at month 12.5, with no

significant differences between vaccine groups at month 30.5 and 36 (S7 Fig). No tier 2 neu-

tralizing responses were induced at any time.

Discussion

The results of the HVTN 100 Part B study show that the addition of a late vaccine booster,

even with an 18-month interval, showed an acceptable safety and reactogenicity profile, and

restored immune responses temporarily. Durability of immune responses remains a challenge,

with observed decay after 6 months. These findings may inform future HIV vaccination regi-

mens requiring frequent vaccinations. Antibody waning may have contributed to the decline

in protection seen 12 months post-vaccination in the RV144 trial. It is possible that establish-

ing a protective antibody level for HIV prevention may better inform the timing of booster

vaccination intervals. The additional adjuvanted booster response was disappointing. Contin-

ued homologous boosting seems ineffective in providing both antibody secreting cells and

plasma cells (memory B cells were not analyzed). These data point out the need for different

strategies to boost long term antibodies after vaccination.

The safety and tolerability of the month 30 boost was similar to earlier doses seen in the

study [6,7]. The RV144 trial showed that HIV-1 acquisition risk was reduced with higher levels

of total IgG and IgG3 binding antibodies to HIV Env and antibodies to scaffolded antigens,

including the V1V2 loop [9,12,13]. There was also substantial heterogeneity among partici-

pants in the durability of the V1V2 antibody responses [11]. The current study showed that

binding antibody responses to V1V2 may be restored by the addition of a late HIV vaccina-

tion, but maintaining these responses is a challenge. The extended vaccination regimen can

only induce and boost neutralizing antibody responses to tier 1A viruses in magnitude and

durability. These results are similar to RV305, a study where higher HIV-1 antigen-specific

V1V2 and gp120 binding antibody titers were seen, and higher tier 1 neutralizing antibodies

with booster vaccinations given between 6 to 8 years after the primary vaccination regimen

[3]. Induction of tier 2 neutralizing antibodies has been challenging and may require a differ-

ent vaccination strategy and improved antigen design. Neutralising antibodies were uncom-

mon in RV144 vaccinees, so these responses likely did not contribute significantly to the

modest HIV protection seen in the trial.

In the current study, the addition of ALVAC to the adjuvanted protein vaccine at month 30

did not enhance antibody responses compared to the group that received adjuvanted protein

alone. Both vaccine regimens administered in HVTN 100 Part B at month 30, ALVAC-HIV

+ gp120/MF59 and gp120/MF59 alone, showed an acceptable safety and reactogenicity profile

and induced HIV-specific antibody and cellular responses two weeks and 6 months after vacci-

nation. However, there was no statistically significant difference between the two groups

except for higher CD4+ Gag-specific cellular responses in the ALVAC-HIV + gp120/MF59

group, most likely attributed to the gag insert in the ALVAC-HIV component. The addition of

ALVAC to the adjuvanted protein vaccine at month 30 did not enhance neutralizing antibody

responses compared to the group that received adjuvanted protein alone.

This study does have some limitations. First, it included a small sample size (N = 70). Sec-

ond, this study had a lower dose (100 micrograms) of gp120 compared to what was used in the

RV144 study (300 micrograms) because it was thought that the change in the adjuvant from

Alum to MF59 compensated for the reduced dose of gp120 [15–17]. Third, we were not able to

assess ADCC and ADCP results compared to some of the earlier timepoints in HVTN 100

Part A due to changes in the assays used in HVTN 100 Part B.
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Although the HVTN 702 trial demonstrated that ALVAC + gp120/MF59 did not prevent

HIV acquisition, the results from our earlier study show that booster vaccines even after an

18-month vaccine-free interval are safe and can restore antibody and cellular responses. While

the goal of an effective preventative HIV vaccine is to have high efficacy and durability of

immune responses, it is encouraging that we are able to restore immune responses with

delayed boosting. This finding may have relevance to booster strategies for other HIV vaccines

and vaccines for other infectious diseases. The importance and effect of booster doses has been

shown with other vaccines for infectious diseases, including the influenza and SARS-COV-2

vaccines.

Supporting information

S1 Table. Antigens used for the HVTN 100 Part B BAMA assays and ICS.

(DOCX)

S2 Table. Part B enrollment characteristics by Part A treatment assignment.

