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ABSTRACT This report summarizes a consultation meeting convened by the Na-
tional Institute of Allergy and Infectious Diseases (NIAID), National Institutes of
Health (NIH), on 12 September 2017 to discuss the scientific rationale for selectively
testing relevant HIV vaccine candidates in early life that are designed to initiate im-
mune responses for lifelong protective immunity. The urgent need to develop inter-
ventions providing durable protective immunity to HIV before sexual debut coupled
with the practicality of infant vaccine schedules supports optimizing infant HIV vac-
cines as a high priority. The panelists discussed the unique opportunities and chal-
lenges of testing candidate HIV vaccines in the context of distinct early-life immu-
nity. Key developments providing rationale and grounds for cautious optimism
regarding evaluation of early-life HIV vaccines include recent studies of early-life im-
mune ontogeny, studies of HIV-infected infants demonstrating relatively rapid gener-
ation of broadly neutralizing antibodies (bNAbs), discovery of novel adjuvants active
in early life, and cutting-edge sample-sparing systems biology and immunologic as-
says promising deep insight into vaccine action in infants. Multidisciplinary efforts
toward the goal of an infant HIV vaccine are under way and should be nurtured and
amplified.

IMPORTANCE Young adults represent one of the highest-risk groups for new HIV in-
fections and the only group in which morbidity continues to increase. Therefore, an
HIV vaccine to prevent HIV acquisition in adolescence is a top priority. The introduc-
tion of any vaccine during adolescence is challenging. This meeting discussed the
opportunities and challenges of testing HIV vaccine candidates in the context of the
infant immune system given recent advances in our knowledge of immune ontog-
eny and adjuvant design and studies demonstrating that HIV-infected infants gener-
ate broadly neutralizing antibodies, a main target of HIV vaccines, more rapidly than
adults. Considering the global success of pediatric vaccines, the concept of an HIV
vaccine introduced in early life holds merit and warrants testing.
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EARLY-LIFE IMMUNIZATION AGAINST HIV

The implementation of pediatric vaccines against multiple infectious diseases, sup-
ported by the WHO Expanded Program on Immunization (EPI), markedly benefits

global health by significantly decreasing childhood mortality and morbidity (1, 2). Major
progress toward reducing pediatric AIDS has been achieved mainly by scaling up HIV
treatment and prevention programs in women, but as the number of children and
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youth becoming newly infected with HIV remains unacceptably high (3), especially in
young women who can become pregnant, efforts to expedite the discovery, manufac-
ture, and testing of pediatric vaccines for HIV need to be more strongly emphasized.
This goal is aligned with the UNAIDS Start Free-Stay Free-AIDS Free collaborative
framework that embraces a life cycle approach to achieve an AIDS-free generation with
a particular focus on children, adolescents, and young women (4).

A consultation committee, in conjunction with the NIH AIDS Vaccine Research
Subcommittee (AVRS) advisory panel meeting in September 2017, solicited suggestions
about the critical gaps in the current research agenda related to early-life vaccination
and the need to develop organized efforts, such as pediatric vaccine working groups,
to address the prioritized gap areas relevant to pediatric HIV vaccine research and
development.

The meeting was organized into three sessions. The first session was entitled
“Pediatric Immune Landscape: Immune Ontogeny and Responses to Vaccines” and was
moderated by Barton F. Haynes (Duke University School of Medicine, Durham, NC) and
Mary Marovich (National Institutes of Health, Bethesda, MD). The objective of this
session was to understand the distinct attributes of the infant immune system and how
to exploit these features to develop effective HIV vaccine strategies for eliciting optimal
immune responses in infants and, potentially, achieving lifelong immunity. Glenda Gray
(University of the Witwatersrand, South Africa) and Sharon Nachman (Stony Brook
University, Stony Brook, NY) comoderated the discussion “Pediatric HIV Vaccination—
Past Trials and Current Plans,” which aimed to highlight how prior vaccine trials in
infants may inform further and fine tune the deliverables for the ongoing and planned
infant HIV vaccine clinical trials. This session naturally led to the final round of talks,
“Pediatric HIV Vaccines—Clinical Candidates and Immunization Strategies,” which were
comoderated by John R. Mascola (National Institutes of Health, Bethesda, MD) and Jean
Patterson (National Institutes of Health, Bethesda, MD). The focus of the session was to
review promising HIV immunogen platforms that could be tested in infants for elici-
tation of protective immunity and to discuss how initiating HIV vaccination in infancy
may allow long-term maturation of vaccine-elicited immune responses over time,
which could then be boosted in adolescence for achieving highly mature and broad
immunity. The interactive atmosphere led to frequent cross-references of the questions
addressed by the various speakers in the different sessions, with the key points being
presented here.

PEDIATRIC IMMUNE LANDSCAPE: IMMUNE ONTOGENY AND RESPONSES TO
VACCINES

John E. Sleasman (Duke University School of Medicine, Durham, NC) opened this
session with a review of normal B cell and antibody development in healthy, HIV-
unexposed human infants. He emphasized that early life is a highly unique and rapidly
changing immunological landscape that may provide particular advantages on the
cellular level for the induction of protective HIV immune responses following vaccina-
tion. Specifically, Dr. Sleasman pointed out that the high germinal center B cell activity
and lower frequency of B10 regulatory cells in early life may provide an ideal oppor-
tunity to enhance infant B cell priming following HIV vaccination. This was consistent
with findings by Dr. Haynes in infant nonhuman primates (NHPs), where expression
profiles of marginal zone B cells revealed a high level of activation at baseline. Dr.
Haynes noted that marginal zone B cells in NHPs are enriched with autoreactive/
polyreactive cells, raising the possibility that self-reactive B cells may be required to
develop broadly neutralizing antibodies (bNAbs). In addition, or alternatively, Dr.
Sleasman stated that the relatively high levels of somatic hypermutation (SHM)-
negative sequences in IgA and IgG classes in the first year of life, coupled with the
continued terminal transferase activity after birth, are key to Ig heavy-chain repertoire
plasticity and could support the selection of bNAbs.

Dr. Haynes further presented a comparison of HIV Env responses to vaccination of
infant and adult rhesus macaques to (i) a DNA prime/recombinant adenovirus 5 (rAd5)
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trivalent A, B, C gp140CF boost regimen, the NIH Vaccine Research Center (VRC) vaccine
used in the HVTN505 efficacy trial, and (ii) immunization with CH505 SOSIPs, HIV
envelope trimers stabilized by disulfide bonds (SOS) between gp120 and gp41 and an
additional mutation of isoleucine to proline (IP) at position 559. The researchers found
no evidence of reduced immunogenicity following early-life HIV-specific immunization;
tier 1 NAbs were of similar magnitudes in infant and adult rhesus macaques. However,
the immunization protocols did not induce bNAbs, precluding any conclusions about
the effect of age on bNAb induction by HIV vaccination in NHPs.

These preclinical vaccinology data were contrasted by findings presented by Maxi-
milian Muenchhoff (University of Oxford, Oxford, United Kingdom) in human HIV-
infected pediatric nonprogressors, defined as vertically infected children who remain
clinically asymptomatic and maintain normal CD4 peripheral blood cell counts despite
persistently high viremia. These infants have both HIV-specific T and B cell responses
that increase with age (5). Interestingly, the HIV-infected pediatric nonprogressors also
develop potent bNAb responses that are associated with T follicular helper cell phe-
notype and function (5). Similarly, Julie Overbaugh (Fred Hutchinson Cancer Research
Center, Seattle, WA) and colleagues detected bNAbs in vertically infected infants (6, 7).
In contrast to HIV-infected adults who generally present with a specific and dominant
bNAb response, HIV-infected infants exhibited polyclonal bNAb responses and/or had
bNAbs directed to novel epitopes (6, 7). Dr. Overbaugh emphasized that persistence of
high viral loads, as observed in her studies and those of Dr. Muenchhoff, likely are
required for the selection and maturation of bNAbs, an aspect that is not readily
recapitulated by vaccination. Dr. Overbaugh further stressed that HIV infection in
infants, intrapartum or via breastfeeding, occurs despite passively acquired HIV-specific
antibodies from the mother and that maternal antibodies can impact the de novo
formation of infant antibody responses. Of note, monoclonal bNAbs from HIV-infected
infants have relatively low SHM, and although they can bind and effectively neutralize
autologous virus, they do not neutralize the transmitted virus from the mother. These
results may be highly relevant as it is these neutralization escape variants that are
transmitted from mother to infant.

Overall, the data reviewed clearly indicate that bNAbs against HIV can be
generated in early life (5–7); successful induction of bNAbs may relate not only to
the distinct immune landscape of early life but also to factors external to the infant,
such as persistence of high antigen load, as well as immune modulation via
maternal antibodies.

In the final part of this session, Arnaud Marchant (Universite Libre de Bruxelles,
Brussels, Belgium) discussed findings relevant to immune response to vaccines in
HIV-exposed, uninfected (HEU) infants. The immune landscape of HEU infants is in fact
very different from that of HIV-unexposed and -uninfected (HUU) infants. Therefore, HIV
vaccine trials in HUU infants may find distinct mechanisms at play compared to those
in the HEU infant. While these distinct infant populations could be considered an
obstacle to early-life vaccination, Tobias Kollmann (University of British Columbia,
Vancouver, Canada) argued that it is precisely the differences in immune response to
vaccination between groups and individuals that will allow identification of mecha-
nisms resulting in protective immunity. Dr. Kollmann then presented a protocol for the
processing of small volumes (�1 ml) of infant blood samples for multi-omic assays,
thereby enabling study of systems vaccinology in early life (8). This “small sample, big
data” protocol was developed in collaboration with Ofer Levy (Precision Vaccines
Program, Boston Children’s Hospital, Boston, MA), who summarized current knowledge
regarding age-specific vaccine adjuvant activity in early life. Dr. Levy emphasized that
the activity of adjuvants varies with age and that such differences can be accurately
modeled using human in vitro assay systems (9), identifying, for example, TLR7/8 and
STING agonists that induce a balanced Th1/Th2 cytokine profile in early life in vivo (10,
11). Such age-specific adjuvantation strategies may enhance immunogenicity of early-
life HIV vaccines. Georgia D. Tomaras (Duke University School of Medicine, Durham, NC)
complemented these statements and built upon the theme of sample-sparing assays,
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describing those that enable analysis of antibody responses. Several of these ap-
proaches, including linear epitope array mapping and binding antibody multiplex
assays, have already been successfully used in pediatric studies (12–14).

PEDIATRIC HIV VACCINATION—PAST TRIALS AND CURRENT PLANS

Elizabeth J. McFarland (Children’s Hospital Colorado, Aurora, CO) reviewed previous
pediatric HIV vaccine trials, that, although few in number, have demonstrated the
feasibility of inducing HIV-specific immune responses in early infancy by vaccination.
The PACTG 230 trial compared two HIV envelope vaccines, the VaxGen recombinant (r)
gp120 MN with aluminum hydroxide as adjuvant and the rgp120-SF2 developed by
Chiron and adjuvanted with MF59 in newborns of HIV-infected mothers. Despite the
limited numbers of participants in each study arm, the trial aimed to be comprehensive
in evaluating key vaccine parameters, including different vaccine doses and immuni-
zation intervals. Important for a pediatric vaccine to prevent breast milk transmission of
HIV, superior gp120-specific antibody responses were induced by lower doses of gp120,
by an accelerated interval (weeks 0, 2, and 8), and by incorporating MF59 instead of
alum as adjuvant (15–17). This study was followed by the PACTG 236 trial that
evaluated the safety and immunogenicity of recombinant canarypox virus (ALVAC)-HIV
vaccines in an effort to enhance cytotoxic T cell and antibody responses in infants born
to HIV-infected women. While the ALVACvCP205 vaccine induced cytotoxic T lympho-
cyte (CTL) responses in about 50% of infants, antibody responses induced by active
immunization could not be accurately measured due to the presence of maternal
antibodies. In contrast, an ALVACvCP1452 prime/rgp120 protein (alum adjuvant) boost
regimen induced persistent antibody responses in infants (18, 19). Thus, these early
pediatric HIV vaccine trials clearly demonstrated that HIV vaccines can induce Env-
specific antibody responses in infants, including HEU infants, and that these responses
are not inhibited by maternal antibodies. Importantly, a retrospective analysis of plasma
samples from the PACTG 230 trial demonstrated that antibody responses persisted for
close to 2 years, unlike in adults, and the frequencies of V1V2 responses at peak were
similar to or even exceeded those observed in adults receiving a similar rgp120 vaccine
in the RV144 HIV vaccine trial in adults (20–22).

Dr. McFarland reminded the forum that despite these encouraging vaccinology
results, pediatric HIV prevention strategies are focused predominantly on early inter-
vention and passive prevention methods, strategies that are equally important but
address distinct infection scenarios and do not obviate a pediatric HIV vaccine. Cur-
rently, two important studies are ongoing. The case of the Mississippi baby (23, 24)
instilled the hope that very early antiretroviral therapy (ART) initiation in infants
diagnosed at birth can significantly limit the establishment of a viral reservoir, poten-
tially resulting in remission, or at a minimum, open the door for successful future
functional cure strategies in the pediatric population. To test this exciting idea, the
IMPAACT trial P1115 (NCT02140255) began in 2014 and includes sites in the United
States, sub-Saharan Africa, Southeast Asia, and South America. Second, to address the
problem of breast milk transmission of HIV, which now accounts for the majority of new
pediatric HIV infections, the IMPAACT P1112 trial (NCT02256631) started in the summer
of 2017. The goal of this study is to test the safety and pharmacokinetics (PK) of the
bNAb VRC01 (25–28) in newborns. Importantly, the P1112 trial will also include the
evaluation of the long-lasting version of VRC01LS (29). If the treatment is proven safe
and has acceptable PK parameters, it is possible that in the foreseeable future, HIV-
exposed infants could receive passive immunizations with cocktails of bNAbs at just a
few time points throughout their breastfeeding period. However, significant obstacles
remain to achieve this goal, including a scientifically sound rationale as to which
antibodies should be included in this passive immunization strategy to achieve the
breadth of coverage needed to prevent HIV transmission by breast milk in infants
worldwide.

Kristina De Paris (University of North Carolina, Chapel Hill, NC) emphasized that the
potential of passive immunization strategies in preventing breast milk transmission was
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documented almost 20 years ago in NHP studies. The transfer of plasma from simian
immunodeficiency virus (SIV)-infected rhesus macaques to newborns was protective
against high-dose oral SIV challenge in infant macaques (30), and several studies since
then have confirmed that antibodies present at the time of infection can prevent oral
SIV acquisition (31, 32). Referring back to the IMPAACT P1112 trial, Dr. De Paris
highlighted the studies by Hessell et al. from the Haigwood group in which they could
demonstrate that passive administration of VRC01 to infant rhesus macaques can
protect against oral SHIV acquisition (33), providing proof of concept for the IMPAACT
P1112 trial in human infants.

Dr. De Paris further asserted that these promising prevention tools in the fight
against pediatric HIV infection should not diminish our quest for developing an HIV
vaccine for long-term protection. She described challenges and opportunities for
early-life HIV-1 vaccines based on lessons from pediatric simian or simian-human
immunodeficiency virus (SIV/SHIV) infection models and introduced the concept of
early-life vaccination to protect against HIV infection in adolescence (34). Young adults
aged 15 to 24 represent a high risk for HIV-1 infection and are the only population in
which HIV infection continues to rise (3). Women account for two-thirds of these young
adults, thereby directly linking the epidemics in young adults and pediatric HIV
infections. Despite successful implementation of HIV prevention and treatment strat-
egies worldwide, young adults have some of the lowest rates for HIV testing and
adherence to antiretroviral therapy when HIV positive. To protect these young women,
a vaccine would likely be required to have induced protective immunity prior to sexual
debut. Yet, while pediatric vaccine coverage has steadily increased, in most low-income
countries, no national vaccine programs exist for adolescents (35, 36). Dr. De Paris
noted that, similarly to the PACTG 236 trial that had demonstrated the immunogenicity
of an ALVAC-HIV vaccine combined with Env protein in human infants, poxvirus-based
(MVA or ALVAC) SIV vaccines in infant macaques were immunogenic and modestly
protective against repeated oral SIV challenges in a breastfeeding model (37). Impor-
tantly, infant macaques protected against oral SIV challenge by MVA-SIV or ALVAC-SIV
vaccination as neonates were protected against rechallenge with SIV at juvenile age
(37), directly supporting the concept of early-life HIV vaccination.