(DOCX)

S1 Fig. Stacked bar charts of maximum local and systemic reactogenicity over Month 30

vaccination. Local (A) and systemic (B) reactogenicity events. P-values indicate differences

between any of the vaccine and placebo groups (T1a, T1b, P). P = placebo. T1a (ALVAC

+ gp120/MF59); T1b (gp120/MF59 alone). There were no Grade 4/complications/life-threat-

ening events.

(TIF)

S2 Fig. IgG binding antibody responses to gp120 antigens 1086, TV1 and ZM96. Y axis is

mean fluorescent intensity and x axis is treatment group distributed by study month. Month

30 is time of vaccination, month 30.5 is two weeks post-vaccination and month 36 is 6 months

post-vaccination. A: 1086 gp120; B: TVI gp120; C: ZM96 gp120. Red dots are T1a (ALVAC

+ gp120/MF59), turquoise dots are T1b (gp120/MF59 alone), and blue dots are T1a+T1b. Par-

ticipants without a response are gray triangles. The box represents the interquartile range and

distribution of data with the horizontal line in the box representing the median. The top and

bottom whisker represents the maximum and minimum value that is not an outlier respec-

tively.

(TIF)

S3 Fig. V1V2 BAMA responses 702 and RV144 V1V2 correlates. Y axis is mean fluorescent

intensity (MFI), and x axis is month post first vaccination. Each dot or triangle is one partici-

pant. Red dots are T1a (ALVAC + gp120/MF59), turquoise dots are T1b (gp120/MF59 alone),

and blue dots are T1a+T1b. Participants without a response are gray triangles. The

box represents the interquartile range and distribution of data with the horizontal line in the

box representing the median. The top and bottom whisker represents the maximum and mini-

mum value that is not an outlier respectively.

(TIF)

S4 Fig. CD4+ T-cell response rates and magnitudes to Gag by ICS. Y axis is percentage of

CD4+ T cells expressing IFN-γ or IL-2 or CD40L, and x axis is month post first vaccination.

Syringes denote timepoint of vaccination. Each dot or triangle is one participant. Red dots are

T1a (ALVAC + gp120/MF59), turquoise dots are T1b (gp120/MF59 alone), and blue dots are

T1a+T1b. Participants without a response are gray triangles. The box represents the interquar-

tile range and distribution of data with the horizontal line in the box representing the median.

The top and bottom whisker represents the maximum and minimum value that is not an
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outlier respectively.

(TIF)

S5 Fig. CD8+ T-cell response rates and magnitudes to any HIV. Y axis is percentage of CD8

+ T cells expressing IFN-γ or IL-2 or CD40L, and x axis is month post first vaccination. Each

dot or triangle is one participant. Red dots are T1a (ALVAC + gp120/MF59), turquoise dots

are T1b (gp120/MF59 alone), and blue dots are T1a+T1b. Participants without a response are

gray triangles. The box represents the interquartile range and distribution of data with the hor-

izontal line in the box representing the median. The top and bottom whisker represents the

maximum and minimum value that is not an outlier respectively. A) 1086C gp120, B) TV1

gp120, C) ZM96 gp120, D) LAI Gag.

(TIF)

S6 Fig. ADCC luciferase pAUC to vaccine matched antigens. Summary of response rates

and magnitudes of antibody-dependent cell-mediated cytotoxicity luciferase to 1086 (A), TV1

(B) and ZM96 (C). Boxplots show response magnitude in the partial area under curve base-

line-subtracted percentage loss activity to each antigen and are based on positive responders,

shown as solid circles, and negative responders are shown as grey triangles. The box represents

the interquartile range and distribution of data with the horizontal line in the box representing

the median. The top and bottom whisker represents the maximum and minimum value that is

not an outlier respectively.

(TIF)

S7 Fig. Summary of response rates and magnitudes to tier 1A MW965.26.C and TV1

among vaccine recipients of HVTN 100 Part B. Boxplots show response magnitude as the

ID50 neutralizing antibody titer and are based on positive responders, shown as solid circles,

negative responders are shown as grey triangles. The box represents the interquartile range

and distribution of data with the horizontal line in the box representing the median. The top

and bottom whisker represents the maximum and minimum value that is not an outlier

respectively.

(TIF)

S1 Text.
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