Discussing the distinct infant immune system, Dr. De Paris pointed out that our
knowledge of immune ontogeny is steadily increasing, informing efforts to enhance
vaccine immunogenicity in early life. In particular, adjuvants may be a key approach to
enhance infant responses to HIV vaccines. Although the superiority of MF59 over alum
in inducing durable Env-specific antibody responses in infants was documented in the
early PACTG 236 trial, alum remains the most common adjuvant in pediatric vaccines.
MF59 has only recently been approved for use in human adult vaccines. Dr. De Paris
highlighted a study by the Precision Vaccines Laboratory, directed by Dr. Levy, in which
neonatal macaques were immunized with the alum-adjuvanted pneumococcal vaccine
(PCV), which is poorly immunogenic in human infants, without or with the lipidated
TLR7/8 agonist 3M-052 as an additional adjuvant. Neonatal macaques receiving the PCV
with 3M-052 developed antibody responses markedly earlier and at a substantially
higher magnitude than infants receiving alum-adjuvanted vaccine (10). Consistent with
these data, Dr. De Paris and Sallie Permar (Duke University School of Medicine, Durham,
NC) recently demonstrated that, when added to HIV Env protein, 3M-052 in stable
emulsion induced greater quantity and quality of antibody responses in infant ma-
caques compared with alum or TLR4 agonist (14). These findings highlight the impor-
tance of studies testing different adjuvants in infants for their safety and efficacy in
enhancing pediatric immune responses. Key for the HIV vaccine field will be to define
which immune responses can provide protection and whether it is possible to elicit
bNAbs by vaccination. Recent studies have documented that HIV-infected infants,
despite more limited somatic hypermutation, develop bNAbs more rapidly than adults
(6, 7, 38). These observations lend further impetus to studying HIV immunization in
infancy to allow the development of these bNAbs and boost response prior to adoles-
cence and sexual debut. Neonatal HIV immunization is attractive as birth is the most
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reliable health care contact in resource-poor countries where most HIV infections occur,
and the expanded program on immunization (EPI) schedule could be amended to
incorporate infant HIV immunizations. The progress of vaccine strategies to elicit bNAbs
to HIV was the focus of the last session.

PEDIATRIC HIV VACCINES—CLINICAL CANDIDATES AND IMMUNIZATION
STRATEGIES

Dr. Haynes summarized the current portfolio of vaccine candidates and platforms
and how these have evolved since the initiation of HIV vaccine studies over 30 years
ago. A number of distinct concepts have been evaluated in clinical trials (39, 40). The
failure of multiple HIV vaccine platforms to elicit highly protective immunity or broadly
neutralizing antibody responses in human adults underscored the need for novel
approaches that would elicit fundamentally different immunity than earlier vaccine
approaches. One approach to improving the quality of the HIV vaccine responses has
been the presentation of native-like envelope trimer immunogens to the immune
system, which has been attempted using gp140 subunit immunogens (41), fold-on
trimers (42), native flexible linked (NFL) trimers (43), DNA vaccines encoding polyvalent
gp120s (44), and mRNA vaccine approaches (45–47). John P. Moore (Weill Cornell
Medical College, New York, NY) shared the status of SOSIP trimer immunogens that
stand out as both engaging multiple bNAbs, eliciting vaccine strain-specific neutral-
ization, and having overcome manufacturing challenges to yield clinical-trial-ready
product (48–51). Though the native-like immunogens are certainly an advance for HIV
vaccine development, animal studies indicate that limited presentation of the correctly
folded native-like immunogen to a mature adult immune system is unlikely to yield
broad and protective HIV-specific immunity that will be required for a highly effective
vaccine.

The B cell lineage design approach to HIV vaccine development emerged as a
reverse vaccinology strategy guided by isolation of a collection of broadly neutralizing
monoclonal antibodies from a subset of HIV-infected individuals who developed broad
neutralizing responses. The preclinical HIV vaccine pipeline has further diversified to
include candidate vaccines designed to specifically engage germ line immunoglobulin
variable genes identified to develop into bNAb lineages in a subset of HIV-infected
individuals. The next-generation HIV vaccine candidates include full-length single chain
(52), engineered outer domain gp120 CD4 binding site (eOD-GT8 CD4bs) immunogen
(53), 426c deglycosylated heptamer (54), variable loop 3 (V3) glycopeptides (55), Env
fusion peptide (56), and membrane-proximal external region liposomes (57). In addi-
tion, a suite of gp120 immunogens, CH505 Env Sequences, isolated from an HIV-
infected patient who developed bNAb responses at critical branches in the HIV-specific
B cell lineage development, have been developed as potential immunogens to guide
B cell induction and evolution down the same pathway that successfully resulted in
bNAb responses during infection (58). These sequential gp120 immunogens are cur-
rently being assessed for safety and immunogenicity in adults (HVTN115), specifically
looking for whether unmutated common ancestors of CD4 binding site-specific bNAb
variable gene lineages can be induced by these low-affinity gp120 ligands. Finally,
combining the native-like immunogen and germ line-targeting approaches, SOSIP
trimers are currently being designed to bind to unmutated ancestors of bNAb immu-
noglobulin genes (59).

Due to the limited diversity of the B cell repertoire in infants and the long window
of time that pediatric immunization offers prior to sexual debut and risk of horizontal
HIV acquisition, early-life immunization with these types of B-cell-lineage-targeting HIV
vaccines could be more fruitful than immunizing in adulthood (34). As infected indi-
viduals typically do not develop bNAb activity in plasma until years into their infection,
immunization strategies to achieve broad and potent antibodies may also require years
of time and multiple immunogen exposures. Moreover, infants demonstrate distinct B
cell tolerance regulation compared to adults (60–62), which could be beneficial to the
strategy of engaging and positively selecting B cells expressing specific germ line
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immunoglobulin gene sequences. Thus, testing the next generation of candidate HIV
vaccines in infants may be critical to exploring their full potential.

Dr. Permar discussed the importance of maternal antibodies in the protection of
infants against mother-to-child transmission (MTCT) and their possible role in infant HIV
vaccination. In the absence of intervention, �60% of HIV-exposed infants will be
protected against HIV acquisition, suggesting the presence of naturally protective
factors. As maternal antibody is transferred to infants via the placenta during the latter
half of pregnancy, one possibility for natural protection is partial protection from
preexisting passive humoral immunity. Yet, the impact of maternal antibody responses
on MTCT in HIV-exposed infants has been controversial, with studies of various cohorts
demonstrating apparently conflicting evidence of maternal humoral immune responses
being associated with either a protective effect (63, 64) or a lack of protective effect (65)
on autologous infant virus acquisition. One recent study in an untreated, U.S.-based
cohort associated reduced risk of perinatal transmission with the presence of maternal
V3 and CD4 binding site (CD4bs)-specific weakly neutralizing IgG levels (66). Interest-
ingly, these maternal weakly neutralizing antibodies against the V3 and CD4bs dem-
onstrated activity against autologous maternal viruses, suggesting that enhancing
these maternal responses, achievable with current HIV vaccine candidates, could be a
strategy to further reduce MTCT. As discussed earlier by Dr. Overbaugh, infant trans-
mitted variants are more resistant to paired maternal plasma neutralization than
nontransmitted maternal variants, suggesting that weak neutralization of cocirculating
viruses is a potential mechanism for their protective effects. Manish Sagar (Boston
University School of Medicine, Boston, MA) emphasized that some strategies to en-
hance maternal NAb responses may be associated with higher risk of HIV transmission
to infants (67), which may be a result of selection pressure on transmitted variants.
Thus, the role of maternal antibodies in their ability to neutralize cocirculating viruses
and their role in selection of infant transmitted/founder virus strains remains to be
further examined to determine if strategies to enhance maternal virus-specific antibod-
ies during pregnancy would be safe and effective.

A second important question for infant vaccination is the impact of preexisting
maternal or passively administered antibodies on active vaccine immunogenicity.
Active immunization of HIV-exposed infants to further reduce the risk of postnatal
infection would be performed in the setting of placentally transferred maternal anti-
body. Of note, early studies of gp120 subunit immunization of HIV-exposed newborns
indicated that infants develop robust antibody responses in the setting of preexisting
maternal antibodies. Moreover, maternal antibody levels present at birth in the infant
did not predict the specificity or magnitude of the infant’s active vaccine response (20).
Panelist Ann Hessell (Oregon Health and Science University, Portland, OR) discussed the
impact of passive immunization with bNAbs as a viable short-term protection strategy
for frequent exposure to HIV-1 via breastfeeding. By analogy, a combination of passive
and active HIV immunization in infancy, mimicking the highly successful perinatal
hepatitis B immunization strategy, may be effective. Interestingly, the presence of
preexisting neutralizing antibodies has improved the neutralization response to HIV-1
infection in both humans and NHPs (68, 69). Finally, the administration of a passive
bNAb at delivery may block neonatal infections when administered within 24 h (33),
suggesting that delivery of bNAbs in the delivery room may abort infections that were
initiated from exposure during delivery. Thus, the combined passive and active peri-
natal HIV vaccine approach could achieve both protection for the infant against
perinatal and postpartum infection and enhanced long-term immunity. The early HIV
vaccine studies in the PACTG 230 and 236 trials and a recent study in infant rhesus
macaques support the feasibility of active infant immunization in the presence of
passively acquired HIV-specific antibodies. Nevertheless, further studies are needed to
thoroughly define the impact of preexisting maternal or passively infused antibodies on
the active response to the HIV vaccination.
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SUMMARY

The consultation provided an opportunity for experts in HIV vaccines and infant
immunity to address the scientific rationale for development and testing of early-life
HIV vaccines. The panel emphasized that despite the overwhelming success of pre-
venting mother-to-child transmission of HIV, infants are still vulnerable to the virus,
especially during the breastfeeding period. A strong precedent for prevention of
infections by early-life immunization and passive/active infant immunization regimens,
such as the hepatitis B vaccine, encourages the field to explore if new and more
effective HIV vaccine strategies for this age group to elicit optimal immune responses
for durable immunity are feasible. Dynamic early-life immune ontogeny as well as prior
infant vaccine trials suggests that this concept may have merit to test candidate HIV
vaccines designed to induce broad and durable protection ahead of sexual debut.

KEY POINTS AND QUESTIONS

- Prior infant vaccine studies support the concept that the pediatric population
offers unique opportunities to test candidate HIV vaccines and inform objectives
and deliverables of future infant HIV vaccine clinical immunogenicity trials.

- What will the scientific criteria be for selection and testing of candidate HIV
vaccine immunogens in infants?

- What are the challenges of conducting HIV vaccination trials in pediatric popula-
tion, and how can the clinical developmental plan for infant HIV vaccines be
pursued in parallel with that in adults?

- What are the unique opportunities for augmenting immunity in infants? How will
the distinct early-life immune system, including age-specific adjuvant-immunogen
synergy, passively acquired maternal antibodies, and developing gut microbiota,
shape responses to pediatric HIV vaccines?

- Does the current panel of assays, technologies, tools, and models accurately
profile immune responses to HIV vaccines in infants to inform rational design of
infant HIV vaccine candidates?

- What is the impact of the distinct immune system and passively acquired maternal
anti-HIV antibodies of HIV-exposed uninfected infants on early-life vaccine
immunogenicity?

REFERENCES
1. Greenwood B. 2014. The contribution of vaccination to global health:

past, present and future. Philos Trans R Soc Lond B Biol Sci 369:
20130433. https://doi.org/10.1098/rstb.2013.0433.

2. Orenstein WA, Ahmed R. 2017. Simply put: vaccination saves lives.
Proc Natl Acad Sci U S A 114:4031– 4033. https://doi.org/10.1073/
pnas.1704507114.

3. UNAIDS. 2018. Global HIV & AIDS statistics—2018 fact sheet. UNAIDS,
Geneva, Switzerland. https://www.unaids.org/en/resources/fact-sheet.
Accessed 5 November 2018.

4. UNAIDS. 2016. Start free. Stay free. AIDS free. UNAIDS, Geneva, Switzer-
land. https://www.unaids.org/sites/default/files/media_asset/JC2869_Be
%20Free%20Booklet_A4.pdf. Accessed 7 April 2019.

5. Muenchhoff M, Adland E, Karimanzira O, Crowther C, Pace M, Csala A,
Leitman E, Moonsamy A, McGregor C, Hurst J, Groll A, Mori M, Sinmyee
S, Thobakgale C, Tudor-Williams G, Prendergast AJ, Kloverpris H, Roider
J, Leslie A, Shingadia D, Brits T, Daniels S, Frater J, Willberg CB, Walker BD,
Ndung’u T, Jooste P, Moore PL, Morris L, Goulder P. 2016. Nonprogress-
ing HIV-infected children share fundamental immunological features of
nonpathogenic SIV infection. Sci Transl Med 8:358ra125. https://doi.org/
10.1126/scitranslmed.aag1048.

6. Simonich CA, Williams KL, Verkerke HP, Williams JA, Nduati R, Lee KK,
Overbaugh J. 2016. HIV-1 neutralizing antibodies with limited hypermu-
tation from an infant. Cell 166:77– 87. https://doi.org/10.1016/j.cell.2016
.05.055.

7. Goo L, Chohan V, Nduati R, Overbaugh J. 2014. Early development of

broadly neutralizing antibodies in HIV-1-infected infants. Nat Med 20:
655– 658. https://doi.org/10.1038/nm.3565.

8. Lee AH, Shannon CP, Amenyogbe N, Bennike TB, Diray-Arce J, Idoko OT,
Gill EE, Ben-Othman R, Pomat WS, van Haren SD, Cao KL, Cox M, Darboe
A, Falsafi R, Ferrari D, Harbeson DJ, He D, Bing C, Hinshaw SJ, Ndure J,
Njie-Jobe J, Pettengill MA, Richmond PC, Ford R, Saleu G, Masiria G,
Matlam JP, Kirarock W, Roberts E, Malek M, Sanchez-Schmitz G, Singh A,
Angelidou A, Smolen KK, EPIC Consortium, Brinkman RR, Ozonoff A,
Hancock REW, van den Biggelaar AHJ, Steen H, Tebbutt SJ, Kampmann
B, Levy O, Kollmann TR. 2019. Dynamic molecular changes during the
first week of human life follow a robust developmental trajectory. Nat
Commun 10:1092. https://doi.org/10.1038/s41467-019-08794-x.

9. Sanchez-Schmitz G, Stevens CR, Bettencourt IA, Flynn PJ, Schmitz-Abe K,
Metser G, Hamm D, Jensen KJ, Benn C, Levy O. 2018. Microphysiologic
human tissue constructs reproduce autologous age-specific BCG and
HBV primary immunization in vitro. Front Immunol 9:2634. https://doi
.org/10.3389/fimmu.2018.02634.

10. Dowling DJ, van Haren SD, Scheid A, Bergelson I, Kim D, Mancuso CJ,
Foppen W, Ozonoff A, Fresh L, Theriot TB, Lackner AA, Fichorova RN,
Smirnov D, Vasilakos JP, Beaurline JM, Tomai MA, Midkiff CC, Alvarez X,
Blanchard JL, Gilbert MH, Aye PP, Levy O. 2017. TLR7/8 adjuvant over-
comes newborn hyporesponsiveness to pneumococcal conjugate vac-
cine at birth. JCI Insight 2:e91020. https://doi.org/10.1172/jci.insight
.91020.

11. Borriello F, Pietrasanta C, Lai JCY, Walsh LM, Sharma P, O’Driscoll DN,
Ramirez J, Brightman S, Pugni L, Mosca F, Burkhart DJ, Dowling DJ, Levy

Meeting Highlights

July/August 2019 Volume 4 Issue 4 e00320-19 msphere.asm.org 8

https://doi.org/10.1098/rstb.2013.0433
https://doi.org/10.1073/pnas.1704507114
https://doi.org/10.1073/pnas.1704507114
https://www.unaids.org/en/resources/fact-sheet
https://www.unaids.org/sites/default/files/media_asset/JC2869_Be%20Free%20Booklet_A4.pdf
https://www.unaids.org/sites/default/files/media_asset/JC2869_Be%20Free%20Booklet_A4.pdf
https://doi.org/10.1126/scitranslmed.aag1048
https://doi.org/10.1126/scitranslmed.aag1048
https://doi.org/10.1016/j.cell.2016.05.055
https://doi.org/10.1016/j.cell.2016.05.055
https://doi.org/10.1038/nm.3565
https://doi.org/10.1038/s41467-019-08794-x
https://doi.org/10.3389/fimmu.2018.02634
https://doi.org/10.3389/fimmu.2018.02634
https://doi.org/10.1172/jci.insight.91020
https://doi.org/10.1172/jci.insight.91020
https://msphere.asm.org


O. 2017. Identification and characterization of stimulator of interferon
genes as a robust adjuvant target for early life immunization. Front
Immunol 8:1772. https://doi.org/10.3389/fimmu.2017.01772.

12. Dennis M, Eudailey J, Pollara J, McMillan AS, Cronin KD, Saha PT, Curtis
AD, Hudgens MG, Fouda GG, Ferrari G, Alam M, Van Rompay KKA, De
Paris K, Permar S, Shen X. 2019. Co-administration of CH31 broadly
neutralizing antibody does not affect development of vaccine-induced
anti-HIV-1 envelope antibody responses in infant rhesus macaques. J
Virol 93:e01783-18. https://doi.org/10.1128/JVI.01783-18.

13. Phillips B, Fouda GG, Eudailey J, Pollara J, Curtis AD, II, Kunz E, Dennis M,
Shen X, Bay C, Hudgens M, Pickup D, Alam SM, Ardeshir A, Kozlowski PA,
Van Rompay KKA, Ferrari G, Moody MA, Permar S, De Paris K. 2017.
Impact of poxvirus vector priming, protein coadministration, and vac-
cine intervals on HIV gp120 vaccine-elicited antibody magnitude and
function in infant macaques. Clin Vaccine Immunol 24:e00231-17.
https://doi.org/10.1128/CVI.00231-17.

14. Phillips B, Van Rompay KKA, Rodriguez-Nieves J, Lorin C, Koutsoukos M,
Tomai M, Fox CB, Eudailey J, Dennis M, Alam SM, Hudgens M, Fouda G,
Pollara J, Moody A, Shen X, Ferrari G, Permar S, De Paris K. 2018.
Adjuvant-dependent enhancement of HIV Env-specific antibody re-
sponses in infant rhesus macaques. J Virol 92:e01051-18. https://doi.org/
10.1128/JVI.01051-18.

15. Cunningham CK, Wara DW, Kang M, Fenton T, Hawkins E, McNamara J,
Mofenson L, Duliege AM, Francis D, McFarland EJ, Borkowsky W, Pedi-
atric AIDS Clinical Trials Group 230 Collaborators. 2001. Safety of 2
recombinant human immunodeficiency virus type 1 (HIV-1) envelope
vaccines in neonates born to HIV-1-infected women. Clin Infect Dis
32:801– 807. https://doi.org/10.1086/319215.

16. McFarland EJ, Borkowsky W, Fenton T, Wara D, McNamara J, Samson P,
Kang M, Mofenson L, Cunningham C, Duliege AM, Sinangil F, Spector SA,
Jimenez E, Bryson Y, Burchett S, Frenkel LM, Yogev R, Gigliotti F, Luzur-
iaga K, Livingston RA, AIDS Clinical Trials Group 230 Collaborators. 2001.
Human immunodeficiency virus type 1 (HIV-1) gp120-specific antibodies
in neonates receiving an HIV-1 recombinant gp120 vaccine. J Infect Dis
184:1331–1335. https://doi.org/10.1086/323994.

17. Borkowsky W, Wara D, Fenton T, McNamara J, Kang M, Mofenson L,
McFarland E, Cunningham C, Duliege AM, Francis D, Bryson Y, Burchett
S, Spector SA, Frenkel LM, Starr S, Van Dyke R, Jimenez E. 2000. Lym-
phoproliferative responses to recombinant HIV-1 envelope antigens in
neonates and infants receiving gp120 vaccines. AIDS Clinical Trial Group
230 Collaborators. J Infect Dis 181:890 – 896. https://doi.org/10.1086/
315298.

18. Johnson DC, McFarland EJ, Muresan P, Fenton T, McNamara J, Read JS,
Hawkins E, Bouquin PL, Estep SG, Tomaras GD, Vincent CA, Rathore M,
Melvin AJ, Gurunathan S, Lambert J. 2005. Safety and immunogenicity of
an HIV-1 recombinant canarypox vaccine in newborns and infants of
HIV-1-infected women. J Infect Dis 192:2129 –2133. https://doi.org/10
.1086/498163.

19. McFarland EJ, Johnson DC, Muresan P, Fenton T, Tomaras GD, McNamara
J, Read JS, Douglas SD, Deville J, Gurwith M, Gurunathan S, Lambert JS.
2006. HIV-1 vaccine induced immune responses in newborns of HIV-1
infected mothers. AIDS 20:1481–1489. https://doi.org/10.1097/01.aids
.0000237363.33994.45.

20. Fouda GG, Cunningham CK, McFarland EJ, Borkowsky W, Muresan P,
Pollara J, Song LY, Liebl BE, Whitaker K, Shen X, Vandergrift NA, Overman
RG, Yates NL, Moody MA, Fry C, Kim JH, Michael NL, Robb M, Pitisut-
tithum P, Kaewkungwal J, Nitayaphan S, Rerks-Ngarm S, Liao HX, Haynes
BF, Montefiori DC, Ferrari G, Tomaras GD, Permar SR. 2015. Infant HIV
type 1 gp120 vaccination elicits robust and durable anti-V1V2 immu-
noglobulin G responses and only rare envelope-specific immuno-
globulin A responses. J Infect Dis 211:508 –517. https://doi.org/10
.1093/infdis/jiu444.

21. Rerks-Ngarm S, Paris RM, Chunsutthiwat S, Premsri N, Namwat C, Bo-
wonwatanuwong C, Li SS, Kaewkungkal J, Trichavaroj R, Churikanont N,
de Souza MS, Andrews C, Francis D, Adams E, Flores J, Gurunathan S,
Tartaglia J, O’Connell RJ, Eamsila C, Nitayaphan S, Ngauy V,
Thongcharoen P, Kunasol P, Michael NL, Robb ML, Gilbert PB, Kim JH.
2013. Extended evaluation of the virologic, immunologic, and clinical
course of volunteers who acquired HIV-1 infection in a phase III vaccine
trial of ALVAC-HIV and AIDSVAX B/E. J Infect Dis 207:1195–1205. https://
doi.org/10.1093/infdis/jis478.

22. Rerks-Ngarm S, Pitisuttithum P, Nitayaphan S, Kaewkungwal J, Chiu J,
Paris R, Premsri N, Namwat C, de Souza M, Adams E, Benenson M,
Gurunathan S, Tartaglia J, McNeil JG, Francis DP, Stablein D, Birx DL,

Chunsuttiwat S, Khamboonruang C, Thongcharoen P, Robb ML, Michael
NL, Kunasol P, Kim JH, Investigators M-T. 2009. Vaccination with ALVAC
and AIDSVAX to prevent HIV-1 infection in Thailand. N Engl J Med
361:2209 –2220. https://doi.org/10.1056/NEJMoa0908492.

23. Luzuriaga K, Gay H, Ziemniak C, Sanborn KB, Somasundaran M,
Rainwater-Lovett K, Mellors JW, Rosenbloom D, Persaud D. 2015. Viremic
relapse after HIV-1 remission in a perinatally infected child. N Engl J Med
372:786 –788. https://doi.org/10.1056/NEJMc1413931.

24. Persaud D, Gay H, Ziemniak C, Chen YH, Piatak M, Jr, Chun TW, Strain M,
Richman D, Luzuriaga K. 2013. Absence of detectable HIV-1 viremia after
treatment cessation in an infant. N Engl J Med 369:1828 –1835. https://
doi.org/10.1056/NEJMoa1302976.

25. Zhou T, Georgiev I, Wu X, Yang ZY, Dai K, Finzi A, Kwon YD, Scheid JF,
Shi W, Xu L, Yang Y, Zhu J, Nussenzweig MC, Sodroski J, Shapiro L, Nabel
GJ, Mascola JR, Kwong PD. 2010. Structural basis for broad and potent
neutralization of HIV-1 by antibody VRC01. Science 329:811– 817. https://
doi.org/10.1126/science.1192819.

26. Ledgerwood JE, Coates EE, Yamshchikov G, Saunders JG, Holman L,
Enama ME, DeZure A, Lynch RM, Gordon I, Plummer S, Hendel CS, Pegu
A, Conan-Cibotti M, Sitar S, Bailer RT, Narpala S, McDermott A, Louder M,
O’Dell S, Mohan S, Pandey JP, Schwartz RM, Hu Z, Koup RA, Capparelli E,
Mascola JR, Graham BS, VRC 602 Study Team. 2015. Safety, pharmaco-
kinetics and neutralization of the broadly neutralizing HIV-1 human
monoclonal antibody VRC01 in healthy adults. Clin Exp Immunol 182:
289 –301. https://doi.org/10.1111/cei.12692.

27. Li Y, O’Dell S, Walker LM, Wu X, Guenaga J, Feng Y, Schmidt SD, McKee
K, Louder MK, Ledgerwood JE, Graham BS, Haynes BF, Burton DR, Wyatt
RT, Mascola JR. 2011. Mechanism of neutralization by the broadly neu-
tralizing HIV-1 monoclonal antibody VRC01. J Virol 85:8954 – 8967.
https://doi.org/10.1128/JVI.00754-11.

28. Huang Y, Zhang L, Ledgerwood J, Grunenberg N, Bailer R, Isaacs A,
Seaton K, Mayer KH, Capparelli E, Corey L, Gilbert PB. 2017. Population
pharmacokinetics analysis of VRC01, an HIV-1 broadly neutralizing
monoclonal antibody, in healthy adults. MAbs 9:792– 800. https://doi
.org/10.1080/19420862.2017.1311435.

29. Gaudinski MR, Coates EE, Houser KV, Chen GL, Yamshchikov G, Saunders
JG, Holman LA, Gordon I, Plummer S, Hendel CS, Conan-Cibotti M,
Lorenzo MG, Sitar S, Carlton K, Laurencot C, Bailer RT, Narpala S, -
McDermott AB, Namboodiri AM, Pandey JP, Schwartz RM, Hu Z, Koup
RA, Capparelli E, Graham BS, Mascola JR, Ledgerwood JE, VRC 606 Study
Team. 2018. Safety and pharmacokinetics of the Fc-modified HIV-1
human monoclonal antibody VRC01LS: a phase 1 open-label clinical trial
in healthy adults. PLoS Med 15:e1002493. https://doi.org/10.1371/
journal.pmed.1002493.

30. Van Rompay KK, Berardi CJ, Dillard-Telm S, Tarara RP, Canfield DR,
Valverde CR, Montefiori DC, Cole KS, Montelaro RC, Miller CJ, Marthas
ML. 1998. Passive immunization of newborn rhesus macaques prevents
oral simian immunodeficiency virus infection. J Infect Dis 177:
1247–1259. https://doi.org/10.1086/515270.

31. Haigwood NL, Montefiori DC, Sutton WF, McClure J, Watson AJ, Voss G,
Hirsch VM, Richardson BA, Letvin NL, Hu SL, Johnson PR. 2004. Passive
immunotherapy in simian immunodeficiency virus-infected macaques
accelerates the development of neutralizing antibodies. J Virol 78:
5983–5995. https://doi.org/10.1128/JVI.78.11.5983-5995.2004.

32. Haigwood NL, Watson A, Sutton WF, McClure J, Lewis A, Ranchalis J,
Travis B, Voss G, Letvin NL, Hu SL, Hirsch VM, Johnson PR. 1996. Passive
immune globulin therapy in the SIV/macaque model: early intervention
can alter disease profile. Immunol Lett 51:107–114. https://doi.org/10
.1016/0165-2478(96)02563-1.

33. Hessell AJ, Jaworski JP, Epson E, Matsuda K, Pandey S, Kahl C, Reed J,
Sutton WF, Hammond KB, Cheever TA, Barnette PT, Legasse AW, Planer
S, Stanton JJ, Pegu A, Chen X, Wang K, Siess D, Burke D, Park BS, Axthelm
MK, Lewis A, Hirsch VM, Graham BS, Mascola JR, Sacha JB, Haigwood NL.
2016. Early short-term treatment with neutralizing human monoclonal
antibodies halts SHIV infection in infant macaques. Nat Med 22:362–368.
https://doi.org/10.1038/nm.4063.

34. Permar S, Levy O, Kollman TR, Singh A, De Paris K. 2018. Early life HIV-1
immunization: providing a window for protection before sexual debut.
AIDS Res Hum Retroviruses 34:823– 827. https://doi.org/10.1089/AID
.2018.0018.

35. Mackroth MS, Irwin K, Vandelaer J, Hombach J, Eckert LO. 2010.
Immunizing school-age children and adolescents: experience from
low- and middle-income countries. Vaccine 28:1138 –1147. https://
doi.org/10.1016/j.vaccine.2009.11.008.

Meeting Highlights

July/August 2019 Volume 4 Issue 4 e00320-19 msphere.asm.org 9

https://doi.org/10.3389/fimmu.2017.01772
https://doi.org/10.1128/JVI.01783-18
https://doi.org/10.1128/CVI.00231-17
https://doi.org/10.1128/JVI.01051-18
https://doi.org/10.1128/JVI.01051-18
https://doi.org/10.1086/319215
https://doi.org/10.1086/323994
https://doi.org/10.1086/315298
https://doi.org/10.1086/315298
https://doi.org/10.1086/498163
https://doi.org/10.1086/498163
https://doi.org/10.1097/01.aids.0000237363.33994.45
https://doi.org/10.1097/01.aids.0000237363.33994.45
https://doi.org/10.1093/infdis/jiu444
https://doi.org/10.1093/infdis/jiu444
https://doi.org/10.1093/infdis/jis478
https://doi.org/10.1093/infdis/jis478
https://doi.org/10.1056/NEJMoa0908492
https://doi.org/10.1056/NEJMc1413931
https://doi.org/10.1056/NEJMoa1302976
https://doi.org/10.1056/NEJMoa1302976
https://doi.org/10.1126/science.1192819
https://doi.org/10.1126/science.1192819
https://doi.org/10.1111/cei.12692
https://doi.org/10.1128/JVI.00754-11
https://doi.org/10.1080/19420862.2017.1311435
https://doi.org/10.1080/19420862.2017.1311435
https://doi.org/10.1371/journal.pmed.1002493
https://doi.org/10.1371/journal.pmed.1002493
https://doi.org/10.1086/515270
https://doi.org/10.1128/JVI.78.11.5983-5995.2004
https://doi.org/10.1016/0165-2478(96)02563-1
https://doi.org/10.1016/0165-2478(96)02563-1
https://doi.org/10.1038/nm.4063
https://doi.org/10.1089/AID.2018.0018
https://doi.org/10.1089/AID.2018.0018
https://doi.org/10.1016/j.vaccine.2009.11.008
https://doi.org/10.1016/j.vaccine.2009.11.008
https://msphere.asm.org


36. Zipursky S, Wiysonge CS, Hussey G. 2010. Knowledge and attitudes
towards vaccines and immunization among adolescents in South Africa.
Hum Vaccin 6:455– 461. https://doi.org/10.4161/hv.6.6.11660.

37. Van Rompay KK, Abel K, Lawson JR, Singh RP, Schmidt KA, Evans T, Earl
P, Harvey D, Franchini G, Tartaglia J, Montefiori D, Hattangadi S, Moss
B, Marthas ML. 2005. Attenuated poxvirus-based simian immunode-
ficiency virus (SIV) vaccines given in infancy partially protect infant
and juvenile macaques against repeated oral challenge with virulent
SIV. J Acquir Immune Defic Syndr 38:124 –134. https://doi.org/10
.1097/00126334-200502010-00002.

38. Ditse Z, Muenchhoff M, Adland E, Jooste P, Goulder P, Moore PL, Morris
L. 2018. HIV-1 subtype C-infected children with exceptional neutraliza-
tion breadth exhibit polyclonal responses targeting known epitopes. J
Virol 92:e00878-18. https://doi.org/10.1128/JVI.00878-18.

39. Excler JL, Michael NL. 2016. Lessons from HIV-1 vaccine efficacy tri-
als. Curr Opin HIV AIDS 11:607– 613. https://doi.org/10.1097/COH
.0000000000000312.

40. Pollara J, Easterhoff D, Fouda GG. 2017. Lessons learned from human HIV
vaccine trials. Curr Opin HIV AIDS 12:216 –221. https://doi.org/10.1097/
COH.0000000000000362.

41. O’Connell RJ, Excler JL, Polonis VR, Ratto-Kim S, Cox J, Jagodzinski LL, Liu
M, Wieczorek L, McNeil JG, El-Habib R, Michael NL, Gilliam BL, Paris R,
VanCott TC, Tomaras GD, Birx DL, Robb ML, Kim JH. 2016. Safety and
immunogenicity of a randomized phase 1 prime-boost trial with ALVAC-
HIV (vCP205) and oligomeric glycoprotein 160 from HIV-1 strains MN
and LAI-2 adjuvanted in alum or polyphosphazene. J Infect Dis 213:
1946 –1954. https://doi.org/10.1093/infdis/jiw059.

42. Kovacs JM, Noeldeke E, Ha HJ, Peng H, Rits-Volloch S, Harrison SC, Chen
B. 2014. Stable, uncleaved HIV-1 envelope glycoprotein gp140 forms a
tightly folded trimer with a native-like structure. Proc Natl Acad Sci
U S A 111:18542–18547. https://doi.org/10.1073/pnas.1422269112.

43. Sharma SK, de Val N, Bale S, Guenaga J, Tran K, Feng Y, Dubrovskaya V,
Ward AB, Wyatt RT. 2015. Cleavage-independent HIV-1 Env trimers
engineered as soluble native spike mimetics for vaccine design. Cell Rep
11:539 –550. https://doi.org/10.1016/j.celrep.2015.03.047.

44. Vaine M, Wang S, Crooks ET, Jiang P, Montefiori DC, Binley J, Lu S. 2008.
Improved induction of antibodies against key neutralizing epitopes by
human immunodeficiency virus type 1 gp120 DNA prime-protein boost
vaccination compared to gp120 protein-only vaccination. J Virol 82:
7369 –7378. https://doi.org/10.1128/JVI.00562-08.

45. Weniger BG, Anglin IE, Tong T, Pensiero M, Pullen JK, Nucleic Acid
Delivery Devices for HIV Vaccines Workshop Group. 2018. Workshop
report: nucleic acid delivery devices for HIV vaccines: workshop proceed-
ings, National Institute of Allergy and Infectious Diseases, Bethesda,
Maryland, USA, May 21, 2015. Vaccine 36:427– 437. https://doi.org/10
.1016/j.vaccine.2017.10.071.

46. Pardi N, Hogan MJ, Porter FW, Weissman D. 2018. mRNA vaccines—a
new era in vaccinology. Nat Rev Drug Discov 17:261–279. https://doi
.org/10.1038/nrd.2017.243.

47. Pardi N, Weissman D. 2017. Nucleoside modified mRNA vaccines for
infectious diseases. Methods Mol Biol 1499:109 –121. https://doi.org/10
.1007/978-1-4939-6481-9_6.

48. Behrens AJ, Kumar A, Medina-Ramirez M, Cupo A, Marshall K, Cruz
Portillo VM, Harvey DJ, Ozorowski G, Zitzmann N, Wilson IA, Ward AB,
Struwe WB, Moore JP, Sanders RW, Crispin M. 2018. Integrity of glyco-
sylation processing of a glycan-depleted trimeric HIV-1 immunogen
targeting key B-cell lineages. J Proteome Res 17:987–999. https://doi
.org/10.1021/acs.jproteome.7b00639.

49. LaBranche CC, McGuire AT, Gray MD, Behrens S, Kwong PDK, Chen X,
Zhou T, Sattentau QJ, Peacock J, Eaton A, Greene K, Gao H, Tang H, Perez
LG, Chen X, Saunders KO, Kwong PD, Mascola JR, Haynes BF, Stamatatos
L, Montefiori DC. 2018. HIV-1 envelope glycan modifications that permit
neutralization by germline-reverted VRC01-class broadly neutralizing
antibodies. PLoS Pathog 14:e1007431. https://doi.org/10.1371/journal
.ppat.1007431.

50. Ozorowski G, Cupo A, Golabek M, LoPiccolo M, Ketas TA, Cavallary M,
Cottrell CA, Klasse PJ, Ward AB, Moore JP. 2018. Effects of adjuvants on
HIV-1 envelope glycoprotein SOSIP trimers in vitro. J Virol 92:e00381-18.
https://doi.org/10.1128/JVI.00381-18.

51. Klasse PJ, Ketas TJ, Cottrell CA, Ozorowski G, Debnath G, Camara D,
Francomano E, Pugach P, Ringe RP, LaBranche CC, van Gils MJ, Bricault
CA, Barouch DH, Crotty S, Silvestri G, Kasturi S, Pulendran B, Wilson IA,
Montefiori DC, Sanders RW, Ward AB, Moore JP. 2018. Epitopes for
neutralizing antibodies induced by HIV-1 envelope glycoprotein BG505

SOSIP trimers in rabbits and macaques. PLoS Pathog 14:e1006913.
https://doi.org/10.1371/journal.ppat.1006913.

52. Fouts TR, Tuskan R, Godfrey K, Reitz M, Hone D, Lewis GK, DeVico AL.
2000. Expression and characterization of a single-chain polypeptide
analogue of the human immunodeficiency virus type 1 gp120-CD4
receptor complex. J Virol 74:11427–11436. https://doi.org/10.1128/jvi.74
.24.11427-11436.2000.

53. Briney B, Sok D, Jardine JG, Kulp DW, Skog P, Menis S, Jacak R, Kalyuzhniy
O, de Val N, Sesterhenn F, Le KM, Ramos A, Jones M, Saye-Francisco KL,
Blane TR, Spencer S, Georgeson E, Hu X, Ozorowski G, Adachi Y, Kubitz
M, Sarkar A, Wilson IA, Ward AB, Nemazee D, Burton DR, Schief WR. 2016.
Tailored immunogens direct affinity maturation toward HIV neutralizing
antibodies. Cell 166:1459 –1470.e11. https://doi.org/10.1016/j.cell.2016
.08.005.

54. Scharf L, West AP, Sievers SA, Chen C, Jiang S, Gao H, Gray MD, McGuire
AT, Scheid JF, Nussenzweig MC, Stamatatos L, Bjorkman PJ. 2016. Struc-
tural basis for germline antibody recognition of HIV-1 immunogens. Elife
5:e13783. https://doi.org/10.7554/eLife.13783.

55. Alam SM, Aussedat B, Vohra Y, Meyerhoff RR, Cale EM, Walkowicz WE,
Radakovich NA, Anasti K, Armand L, Parks R, Sutherland L, Scearce R,
Joyce MG, Pancera M, Druz A, Georgiev IS, Von Holle T, Eaton A, Fox
C, Reed SG, Louder M, Bailer RT, Morris L, Abdool-Karim SS, Cohen M,
Liao HX, Montefiori DC, Park PK, Fernandez-Tejada A, Wiehe K, Santra
S, Kepler TB, Saunders KO, Sodroski J, Kwong PD, Mascola JR, Bon-
signori M, Moody MA, Danishefsky S, Haynes BF. 2017. Mimicry of an
HIV broadly neutralizing antibody epitope with a synthetic glycopep-
tide. Sci Transl Med 9:eaai7521. https://doi.org/10.1126/scitranslmed
.aai7521.

56. Kong R, Xu K, Zhou T, Acharya P, Lemmin T, Liu K, Ozorowski G, Soto C,
Taft JD, Bailer RT, Cale EM, Chen L, Choi CW, Chuang G-Y, Doria-Rose NA,
Druz A, Georgiev IS, Gorman J, Huang J, Joyce MG, Louder MK, Ma X,
McKee K, ODell S, Pancera M, Yang Y, Blanchard SC, Mothes W, Burton
DR, Koff WC, Connors M, Ward AB, Kwong PD, Mascola JR. 2016. Fusion
peptide of HIV-1 as a site of vulnerability to neutralizing antibody.
Science 352:828 – 833. https://doi.org/10.1126/science.aae0474.

57. Dennison SM, Sutherland LL, Jaeger FH, Anasti KM, Parks R, Stewart S,
Bowman C, Xia SM, Zhang R, Shen X, Scearce RM, Ofek G, Yang Y, Kwong
PD, Santra S, Liao HX, Tomaras G, Letvin NL, Chen B, Alam SM, Haynes BF.
2011. Induction of antibodies in rhesus macaques that recognize a
fusion-intermediate conformation of HIV-1 gp41. PLoS One 6:e27824.
https://doi.org/10.1371/journal.pone.0027824.

58. Bonsignori M, Liao HX, Gao F, Williams WB, Alam SM, Montefiori DC,
Haynes BF. 2017. Antibody-virus co-evolution in HIV infection: paths for
HIV vaccine development. Immunol Rev 275:145–160. https://doi.org/10
.1111/imr.12509.

59. Medina-Ramirez M, Garces F, Escolano A, Skog P, de Taeye SW, Del
Moral-Sanchez I, McGuire AT, Yasmeen A, Behrens AJ, Ozorowski G, van
den Kerkhof T, Freund NT, Dosenovic P, Hua Y, Gitlin AD, Cupo A, van der
Woude P, Golabek M, Sliepen K, Blane T, Kootstra N, van Breemen MJ,
Pritchard LK, Stanfield RL, Crispin M, Ward AB, Stamatatos L, Klasse PJ,
Moore JP, Nemazee D, Nussenzweig MC, Wilson IA, Sanders RW. 2017.
Design and crystal structure of a native-like HIV-1 envelope trimer that
engages multiple broadly neutralizing antibody precursors in vivo. J Exp
Med 214:2573–2590. https://doi.org/10.1084/jem.20161160.

60. Jeyakanthan M, Meloncelli PJ, Zou L, Lowary TL, Larsen I, Maier S, Tao K,
Rusch J, Chinnock R, Shaw N, Burch M, Beddows K, Addonizio L, Zuck-
erman W, Pahl E, Rutledge J, Kanter KR, Cairo CW, Buriak JM, Ross D,
Rebeyka I, West LJ. 2016. ABH-glycan microarray characterizes ABO
subtype antibodies: fine specificity of immune tolerance after ABO-
incompatible transplantation. Am J Transplant 16:1548 –1558. https://
doi.org/10.1111/ajt.13625.

61. Kohler S, Engmann R, Birnbaum J, Fuchs A, Kaczmarek I, Netz H, Kozlik-
Feldmann R. 2014. ABO-compatible retransplantation after ABO-
incompatible infant heart transplantation: absence of donor specific
isohemagglutinins. Am J Transplant 14:2903–2905. https://doi.org/10
.1111/ajt.12973.

62. Nguyen TG, Ward CM, Morris JM. 2013. To B or not to B cells-mediate a
healthy start to life. Clin Exp Immunol 171:124 –134. https://doi.org/10
.1111/cei.12001.

63. Dickover R, Garratty E, Yusim K, Miller C, Korber B, Bryson Y. 2006. Role
of maternal autologous neutralizing antibody in selective perinatal
transmission of human immunodeficiency virus type 1 escape variants.
J Virol 80:6525– 6533. https://doi.org/10.1128/JVI.02658-05.

64. Wu X, Parast AB, Richardson BA, Nduati R, John-Stewart G, Mbori-Ngacha

Meeting Highlights

July/August 2019 Volume 4 Issue 4 e00320-19 msphere.asm.org 10

https://doi.org/10.4161/hv.6.6.11660
https://doi.org/10.1097/00126334-200502010-00002
https://doi.org/10.1097/00126334-200502010-00002
https://doi.org/10.1128/JVI.00878-18
https://doi.org/10.1097/COH.0000000000000312
https://doi.org/10.1097/COH.0000000000000312
https://doi.org/10.1097/COH.0000000000000362
https://doi.org/10.1097/COH.0000000000000362
https://doi.org/10.1093/infdis/jiw059
https://doi.org/10.1073/pnas.1422269112
https://doi.org/10.1016/j.celrep.2015.03.047
https://doi.org/10.1128/JVI.00562-08
https://doi.org/10.1016/j.vaccine.2017.10.071
https://doi.org/10.1016/j.vaccine.2017.10.071
https://doi.org/10.1038/nrd.2017.243
https://doi.org/10.1038/nrd.2017.243
https://doi.org/10.1007/978-1-4939-6481-9_6
https://doi.org/10.1007/978-1-4939-6481-9_6
https://doi.org/10.1021/acs.jproteome.7b00639
https://doi.org/10.1021/acs.jproteome.7b00639
https://doi.org/10.1371/journal.ppat.1007431
https://doi.org/10.1371/journal.ppat.1007431
https://doi.org/10.1128/JVI.00381-18
https://doi.org/10.1371/journal.ppat.1006913
https://doi.org/10.1128/jvi.74.24.11427-11436.2000
https://doi.org/10.1128/jvi.74.24.11427-11436.2000
https://doi.org/10.1016/j.cell.2016.08.005
https://doi.org/10.1016/j.cell.2016.08.005
https://doi.org/10.7554/eLife.13783
https://doi.org/10.1126/scitranslmed.aai7521
https://doi.org/10.1126/scitranslmed.aai7521
https://doi.org/10.1126/science.aae0474
https://doi.org/10.1371/journal.pone.0027824
https://doi.org/10.1111/imr.12509
https://doi.org/10.1111/imr.12509
https://doi.org/10.1084/jem.20161160
https://doi.org/10.1111/ajt.13625
https://doi.org/10.1111/ajt.13625
https://doi.org/10.1111/ajt.12973
https://doi.org/10.1111/ajt.12973
https://doi.org/10.1111/cei.12001
https://doi.org/10.1111/cei.12001
https://doi.org/10.1128/JVI.02658-05
https://msphere.asm.org


D, Rainwater SM, Overbaugh J. 2006. Neutralization escape variants of
human immunodeficiency virus type 1 are transmitted from mother to
infant. J Virol 80:835– 844. https://doi.org/10.1128/JVI.80.2.835-844.2006.

65. Milligan C, Omenda MM, Chohan V, Odem-Davis K, Richardson BA,
Nduati R, Overbaugh J. 2016. Maternal neutralization-resistant virus
variants do not predict infant HIV infection risk. mBio 7:e02221-15.
https://doi.org/10.1128/mBio.02221-15.

66. Permar SR, Fong Y, Vandergrift N, Fouda GG, Gilbert P, Parks R, Jaeger
FH, Pollara J, Martelli A, Liebl BE, Lloyd K, Yates NL, Overman RG, Shen
X, Whitaker K, Chen H, Pritchett J, Solomon E, Friberg E, Marshall DJ,
Whitesides JF, Gurley TC, Von Holle T, Martinez DR, Cai F, Kumar A, Xia
SM, Lu X, Louzao R, Wilkes S, Datta S, Sarzotti-Kelsoe M, Liao HX, Ferrari
G, Alam SM, Montefiori DC, Denny TN, Moody MA, Tomaras GD, Gao F,
Haynes BF. 2015. Maternal HIV-1 envelope-specific antibody responses
and reduced risk of perinatal transmission. J Clin Invest 125:2702–2706.
https://doi.org/10.1172/JCI81593.

67. Ghulam-Smith M, Olson A, White LF, Chasela CS, Ellington SR, Kourtis AP,
Jamieson DJ, Tegha G, van der Horst CM, Sagar M. 2017. Maternal but
not infant anti-HIV-1 neutralizing antibody response associates with
enhanced transmission and infant morbidity. mBio 8:e01373-17. https://
doi.org/10.1128/mBio.01373-17.

68. Ng CT, Jaworski JP, Jayaraman P, Sutton WF, Delio P, Kuller L, Anderson
D, Landucci G, Richardson BA, Burton DR, Forthal DN, Haigwood NL.
2010. Passive neutralizing antibody controls SHIV viremia and enhances
B cell responses in infant macaques. Nat Med 16:1117–1119. https://doi
.org/10.1038/nm.2233.

69. Schoofs T, Klein F, Braunschweig M, Kreider EF, Feldmann A, Nogueira L,
Oliveira T, Lorenzi JC, Parrish EH, Learn GH, West AP, Jr, Bjorkman PJ,
Schlesinger SJ, Seaman MS, Czartoski J, McElrath MJ, Pfeifer N, Hahn BH,
Caskey M, Nussenzweig MC. 2016. HIV-1 therapy with monoclonal anti-
body 3BNC117 elicits host immune responses against HIV-1. Science
352:997–1001. https://doi.org/10.1126/science.aaf0972.

Meeting Highlights

July/August 2019 Volume 4 Issue 4 e00320-19 msphere.asm.org 11

https://doi.org/10.1128/JVI.80.2.835-844.2006
https://doi.org/10.1128/mBio.02221-15
https://doi.org/10.1172/JCI81593
https://doi.org/10.1128/mBio.01373-17
https://doi.org/10.1128/mBio.01373-17
https://doi.org/10.1038/nm.2233
https://doi.org/10.1038/nm.2233
https://doi.org/10.1126/science.aaf0972
https://msphere.asm.org

	AIDS Vaccine Research Subcommittee (AVRS) Consultation: Early-Life Immunization Strategies against HIV Acquisition
	EARLY-LIFE IMMUNIZATION AGAINST HIV

	PEDIATRIC IMMUNE LANDSCAPE: IMMUNE ONTOGENY AND RESPONSES TO VACCINES
	PEDIATRIC HIV VACCINATION—PAST TRIALS AND CURRENT PLANS
	PEDIATRIC HIV VACCINES—CLINICAL CANDIDATES AND IMMUNIZATION STRATEGIES
	SUMMARY
	KEY POINTS AND QUESTIONS
	REFERENCES

